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Yearly  Index,   1922 

The  following  In  an  Index  of  fealiire  artlclen  appearing  In  TIIK  BLAST  FURNACE  AND 
STEEL.  PLANT  from  January  through  December,  1922.  In  aildltlon  to  the  urticIcH  irtcluded  in 
this    Index    the    following    departnientN    appear    regularly    eaeh    month; 

Produethin  To|»leH,  News  of  the  I*lantM,  InduNtrial  Relations,  Open  Hearth.  Some  Pointers  on 
By-Produet  t'olie  Dven  Oiieration,  U'lth  the  Kquipment  .Manufacturers,  Foreign  Relations,  Trade 
Notes,   Trade  Publications   and   SociHy   Meetings. 


Acid  KIcctrIc  Steel  Process,  The,  b.T  It.  J.  Wcltlaiier Jan.  43 

.\cl(l  Open  Hearlli  Process  for  M;imif:icture  of  Gun  Steel  and 

Fine  .S(wl8.   li.v  \V.  P.  li.irlin  and   Henry   A[.   Howe Mar.  184 

Acid  Open  Ile.irth  Process  for  Araiinfaoture  of  Gnn  Steel  and 

Fine  Steels,  li.v  W.  P.  Barba  .and  Henr.y  ,M.  Howe Apr.  235 

.\cid  Open  Ilonrtli  Process  for  Manuf.icture  of  Gun  Steel  and 

Fine  Sleds,  by  \V.  P.  Barba  and  Henry  M.  Howe Mn.v  287 

Additions,  Steel  dimpauy  Completes  New,  iiy  A.  C.  Gaylord.  ..Apr.  219 
Air  Kec|Uired  for  Combustion  of  Gases,  by  R.  T.  Haslam  and 

A.    F.   Spit'liler    Mnr.  174 

Alab.'Mna   Company's  No,  1  Stack  Breaks  Production   Record 

on  I,ow  Fuel  Consumption.  Tlie.  by  H.   R.  Stuyvesant .Tune  343 

American   Iron  and  Steel  Institute  Meeting .Tune  301 

.Vmerican    Iron   and   Steel   Institute   Meeting Nov.  541 

American    ItoUIng  Mills  for  France Jan.  68 

Apoll<i   Steel  Company   Enlarge   Plant   by  tlie  Addition  of  a 

New    Slieet    Mill    Unit Feb.  126 

Ashtabula    Completed,    Sheet    Steel    Plant    In,    by    Fred    J. 

Crolins    Dec.  623 

Association  of  Iron  and  Steel  Electrical  Engineers  Conven- 
tion      Sept.  449 

Atlantic  Steel  Company.  Description  of  The  Plant  of  The M'av  252 

Automotive    Industry,    The    Steel    Requiremonts    of    the,    l>y 

Henry    Chandler    \ .  Nov.  544 

Balibitt— A  Material  for  Roll  Bearings,  by  W.  S.  Standiford.Mar.  166 

Balance.  Discussion  of  Heat,  hv  J.  B.   Crane Nov.  583 

Bearings.  Babbitt — A  Material  for  Roll,  by  W.  S.  Standiford.Mar,  166 
Billets.  Healing  Furnaces  for  Blooms.   Slabs  and,   by  W.    P. 

Chandler.   Jr ! Nov.  556 

Book    Review    Nov.  574 

Blast   Furnace  and   Steel   PLants,   Heat   Balances  of.    by    \V. 

Trinks    '. Sept.  451 

Blast  Furnace  at  McKeesport,  Pa.,  New,  by  Donald  N.  Wat- 

kiijs .Jan.  32 

B'ast  Furnace,  Control  of  Silicon  in  The.  by  S.  L.  Goodnle. .  .May  274 

Blast  Furnace,  Control  of  Silicon  In  The,  by.  S.  L.  Goodale. .  .July  307 
Blast    Furnace,    Eastern    Steel    Company    New,    by    Ricliard 

Peters.   Jr Feb.  113 

Blast    Furnace,    Eastern    Company    Rebuilds,    by    Richard 

Peters.    Jr ' May  267 

Bla-iit  Furnace.  Efficient  Operntion  of  the,  by  T.  A.  Peebles. .  .Aug.  412 
Blast    Furnace  Fuels.   ConibnstibiUty   of,   by   E.    R.   Sutclifte. 

and    Edgar   C.   Evans^ , Aug.  427 

Blast  Furnace  Linings.  Discussion  on  the  Disintegration  of, 

by    Raymond    H.    Howe i....Mar.  161 

Blast  Furnace  Linings.  Disintegration  of,  by  P.  O.  Menkc.Peb.  116 

Blast  Furnace  Practice,  B.ases  of  Medern.  b,v  A.  K.  Reese. ..  .Oct.  495 
Blast    Fnrnace  Practice.   Bases   of  Modern,   tiv  A.    K.    Reese. 

Part    II    ■ Nov.  568 

Blast    Furnace    Practice,    Preseint    Day    Iron,    bv    Ralph    H. 

Sweetser    Apir.  209 

Blast  Furnace  Waste  Heat  TTtilized.  by  Hubert  Hermanns. ..  .Oct.  531 
Blooms.  Siabs  and  Billets,  Heating  Furnaces  for,   by   W.   P. 

Chandler.   Jr Nov.  .Wfi 

Blowers.  Saving  Steam  with   Soot,  by   Itotiert  June Apr.  243 

Boiler  Feed  Water — As  it  Ought  to  Be — Zero  Soft,  by  Ernest 

Rowe    ". Dec.  647 

Boilers  in  Steel  IMant.  Waste  Heat,  by  ,T.  C.  Hayes .Tune  355 

Boileiis.  I'se  and  Aliuse  of  Powdered  Fnel  for  Stationary,  bv 

John    F,    Muhlfeld    .'.June  .SiW 

Boilers   with    Fnel   Oil.    Firing Feb.  151 

Boiler,  Tlie  Field  of  the  Large,  by  J.  B.  Crane May  2.89 

Boiler  TnlM's,  An  Investignti'^n  find  Discussion  of  Slag  For- 
mation on,  hy  H-irrv  H.  Bites Dec  642 

Brakes  for  Steel   Mills.  Electric    bv  Gordon  Fox Miv  278 

Breaka-.'e  iif  Rolls  on  Slieet  and  Tin  Mills,  bv  W.  H.  Mel-inev.:\riv  2«4 

Hreakase  of  Bulls  on  Sheet  and  Tin  Mills,  bv  W.  H.  Melniiev. Julv  384 

Break.Tge  of  R.lls  on  Sheet  and  Tin  Mil's,  bv  W.  H.  Melanev.Ang.  42.'i 

Burners  Willi  High  Efficie'iev.  Gas.  by  .\.  Than '..Sept.  471 

Burning  Cnal    Improved  Method  of.  by  C.  E.   Haves Apr.  239 

Burning  Liquid   Fnel,   Fconomieaily,   liv  W.   C,   Buell.  Jr Aug.  415 

By-PriKliK't    Coke   Oven    Gas.   Distribution    of   Tar   Recovery 

from,  by  Frederick  M.  Washburn  &  George  E.  Mun.s. . . ! .  June  351 
By-PToduct   Coke   Oven    Operation    "10"    Pushing    Series,   by 

A.  Coe Dec.  619 

Bv-Prodnet   Coke  Plant   at   Midland June  320 

By-product  Coking,  Recent  Development  in  European,  bv  A. 

Thau     : Mar.  164 

By-Product  Coking.   Recent  Development  in   European.  Part 

TI.   by   A     Thau    Apr.  221 

By-product  Coking  with  Pirtieii'ar  Reference  to  New  Com- 

bin'iiinn    Oven,  by   .Tosepli   Becker Nov.  575 

Calculntiiiir  Ile-it  T.;osses  in  Furnaces    by  O.  T.  Hansen Aug.  437 

Calumet   Steel  '^ompany  Electrify  Mills',  bv  L.  H.  Hook  and 

F.    R.    Burt June  313 

C-ireer  of  J-senh  G    Butler,  ,Tt  .  Sketch  of  the J-an.  60 

Casting.  Cei'trifugal.   bv   N.   Lllienberg .Tul.v  375 

Castings.  The  Mannfaetnre  of  Light  Steel,  by  H.  Bradlev July'  393 

Castings.    Tile    Trend    of   Specifications   for   Steel,    bv    E.    R. 

Young Sent.  463 

Centrifugal  Castinsr.  bv  N.  Lilienlierg July  375 

Chemist    The  Joy  of  Being  a,  by  D.  M.  Strickland Oct.  505 

Coal.    Fire    Haz/ards    in    Plants   T'sing   Pulverized,    bv    L.    D. 

Tracy      , ,Tulv  .395 

Coal  Mixed  Fsed  for  Fuel.  Oil  and Sept.  4S7 

Coal.   Reducing  tlie  Cost  of  Hnndlintr.  liv  J.  M.  ICellv Oct.  .'i07 

Coal.  I'nderfeed  Stokers  Burn  Low  Grade  of.  hv  C.  E.  Reese. Nov.  ,^8S 

Ooke,  Heat  Treatment  of,  by  S.  R.  Greene '.. Sept.  456 


Coke  Illinois   Coals,   Roberts  Ovens   Successfully,   by   H.    V. 

Patterson    July  388 

Coke  Oven  Plants,  New  Bv-Product,  by  J.  M.  Hastings,  Jr..  Jan.  12 

Coke  Plant  at   .Midland,    By-Product June  320 

Coke,  The  Structure  of,  by  H.  D.  Greenwood  and  J.  W.  Cobb. Sept.  480 

Coking,  Developments  in  By-Product,  by  A.  Thau Feb.  122 

Coking  During  1921,  European  By-Product,  by  A.  Thau Jan.  18 

Coking,    Recent    lievelopment   in    European    Bv-Product,    by 

A.    Thau    Mar.  164 

Coking,    Recent   Development  in   European  Bv-Product,  Part 

II.  iiy  A.  Thau ". Apr.  221 

Coking  with  P.irticular  Reference  to  New  Combination  Oven, 

By-Product,    bv   Joseps  Becker Nov,  575 

Combustibility  of  Blast  Furnace  I'^iels,  by  E.  R.  Sutclifte  and 

Edgar   C.    Evans .                                       Aug.  427 

Combustion   Engines  for   Power  Generation   in   Steel   Plants, 

Internal,   by    U.  M.   Petty Oct.  528 

Comljuiistion  of  Gaseous  Fuels  from  Gas  Analyses,  Judging 

the,    by  A,   G.   Witting Oct.  622 

Oomliuslion  of  Gases,  Air  Required  for,  by  R.  T.  Haslam  and 

A.    F.    SpieLler , Mar.  174 

Control  of  Silicon  in  the  Blast  Furnace,  by  S.  L.  Goodale -May  274 

Control  of  Silicon  in  the  Blast  Furnace,  by  S.  L.  Goodale July  367 

Convention,  Association   of  Iron   and   Steel  Electrical   Engi- 
neers  Sept.  449 

Convention.   Iron  and   Steel  Electrical  Engineers Oct.  520 

Converter  for  Making  Steel,  Tropenas,  by  S.  R.  Robinson May  282 

Corrosion    Control   by   Deactivation   of   Water,   by    Frank    N. 

Speller    Oct.  60O 

Corrosion    Control   by    Deactivation   of   Wnter,    by    Frank    N. 

Speller.    Part    II Nov.  592 

Cost  of  Handling  Coal,   Reducing  the,  by  J.  M.  Kelly Oct.  507 

Cranes,  Recent  l3evelopments  in  Steel  Mill,  by  Gordon   Fox.. Jan.  22 
Deactivation   of  Water,   Corrosion   Control   by,   by    Frank   N. 

Speller     Oct.  500 

Deacliv.ition    of  Water,  -Corrosion   Control   by,   bv    l-^'ank   N. 

Speller,  Part  II   Nov.  692 

Decomposition   of  Martensite   Into  Troostite  in   Alloy  Stceto. 

Tlie,   by   Howard    Scott    Aug.  421 

Description  of  a  Pressed   Steel  Pl.Mit Fell.  144 

Description  of  a  Test  on  Furnace  Sand,  by  M.  W,  M,awhinney.Feb.  136 
Description   of  the  Alabama  City   Works  of  the  Gulf  States 

Steel  Company May  254 

Description  of  the  Plant  of  the  Atlantic  Steel  Comp:iny May  252 

Designers.  Iron  and  Steel  Classified  for,  by  Wm.  J.  Merten.  ..\pr.  230 
Development   in    European    By-Product    Coking,    Recent,    by 

A.    Thau    Mar.  164 

Development  of  Rolling  Mill  Engines,  bv  F.  J.  Denk Feb,  153 

Developments  in  By-Product  Coking,  by  A.  Thau Feb.  122 

Developments  in   Open   Hearth   Furnaces,   Recent,   by   Henry 

William     Seldon Jan.  36 

Development  in  Steel  Mill  Cranes.  Recent,  by  Gordon  Fox..., Tan.  22 

DiBcuftsion  of  Forge  Furnaces,  by  Charles  Longenecker M'ar.  194 

Discussion   of  Heat   Balance,  by  J.   B.  Crane Nov.  583 

Discussion   on  the  Disintegration  of  Blast   Fnrnace  Linings, 

by    Raymond    H.    Howe Mar.  161 

Disintegration  of  Blast  Furnace  Linings,  by  P  .O.  Menkc.Feb.  110 
Disintegration  of  Blast  Fnrnace  Linings,  Discussion  on  the. 

by  Raymond  H.  Howe  Mar.  161 

Distribution   of  Tar   Recovery   from  By-Product    Coke  Oven 

G.as.  bv  Frederick  M.  Washburn  &  George  E.  Muns June  351 

Drive  Designed  for  Plate  Mill.  Special,  by  F.  D.  Egan Sept.  461 

Drive,  New  Development  in  Rolling  Mill,  by  A.  K.  Bushman  .Sept.  467 

Drives  for  Wire  Mill.   Electric Jan.  64 

Eastemi     Comp.any     RebuUds     Blast     Furnace,     by     Richard 

Peters.   Jr May  267 

Eastern    Steel    Company    New    Blast    Furnace,    by    Rich.ard 

Peters,   Jr Feb.  113 

EcoivoiniiMlIy  Burning  Liquid  Fuel,  by  W.  C.  Buell.  Jr Aug.  415 

Economic   Importance  of  the  Power   Plant    in   the   Steel   In- 
dustry. The.   by   E.   F.  Entwisle Nov.  .'>85 

Economizers    and     Economizer     Operation,     by     Frank     H. 

Proutv .Apr.  240 

Economv  in  Heating  Furnaces.  Fuel,  by  K.  Huessner July  379 

Ecnnomiy  of  Steel  Plants,  Fuel,  by  Dr.  K.  Rummel June  347 

Economv,  The  Influence  of  G.as  Cleaning  on  Plant,  by  Walter 

N.    Flanagan    Jon.  89 

Effect  of  Oxidizing  Gases  at  Low  Pre,ssures  on  He-ated  Iron, 

The,  by  C.  H.  Carpenter  and  Miss  C.  F.  Elam June  317 

Effect   of  Sulphur  and  Oxides  in   Ordance  Steel,   by   Wm.  J. 

Priestlev    Jan.  96 

Effect  of  Sulphur  on  Rivet  Steel,  by  J.  S   t'nger Aug.  413 

Efllciencv  and  Heat  Balance  of  an  Open  Hearth  Furnace.  The 

Thermal,  bv  C.  L.  Kinney.  Jr.,  and  G.  R.  McDermott Dec.  629 

Efficiency.  Gas  Burners  with  High,  by  .4.  Thau Sept.  471 

EfficientArrangement  of  Open  Ilearth  Labor,  hv  P.  S.  Young. Apr.  2J5 

Efficient  Operation  of  the  Blast  Furnace,  by  T.  A.  Peebles.  .Aug.  412 
Electrical    Engineers    Convention,    Association    of    Iron    and 

Steel      Sept.  449 

E'ectrical  Engineers  Convention,  Iron  and  Steel Oct.  ."i20 

Electrical  Review  of  the  Steel  Industry,  by  O.  Needham .Tan.  Ill 

Electric  Brakes  for  Steel  Mills,   by  Gordon   Fox May  278 

Electric   Drives  for   Wire   Mill .Tan,  64 

Electric  Furnace,  Present  Status  of  the,  by  John  A.  Mathew\s.Nov.  ."142 

Electric    Fnrnace    Situation.    The Feb.  137 

Electric  Motors  in  the  Steel  Plant,  bv  Gordon  Fox Mar.  171 

Electric  Motors  in  the  Steel  Plant,  by  Gordon  Fox Apr,  211 

Electric  Steel  Furnace,  Progress  of.  by  Edward  T.  Moore .Tan.  37 

Electric  Steel  Process,  The  Acid,  by  R.  J.  Weitlaner Jan.  43 
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Hlectrlflca/tlon  on  the  Operation  of  Steel  MUlg,  The  General 

Effect  of,   by    Wilfred   Sykea   June    306 

Electrify  MUls,  Calumet  Steel  Company,  by  L.  H.  Hook  and 

F.    It.    Burt June    313 

Emporium   Iron  Company   Rebuilds  Furnace. .  ._:^ Sept.    478 

Engines,  Development  of  Rolling  Mill,  by  F.  J.  Denk Feb.     153 

Engines  for  Power  Grener.ation  in  Steel  Plajuts,  Internal  Com- 
bustion, by  D.  SI.  Petty Oct.      528 

England   and   France,   Wire  Manufacturing   in,   by   Kenneth 

B.    Lewis    June    323 

Equipment  As  Used  in  the  Iron  and  Steel  Industry,  Material 

Handling,   by  F.   L.    Leach May     265 

European  By-Product  Coking  During  1921,  by  A.  Thau Jan.       18 

Fire    Hazards    in    Plants    Using    Pulverized    Coal,    by    L.    D. 

Tracy    ". July     395 

I'lring  Boilers  with   Fuel  Oil Feb.     151 

Flue  Dust,  Pyrophoric,  by  Dipt.   Ing.  J.   W.  Gilles Sept.    457 

Fluorspar  and  Its  Uses,   by  G.   H.  Jones Nov.    563 

Follansbee  Bros.  Company  Operate  New  Steel  Unit June    340 

Forge  Furnaces,   Discussion   of.  bv   Charles   Lougenecker. . .  .Mar.     194 

Forge  Welding,  Steel  for,  by   Fr.i'nk   N.   Speller May     259 

Forging  Steels,  The  Manufacture  of  Fine,  by  Larry  J.  Bar- 
ton      Dec.      612 

France,  Wire  Manufacturing  in  England  and,  by  Kenneth  B. 

Lewis    June   323 

Fuel,  Economically  Burning  Liquid,  by  W.  C.  Buell.  Jr Aug.    415 

Fuel  Economy  in  Heating  Furnoces,   by  K.  Huessiior July     379 

Fuel  Economy  of  Steel  Plants,  by  Dr.   K.  Rumniel June    347 

Fuel  Firing,  Progress  in  Pulverized,  by  F.  J.  Crolius June    337 

Fuel  for  Stationary  Boilers,  Use  and  Abuse  of  Powdered,  bv 

John  E.  Jluhlfeld    ".June    353 

Fuel  Gas  Analysis,  Graphical  Treatment  of  Stack  G.is  Anal- 
ysis and,   bv    W.   Trinks    .Tan.      50 

Fuel  Oil.  Firing  Boilers  with   , Feb.     151 

Fuel   Wtistes  in   the  Steel   Industry.    Reduction  of,   by  F.  G. 

Cutler    May     291 

Furnace,    Eastern    Steel    Company    New    Blast,    br    Richard 

Peters,  Jr Feb.     113 

Furnace,   Emporium    Iron   Company    Rebuilds Sept.    478 

Furnace  Sand,  Description  of  a  Test  on,  bv  M.  W.  Mawhin- 

ney     Feb.    136 

Furnaces,  A  Study  of  Values  for,  by  Haakon  Hellan Sept.    473 

Furnaces,  Calculating  Heat  Losses  in,  by  O.  I.  Hansen Aug.     437 

Furnaces.   Discussion  of   Forge,  by  Charles   Loiigenecker. . .  .Mar.     194 

Furnaces  for  Forgings,  Heating,  by  Carl   Fischer Jan.      94 

Furnaces,  Fuel  Economy  in  Halting,  by  K.  Huessner .July     379 

Fnrnaces,  Gas  and  Air  Valves  for  Open  Hearth,  bv  Wm.  C. 

Bulmcr     ! June    392 

Furnaces.   Sheet  and   Tin   Mill,   by  T.  J.   Coistello   and  J.   H. 

Knapp     Feb.     141 

Galvanizing  Process,  Heat  Transmission  in  the  Hot,  bv  .7.  D. 

Keller July     3n 

Gah'anizing  Process,  Heat  Transmission  in  the  Hot.  by  J.  D. 

Keller     Aug.     407 

Gas  .and  Air  Valves  for  Open  Hearth  Furnaces,  bv   Wm.  C. 

Bulmer     June    302 

Gas  Analvsis  and  Fuel  Gas  Analvsis,  Graphical  Treatment  of 

Stack,    by   W.    Trinks    Jan.       .50 

Gas  Analysis.   Graphical   Treatment   of   Stack,   Gtis  Analysis 

and  of  Producer,  by  W.   Trinks Feb.     131 

Gas    Analvses.    .Tudging    the    Combustion    of   Gaseous    Fuels 

from,   by   A.   G.    Witting , Oct.      522 

Gas  Burners  with  High   Efficiency,  by  A.  Thau Sept.    471 

Gas  Cleaning  on  Plant  Economy,  The  Influence  of.  bv  Walter 

N.    Flanagan    Jan.      89 

Gas,    Distribution    of   Tar   Recovery    from    By-Product    Coke 

Oven,  by  Frederick  M.  Washburn  &  Geo.  E.  Muns .Tune    351 

Gaseous  Fuels  from  Gas  Analvses,  Judging  the  Combustion 

of.   by   A.  G.    Witting ^ Oct.      522 

Gases,   Air    Required   ff>r  Combustion   of,    bv    R.   T.    Haslam 

and  A.    F.    Spiehler    Jlir.     174 

Ga.ses  at  Low-  Pressures  on  Heated  Iron.  The  Effect  of  Oxi- 
dizing, by  C.  H.  Carpenter  and  Jliss  C.  F.  Elam June    317 

Gases,   Removal   of  Solid  and   Liquid   Particles  from,   by   A. 

F.   Nes'hit    Dec.      6.'?7 

Gas    Filtering  Svstems,    New   Flue... .Tan.       92 

Gears.  The  Hot   Rolling  of,  by   Reginald  Trantschold May     270 

Gener;il    Effect    of  Electrifi'^iition    on    the   Operation    of   Steel 

Mills.  The.  by  Wilfred  Svkes   June    ."Mfi 

German  Book  on  Open  Hearths.  Review  of  A,  by  Walter  fle 

Fries Sept.    488 

Germany,  Arrangement  of  Open  Hearths  in,  by  Hubert  Her- 
manns  Mar.     192 

Granite  Citv  Plant.  New  Plate  Mill  for.  by  M.  E.  Griffin Sept.    4.58 

Graphical    Treatment   of   Stack   Gas   Analysis   and    Fuel   Gas 

Analysis,  by  Wi.  Trinks .Tan.       50 

Graphical  Treatment  of  Stack  Gas  Analvsis  and  of  Producer 

Gns  Analvsis,  by  W.  Trinks Feb.     131 

Gulf  States  Steel  Co'mpanv,  Description  of  the  Alabama  City 

Works  of  the    May     254 

Gun    Steel    and    Fine    Steel.    .\cid    Open    TTt>irth    Process    for 

Manufacture  of.  by  W.  P.  Barba  and  Henry  M.  Howe. .  .Mtir.     1S4 
Gun    Steel    and    Fine    Steel.    .\cid    Open    Hoirtli    Procpss   for 

Manufacture  of.  bv  W.  P.  Bnrba  and  Honrv  M.  Howe. .  ..Vpr.     2.35 
Gun    Steel    and    Fine    Steel.    Acid    Open    Heirth    Pmcpss    for 

M'anufactnre  nf.  hv  W    P    Barba  and  Henry   M.  Howe. . .  ^f•|v     2«7 

Hammer    Welding    Steel    Pipe ...Jan.     34 

Handling  Coal.   Rednrintr  the  Co«t  of.  bv  J.  M.  Kelly Oct       •^■07 

Heat  Bnlance.  Discussion  of.  hv  J.  B.  Crnne Nov.     .5S3 

Heat    Bnlance    of    nn    Onen    Honrth    Furnace.    The    Thermal 

Efficiency  and.  bv  C.  L.   Kinnev.  Jr..   and  G,   R.   McDer- 

mott     . .' .'. I Dec.      629 

Heat    BnTances    of  Blast    Furnace  and    Steel    Plants,    by    W. 

Trinks    Sept.    451 

Heating  Furnaces  for  Blooms.   Slabs  and   Billets,  by   W.   P. 

Chandler.    Jr Nov.    556 

Heating  Fnrnnces  for  Forsrings.   bv  Carl  '^ischer Jan.       94 

Henting  Fnrnnces.  Fuel  Fcnnnmv  in.  bv  Iv.  Huessner .Tnlv     3i9 

Heating.  Sheet  Steel  Rollinc;  .nnd    bv  Evan  Llew^'lpn Jnlv     3..3 

Hent  Losses  in  Furnaces,  Calculating,  bv  O    T.  ITnnsen ,*ii£r     4.3/ 

Heat  T/ofwes  from  Steam  Line  Pipes,  bv  R.  H.  ITeilmnn May     261 

Heat  Trnn.smission  in  the  Hot-Galvanizing  Process,  by  J.  D. 

Keller    '"'y    '^1 


Heat  Transmission  In  the  Hot-Galvanizing  Process,  by  J.  D. 

Keller,    , Aug,     407 

Hejit    Treating   Steel   (or    Structural    Parts,    by    Horace    C. 

Knerr Mar.     179 

Heat  Treatment  of  Coke,  by  S.  R.  Greene Sept.    456 

Heat    Treatment    of    Tool    Steel,    Selection    and,    by    S.    C. 

Spalding    ...^ Apr.     224 

Hot  Blast  .Stove  Rating,  by  F.  H.  Willcox Jan.       29 

Hot    Galvanizing    Process,    Heat    Transmission    in    the,    by 

J.   D.    Keller July    371 

Hot  Galvanizing  Process,   Heat   Transmission   in   the,    by   J. 

D.    Keller    Aug.    407 

Hot  Rolling  of  Gears,  The,  by   Reginald  Tr.autschold May     270 

Illinois   Coals,    Roberts   Ovens    Successfully    Coke,    by    H.   V. 

Patterson    July     388 

Improved  Method  of  Burning  Coal,  by  C.  E.  Hayes Apr.     239 

Industrial  Possibilities  of  South   Will  be  Revealed  at  Meet- 
ing  of    Engineers    May     251 

Influence  of  Gas  Cleaning  on  Plant  Economy,  The,  by  Walter 

N.    Flanagan    .Tan.      89 

Institute  Meeting,  American   Iron  and  Steel June    301 

Interesting    Sintering    Plant    at    Birdsboro,    Pa.,    by    B.    G. 

Klugh Jan.      24 

Internal  Combustion  Engines  for  Power  Generation  in  Steel 

Plant.s,   by  D.  M.  Petty Oct.      528 

Investigation    and    Discussion    of  Slag  Formation    on    Boiler 

Tubes.  An,  by  Harry  H.  Bates ; Dec.      642 

Iron  and   Steel  Classified  for  Designers,  by   Wm.  J.  Merten.Apr.     230 

Iron    and   Steel   Electrical    Engineers'   Convention Oct.      520 

Iron  and  Steel  Institute  Meeting.  American June   301 

Iron,   Manufacture  of  Commercially   Pure,   by   D.  M.  Strick- 

liind .Tan.      41 

Joy  of  Being  a  Chemist,  Tlie,  by  D.  M.  Strickland Oct.      505 

Judging  the  Combustion    of  Gaseous   Fuels  from  Gas  Anal- 
yses, by  A.   G.   Witting Oet.      522 

Labor.    Efficient    Arrangement    of    Open    Hearth,    by    P.    S. 

Young     Apr.     215 

Linings.  Di.scu.st:ion  on  the  Disintegration  of  Bl.ast  Furnace, 

bv  Ravmond  H.  Howe Mlar.     161 

Linings.  Disintegration  of  Blast  Furnace,  by  P.  O,  Menke.  ..Feb.     116 
Liquid    Fuel    in    Metallurgical    Furnaces     Use    of,    by    R.    C. 

Helm     Nov.     549 

Liquid   P.artides  from   Gases.   Removal   of  Solid  and.   by   A. 

F.   Nesblt    Dec.      637 

Literature  for  1921,  Review  of  Iron  and  Steel,  by  E.  H.  Mc- 
Clelland  Jnn.        4 

Losses  from  Steam  Line  Pipes.  Hent.  by  R.  H,  Heilman May     2hl 

Losses  in  Furnaces,  Calculating  Heat,  bv  O.  I    Hansen .\ug.     437 

Making  Steel.  Tropenas  Converter  for.  by   S.   R.   Robinson. .  .Stay     282 

Mauiigement.  Steel  Works  Power  Plant,  by  Robert  June Feb.     148 

Management,  Steel  Works  Power  Plant,  bv  Robert  June Mar.     196 

Management,  Steel  Woirks  Power  Plant,  by  Robert  June Sept.    4,83 

Mansfield  Sheet  &  Tin  Plate  Company's  New  Steel  Unit,  The, 

bv  Carl   W.   Peirce   Jnn.       71 

M.anufacture  of  Commerciallv   Pure   Iron,   by   D.    M.    Strick- 
land      J-'U.       41 

Manufacture    of    Fine    Forging    Steels,    The,    by    Tarry    J. 

Barton     Dec.      012 

Manufacture  of  Light  Steel  Castings,  The,  bv  H.  Bradley July     393 

Martensite  Into  Troostite  in  Alloy  Steels.  The  Decomposition 

of.   hv   Howard   Scott Aug.     421 

Material    Handling    Equipment    As    Used    In    the    Iron    and 

Steel  Industrv,  bv  F.   L.  Leach May     265 

Metallurgical    Furnaces,    Use    of   Liquid    Fuel    in,    by    R.    C. 

Helni     ^nv.     549 

MetaTurgv.  Progress  in  Iron  and  Steel,  by  J.  M.  Hall .Tan.        9 

Mill  Drive,  Now  Development  in  Rolling,  by  A.  K.  Birshman . Sent.    467 

Mill  Drives,  The  Trend  in  Rolling,  by  Gordon  Fox Jnlv     3.«6 

Mill  Engines.  Development  of  Rolling,  by  F.  J.   Denk Feb.     15.t 

Mil's   Breaknge  of  Rolls  on  Sheet  nnd  Tin.  by  W.  H.  Melaney.May     2*^4 

Mills  Built  for  Rolling  Nickel  and  Monel Dec.      605 

Modern  Steam  Generating  Plant,  by  K.  F.  Keifer Oct.      M 

Monel,  Mills  Built  for  Rolling  Nickel  and Dec.      fio.5 

MotoTs  in  the  Steel  Plant,  Electric,  by  Gordon  Fox Mir.     lil 

Motors  in  the  Steel  Plant.  Electric,  bv  Gordon  Fox Apr.     211 

New  Blast  Furnace  at  McKeesport,  Pa.,  by  Donald   N,  Wat- 

Ijins     .Tan.     32 

New  Bv-p'roduct  f-oke  Oven  Plants,  by  J.  M.  Hastings.  Jr Jan,       12 

New  Continuous  Strip  Mill  of  the  Trumbull  Steel  Company, 

rpijg    , June    326 

New  Devplo'praei"t  in  Rolling  Mill  Drive,  by  A.  K.  Bushman. Sept.    467 

New  Flue  Gas  Filtering  S.vstems , Jan        92 

New  Plate  Mill  for  Granite  City  Plant,  by  M.  E.  Griffin Sept.    458 

New  Reversing  Valves  for  Open  Hearth  Furnaces,  by  Hubert 

Hermanns'    Apr.     228 

Nickel  and  Monel,  Mills  Built  for  Rolling Pec.      P0.5 

Oil  and  Coal  Jlixcd  T'sed   for  Fuel Sent.    487 

Oil.  Firing  Boilers  with  Fuel ^...Feb.     151 

Open  Hearth   Furnace  Makes  a  Record Jan.      48 

Open  Hearth  Furnace.  The  Thermal  Efficiency  and  Heat  Bal- 

ancp  of  an.  bv  C.  L.  Kinnev.  Jr..  nnd  G.  R.  McDermott Dec.      629 

Open  Henrth  Furnaces,  Gas  and  Air  Valves  for,  by  AVm.  C. 

Bulmer     •  • June   302 

Open  Hearth  Furnaces,  New  Reversing  Valves  for,  by  Hubert 

Hermanns     Apr.     —8 

Open   Henrth   Furnaces,    Recent   Developments  in,   by   Henry 

Wil'inm    Seldon    Jin.      3B 

Open    Hearth    Labor,    Efficient    Arrangement    of,    by    P.    S. 

Young     Apr.     215 

Open  Hearth  Process  for  Manufacture  of  Gun  Stfi^l  nnd  Fine 

Steel,  Acid    By  W.  P.  Barbn  and  Honrv  M-  Howe M:ir.     184 

Open  He.airth  Process  for  Minufacture  of  Gun  Steel  and  Fine 

Steel.  .Acid,  by  W.  P.  Barba  and  Henry  'V^'    Howe Apr.     2.35 

Open  Hearth  Process  for  Manufacture  of  Gun  Steel  and  Fine 

Steel,  Acid,  by  W.  P.  Barba  and  Henrv  M    Howe May     287 

Open  Hearths  in  Germany,  Arrangement  of,  by  Hubert  Her- 
manns     Mar.    192 

Open  Hearths,  Review  of  a  German  Book  on.  by  Walter  de 

Fries     Sept.    488 

Operation    of  Steel  Mills.   The  General  Effect   of  Electrifica- 
tion on  the,  by  Wilfred  Svkes June    306 

Ordnance  Steel,  Effect  of  Sulphur  and  Oxides  in,  by  Wto.  J. 

Priestley    Jan.      96 


HioJ^ksfFumaceSSfooiPLf 


Otia  Stpol   Company  Completes   BreoUnn  of  a   Modprn   Sheet 

.Mill   Dop:irtment,   hy   I>cinnm    N.    Watkins Feb.  118 

Oven.  Ity-I'ni(luet  t'oklnp  with   Partioiilar  Hefprence  to  .\eiv 

Combini\tii>n.   hy  Joseph   Beoker Nov,  ,"i7.5 

Oxides  in  Ortlnanop  Steel,  Effect  of  Sulphur  and,  by  VVjn.  .T. 

Priestley     ." .Ian.  '.») 

Oxldi.-.inp  Ca.sos  at  Low  Pressures  on   Heated  Iron.  The  Ef- 
fect of,  by  C.  11.  Carpenter  and  .Miss  r.  F.  Elani .Tune  .S17 

Pipes,  Heat  Losses  from  Steam  Line,  hy  K,  H,  Heilinan Mav  2(11 

Plant  of  the  .-Vtlantic  Steel  Company.   Uescriptlon  of  the           Mav  ",">" 
Plato  Mill  for  Granite  'City  Plant,  .New,  bv  M.  10    (Jrilhn           Seii't  -ios 
PLite  Mill,  Special  Drive  Desicned  fur,  by  l^'.  I).  Efran.,,         Sent  -n;i 
Possibilities   ef  South    Will   Ho   Hevealed   .■it    MeetiiiK  of  En- 
gineers.   Industrial    M.,y  o^j 

Possibility  of  Improved  Methods  of  Uollinp  Sheet  Steel    The  '     ' 

by   Summer   B.   Ely jLar  IT."; 

Powdered   Fuel  for  Stationary  Boilers,  Fse  and  Abuse  of    bv 

John    E.    .Muhlfeld '    June  ."ilS 

Power    Generation     in     Stwl     Pl.ints,     Internal    Combu's'tioii" 

EuKines  for,   by   P.   M.   pettv Oi-t  ')''.S 

Power  in  the  Steel  Iiidnstrv  Dnrinc  11121.  F.  J   Crolius r,in  78 

Power  Plant  in  the  StiiO  Industry,  the  Economic  Importance 

of  the,   by    E,    P,   Entwisle Nov  .Wi 

Pi>wer  Plant   .Manaeemeiit,   Steel  Wiorks,  bv   Robert  .Tiine         Feb  ll.'! 

Power  riant   Manapemeiit,  Steel   Works,  bv   Robert   Juno        Mar  I'lB 

Power  Plant  Mnnasenjeii t.   Steel   Works,   by  Robert  June     ,.Sent  i'xi 
Power  Plant.  W  heelinfr  Steel  Corporation  Construct  New    bv          ' 

Thos.   O,    Estep    '     '    j,,,,  ,on 

Practice.   Bases  of  Modern  Blast  Furnace,   by  A.  K.   lieese,'  "' 

Pa  rt    II    '  Nov  5fi,*< 

Present    Day    Iron    Blast    Furnace    Practice,    by '  R:'iiph  '  ii.'         '  ' 

c>'n  €'ctspr     ; 4  iir  '^flo 

Present    Status   of  the  Electric   Fnm,ice.    by   .Tohn"  aV  Jf'at'h'-"  '    '  "  ' 

Pressed  Steel   pian't!   DesarVptiiin   of  '.a. '. F.'.'b'  1 J4 

Producer  Gas  Analysis.   Graphical    Treatment   of 'st.ack   Gas 

Analysis   and    of.   bv   W.    Trinks                                                   Fell  m 

Production  Record  on  t,^w  Fuel  Consumption,  The  Aiaha'nVi'         '  ' 

Company  s  No,  1  Stack  Bre.nks,  by  H,  R,  Stuvvesant.,    '   June  .•?-(.■! 

Progress  in  Iron  and  Steel  Metallurpv,   bv  J    AI    Hall                Tin  Q 

Progress  in  Pulverized  Fuel  Firing,  bv   F.  J,' Crolius    t,\"e  ^7 

Progress  of  Electrh-  Steel  Furn.ace,  by  Edward  T.  Moore J  37 

Pulverized    Coal.    Fire    Hazards    in    Plants  Fsing,    by    L.    D. 

PulVeriz^  Coaj  in'  tile  StPeTpi.Vnt; 'by  wVh.'  Searight ,' ,' Aug  441 

Pulverized  Fuel  Firing.  Progress  in.  by  F.  J.  Crolius  J^^„  ^^7 

i"'coe"      •   ^■''-^'•'"'"'■'   ''"ke   Oven   Operation   •■io."' 'b.v 

Pyroph<>rlc  Flue'hust.'  by  'iSipi.'  In'g,'  jV  w:  Gil'lw','.'.'.'.' ': w  "in? 

'Thau''''''      ""*""*  '"  '^'"™P''''"  B.v-Produet  Coking,  by  A.' 

Recent    r>e^P'"m|^'ent   in  EuropWn 'BV-P'rod"uct' Coking;  ^art"'"'  ^''"* 

^""H-un^l^^'^^S". .'"   ^''^"   """"'   '''""''^■'■■"«-  ■  ''V  ■  iieury  '^'"'-  "' 

Recent  Developments'  in'  Steei'Mili  'cra'nes,'  ii'v  'Gordon ' Fox "  "jin'  ^S 

Reducing  the  Cost  of  Handling  Coal,  bv  .f    M    Kellv                  o^  rj{- 

'"  Ciitler  '"  '^"'"   ^^■'■''•'''   '"''"<'  ^^'"■'    I"'i'>»-tr.v:'hy'i-'.''(i:°'^-  ■'"' 

Ref met  ories '  in '  the'  .s't'ee'l '  Plant', '  b'v  'w.'  A  '  'hu'ii t'Y  inn 

Nesbi"         ""^  """  '^'1"'"  r"""''!''-  from  Gases."by'A,"F.' 

''*''  Fries''  ■'"  ^'*'''™-''°   Book'  on  'o'p'e'ii  'iicipths.'  'by'  'wnl't'e'r  'de'^'''''  '''"' 

'^'"'  crell'-l^  i-"""  '■' "fl'  sVe'el'  'Li't'era't'ure  'for  'itiil,'  'by'  TS.'  'h.'  'He-  ^''^^'  '"^'^ 

Roberts   Ovens    Successfully    Coke    Illinois    Coals     i'iVh" 'v' 
Patterson      ---■■o'.    n.v    n.    \ 

Roller  Bearing  Mill  Tables,' by '.T.'m: 'k'eliv'. ',".', '.',;  ■,'. ylh  'iW 

Ro    ing  and  Heating.  Sheet  Steel,  by  Evan   Llewellen       Tu  v  ^'7^ 

^^  f  Kr'Fr^r=;^a^'.'-.'^-  ^'  '^-^  ■  ■  ■  ^ -^^f  J'  5 

Ro  n'nS  ^,STI?-  ,'^^1  ^^*-  '^^  I'-'^'imd  Tr,n'n't»'cho.l'd ,':;:.':'  -u,";  n^o 
b^SummerB'-FTv"  P"^''*"""-^'  "'  ^-"P^-""  >-*>""!«  "f.        ' 

nnl!^  ""  ?!!'*!  ""I  I'"  ^""'''  ri'^'^'' ^'^'-<^  '<^f   ''v'  W  'it  '  Aielauev' \\7v  ii5 

nJ,].     "  Sh""    ■'""}  I"'   ^''"«'  Ill-e:lk:,ge  of.  bv  W    H    Melanev  'TiiIv  W 

5^nH  ^  Sheet  and  Tin  .Mill.s.  Brenk.ige  „f.  bv  W.  H    Jfe  ,anev  '  \i  g  4S5 

ne"  '        '  "     •''      *'^''  °"  Furnace,  b.v  M,  W.  MawMn- 

Saving  Steam   wit'li^So'o't  'BiowVrs.'  bv '  Robert'  .Tune'    ••■•••  = '  Jpr  i« 
Selection  and  Heat  Treatment  of  Tool  Steel,  h,y  S,  c!  Sp'al'd'-' 

■''''Hcmap'l  ^i"  '""i   "Fi'irnaces'.'  b'y'  T,'  'j,'  'co'sf^lo'  'an'd  '.T,'  'h.'"^'"''  ~* 

^'"^aney"   '^'''  *""^'  i''<«'''<-''S<"' '"'  1^'''"^  ' n"'- ' 'I'V  '  \v'. '  li'  'Mc-' ^''^'  "^ 

^'""laifev'^  Tin'  iHn's',"  'lirMkage  '  oi"'  'Roils   on:  'by   W.   h.'  m^..-  ^''"■'  ^'^ 

^'""in  nev*^   '^'"    "*""■'•   i'''<'^'^-''Re  "f  R"lis '  "n'-'  b'y  '  W, '  H.'  'mp -'■^"'''  "''^ 

Sheet  AHII  Den■n'rt'mpil't'.'o't^i's'tee^'<^;;;^Vn'v'co'mDl'e■te's'E^ec■'^"'^■  ''"^ 

«>,    '^T.-n'r?    Modern,   hr  Donald   X.  W.tkin.s..    '^^                        Feb  n« 

1„J;'-  ^"'l   -'^r""  ''*•""'  f^'P-i^iy  Enlarge  Plant  bv  ttie 

.Addition  fif  n.   New p  j^  ,,^ 

Cro?i*us'    '''■'"'^    "'    ^"•'^•'"^"1'^    Completed',  "by  "Fred  "j,' 

Sheet  Stee'l  Pojl'in'g  and'  Henipg, 'bv'  'fIv'iW  't  Welien V.^v  S7S 

""bv'si':!;,,:::;  ^"^;:;;''»''  -^ """--"  ^'"^""^^  "f  Roinng.'; ""^  J 

sii.voi,  in  tbp  T?,,,s,  Furnace.  Control' o'f.'hv  vv;,' fi;;;,:.;,;.- •• -iin"^-  ,;v 

Silicon  m  the  Blast  Furnace,  Control  of.  by  S    L.  Goodale,',  ,'.Tuly  .•ifi7 


Sintering    Plant    at    Blrdsboro,    Pa„    Interesting,    bv    B,    G. 

Klugh     ■ Jan.      24 

Sketch  of  the  Career  of  Joseph  G,  Butler,  Jr Jan.      00 

Slabs  and   Billets,  Heating  Furnaces  for   Blooms,   by    W.   1'. 

Cliandlor.   Jr Nov.     nTifl 

.Slag  Formation  on  Boiler  Tubes,  An   Investigation  and  Dis- 
cussion of.  by  Harry  H,  Bate5< Dec.      642 

Sloss    Shellield    Steel    A:    Iron    Companv's    Steam    Generating 

Station,  by  .M.  M.  .\rgo  ;ind  II,   .Maulshagen Jan.       .S3 

Solid  and  Liquid  Particles  from  Gases.  Removal  of,  by  A.  F. 

Ncsbit    .■ Dec.      (137 

Siwit   Blowers,  Saving   Steam   With,   by   Robert    June Apr,     243 

South    Will    Be    Revealed    at    Met*ting    of   Engineers,    Indus- 
trial  Possibilities   of May     2.'>1 

Special  Drive  Designed  for  Plate  -Mill,  by  F.  D.  Egan.. Sept.    461 

Specifications   foir   Steel    Castings,    TIic   Trend    of,    bv    E.    R. 

Young     Sept,    4(13 

Stack  Gas  Anal.\sis  and  Fuel  Gas  Analysis,  Graphical  Treat- 
ment of.  by  W,  Trinks  .Tan,      ."lO 

Stack  Gas  .Analysis  and  of  Producer  Gas  Analvsis,  Graphical 

Trc.itment   of,    by    W,   Trinks Feb,     131 

Status  of  the  Electric  Furnace,  Present,  by  John  A.  Mathews.  Nov,     r>42 

Steam  Generating  Plant,  Jlodern.  by    I!.   F.   Keifer Oct.      .'i09 

Steam  Generating  Station.  Sloss  Sheffield   Steel  &  Iron  Com- 
pany's, by  M,  M.  Argo  and  H,  Maulshagen Jan,       S3 

Steam  Line  Pipes,  Heat   Losses  from,  liy  R,  H.  Heilman May     201 

Steam  Turbines  and  Electrical  Drives  for  Vital  .\uxilinries, 

by   Tann    Helandpr Aug.     418 

Steel  Company  Completes  New  Additions,  by  A.  C.  Gaylord.Apr,     210 

Steel  for  Forge  V.'elding,  bv  Frank  N.  .Speller May     250 

Steel  Industry  During  lfi21.  The.  by  B.  E.  V,  Luty .I.aii.        2 

Steel  Industry,  Electrical  Review  of  the,  by  O    Nepdhani Jan.     Ill 

Steel  Industry,  The  Economic  Importance  of  the  Power  Plant 

in   the,   by   K.   V.   Entwisle Nov.     5R.5 

Step]  Plant.  Elpctric  Motors  in  the,  bv  Gordon  Fox Apr.     211 

Steel  Plant,  Pulverized  Coal  in  the.  by  W,  H.  Searight Aug.     441 

Steel    Requirements    of   the    Automotive    Indnstry,    The.    hy 

Henry    Chandler Nov,     M4 

Steels.  The  Manufacture  of  Fine  Forging,  by  Larry  J.  Par- 
ton    Dec.     fil2 

Steel  T^nit.  Follansbee  Bros.  Companv  Operate  New .Tune   340 

Steel  Unit.  The  Mansfield  Sheet  &  Tin  Plate  Cotnpany's  New. 

by    Cnrl    ^V.   Peirce .Tan,       71 

Steel  Works  Power  Plant  Management,  by  Robert  .Time Feb.     14S 

Steel  Works  Power  Plant  Management,  by  Robert  .Tune Mar.     19(> 

Steel   Works  Power  Plant    Management,   hy   Robert   June. ..  .Sept.    483 
Stokers  Burn  T/ow  Grade  of  Coal.  T'nderfepd,  bv  C  E    Reese. Nov,     ."WS 

Stove  Rating.  Hot  Blast.  In-  F.  H.  Willcox Jan.       2» 

Strip    Mill   of  the  Trumbull  Steel   Company.  The' Now   Con- 
tinuous      .Tune    32(1 

Structural    Parts,    Heat    Treating    Steel    for,    by    Horace    C. 

Knerr   Mar,     170 

Structure  of  Coke.  the.  by  H.  D,  Greenwood  and  J.  W.  Cobh.Senf     4'^ 

Study  iif  Valves  for   Furnaces,  A.   by   Haakon    Hellan Sept.    473 

Sulphur   and    Oxides  in   Ordnance   Steel,    Effect    of.   hy   'Wni. 

J,    Priestley    Jan.       tlfi 

Sulphur  on  Rivet  Steel,  Effect  of,  by  .T.  S,  TViger Aug.    413 

Superpower   Plan    Wonld   Overcome   l^arge   Waste .Tan.      ,5.8 

Tables,  Roller  Bearing  Mill,  by  J.  M.  Kelly Feb,     1.3!) 

Tar  Recovery  from  By-Prodiict  Cok.^  Oven  Ga.s,  Distribution 

of.  b.v  Frederick  M,  W'ashbnrn  and  George  E.  Minis June    3i>l 

Thermal    p^fliciency    and    Heat    Balance   of   an    Open    Hearth 

Furnace.  The.  bv  C.  L.  Kinnev.  Jr..  and  G.  R.  McDermott.Dec.      02(1 
Tin    Atill  Fnrnaces.   Sheet  and,   by   T.  J.  Costello   and   J.   H. 

Knapp    Feb,     141 

Tin   Jlills,   Breakage  of  Rolls  on    Sheet  nnd,   by   W.   H.   Me- 
la iiey     Ma  v     284 

Tin   Mills.  Break.<;ge  of  Rolls  on   Sheet  and.   by    W.  H.   Me- 

laney Aug,     42.5 

Tool  Steel,  Seleetion  and  Heat  Treatment  of,  bv  S,  C.  Spald- 
ing      Apr.     224 

Trend  in  Rolling  Mill  Drives,  The,  by  Gordon  Fox ..July     .38fi 

Trend    of   Specifications    for   Steel    Castings.    The.    bv    E.    R, 

Young     Sept.    4fi3 

Troostite  in  Allov  Steels.   The  DecomTiosition  of  Martensite 

Into,  by  Howard  Scott    ._ Aug.     421 

Tropeiias  Converter  for  Making  S'teel,  by  S.  R.  Robinson. ..  .May     2,82 
Trumbull  Steel  Companv,  The  New  Continuons  Strip  Mill  of 

the    June   S26 

Tubes,    An   Invesitigation  and   Discus-sion    of  Slag  Formation 

on  Boiler,   bv   Harry  H.   Bates Dec,      (142 

Turbines  and  Electrical  Drives  for  Vital  ,\uxiliaries.   Steam. 

bv   Linn   Helander   .\ug,     418 

T'nderfeed  Stokers  Burn  Low  Grade  of  Coal,  by  C   E,  Reese, Nov.    ."iSS 
I'se  and  .Abuse  of  Powdered  Fuel  for  Stationary  Boilers,  bv 

John  E.  Muhlfeld    June    .3.53 

T^se  of  T,,iquid  Fuel  in  IMetallurgical  Furnaces,  bv  R.  C.  Helm.  Nov,     .540 

■Valves  for  Furnaces,  A   Studv  of.   bv   Haakon   Hellan Sept,    •173 

Waste  Heat  Boilers  in  Steel  Plant,  by  ,T.  C,  Hayes .Tune    3.".5 

"Waste  Heat  T'tilizpd,  Blast  Fiirnacp,   bv  Hiibprt  TTprinnnns,  ,0ct,      ri31 
Waistps  in  the   Steel   Industry,   Reduction   of  Fuel,   bv   F.   G. 

•Cutler ." May     201 

W^aste,  Superpower  Plan   'U'^ould   Overcome  Large ,Tan,       .58 

"^\'^ater — .As    It    Ought    to    Be — Zero    Soft,    Boiler    Feed,    by 

Ernest"   Rowe   Dec,     647 

Water,    Corrosion   Control   bv  Deactivation   of.   by    Frank  N. 

Speller     '. Oct.      .500 

Water.   Corrosion   Control   bv   Deacti\'^tion   of.   bv   Frank   N. 

Speller,  Part  TI Nov.     ,5.02 

Whee'iniT    Steel    Cnrnnrntion    ConiStruct    New    Power    Plant. 

bv   Thomas   G.  Estep June  320 

Welding.  Steel  for  Force,"  by  Frank  N.  Speller "May     2S0 

^Veiriing  Steel  Pine.  Hammer .Tan,       34 

Wire  Alanufacturing  in  England  and  Fr.ance.  hy  Kenneth  B. 

Lewis      June    3?3 

Wire  Mill.  Electric  Drives  for Jan.       04 


I  I 


!      Ike  Hast  fumaceSSW  Planj-     | 

jrffiiiiiiiiiiiiiiiiiiiiiiiiin'ii'iiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiniiiiiiNiiiiii iiiiiiiimiinii i i iukhiih hiiiiiiiiih i, i iiiiiiiiiiiiiiiiiiiiiiiiiiiinii:iiiiiii iiiiiiiiiiiiiiiiriiiiiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniKiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiniiiiiiiiiiiiiiiiiiiiiiiiiiui^ 

Vol.  X  PITTSBURGH,  PA.,  JANUARY,  1922  No.  1 


Future  Success  Depends  Upon  Improved 
Methods  of  Production 


DURING  the  five  years  preceding  1921,  the  whole  thought 
of  those  in  charge  of  the  iron  and  steel  industry  was  pro- 
duction, and  technical  developments  were  of  secondary 
consideration.    During  all  this  time  the  engineers  and 
operating  officials  pleaded  only  for  a  breathing  spell,  in  which  time 
obsolete  and  worn-out  equipment  could  be  replaced,  new  plants 
constructed,  and  new  developments  completed. 

The  year  1921  brought  forth  this  very  opportunity,  as  the  steel  in- 
dustry was  at  low  ebb.  Consequently,  no  year  in  the  history  of  the 
industry  has  been  more  replete  with  engineering  activities,  no  year 
has  seen  greater  interest  displayed  in  improvments,  and  in  no  year 
has  there  been  more  definite  applicable  knowledge  disseminated. 
These  facts  afford  a  material  foundation  for  a  spirit  of  optimism 
which  is  the  dominant  element  in  the  expansion  of  industry. 

Industrial  depression  constitutes  an  incentive  to  economize  in  ma- 
terials, stimulates  efforts  to  improve  methods  of  production,  and 
checks  numerous  minor  wastes  which  inevitably  develop  in  times 
of  intense  industrial  activity.  Thus  a  period  of  depression  is  not  an 
unmitigated  evil;  such  a  period  merely  represents  the  inertia  in- 
herent in  readjustment  of  the  industrial  structure,  and  recent  con- 
ditions should  have  a  salutary  effect  in  stabilizing  the  mechanism 
of  industry. 

We  therefore  predict  that  the  greatest  advances  in  the  history  of 
the  industry  will  take  place  during  the  next  few  years,  and  confi- 
dently look  forward  to  an  early  resumption  of  activity  and  a  revival 
of  prosperity  in  the  iron  and  steel  industry. 
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The  Steel  Industry  During  1921 

Depression  in  Steel  Industry  During  the  Past  Year  Due  to  the 
Liquidation  of  Material  in  Intermediate  Hands,  Rather  Than  a 
Cessation  of  Consumption  by  the  Ultimate  User. 

By  B.  E.  V.  LUTY 


IT  GOES  without  saying  that  the  year  1921  was  a  year 
of  "readjustment"  in  the  iron  and  steel  trade,  as  it 

was  in  all  commercial  lines.  One  scans  a  year  of  his- 
tory to  see  what  has  been  accomplished,  so  1921  is  to  be 
studied  to  see  what  progress  was  made  in  this  readjust- 
ment. 

It  is  palpably  plain  that  the  iron  and  steel  industry 
completed  its  readjustment  as  far  as  lay  in  its  power. 
The  iron  and  steel  consuming  industry  did  not  do  as 
much — not,  probably,  because  it  did  not  try  as  hard,  but 
because  it  was  controlled  in  part  by  circumstances  over 
which  it  had  no  control. 

That  is,  the  steel  producing  industry  reduced  its  prices 
to  a  very  fair  level,  and  did  not  consume  anything  like 
all  of  the  year  in  doing  so,  but  the  consumers,  those  to 
whom  the  steel  industry  sells,  were  in  control  of  those 
to  whom  they  in  turn  sell,  and  the  ultimate  consumer  or 
investor  did  not  get  in  position  to  take  hold  freely.  The 
result  was  a  restricted  market. 

Course  of  Steel  Prices. 

The  year  of  1921  being  largely  a  year  of  "readjust- 
ment" and  as  the  word  as  lately  used  connotes  price 
readjustment  more  than  any  other  one  particular  thing, 
the  course  of  steel  prices  deserves  first  consideration  in 
a  review  of  the  year.  A  composite  finished  steel,  or 
weighted  average  of  the  important  finished  steel  prod- 
ucts, devised  by  the  writer,  permits  a  study  of  price 
movements  without  use  of  a  complicated  mass  of  fig- 
ures. The  composite  is  made  up  of  2^  pounds  each 
of  shapes,  plates,  wire  nails  and  pipe,  one  pound  of 
sheets  and  a  half  pound  of  tin  plate  In  dollars  and 
cents  per  net  ton  this  composite  finished  steel  has  been 
as  follows : 

Ten-year  average,  1904-1913 $36.00 

1913  average   34.40 

Low,  December,  1914 28.40 

High,  July,    1917 116.00 

Government  war  control 76.00 

Industrial  Board.  March  21,  1919.  .  65.00 

High,  .August,  1920 77.00* 

lanuarv  1,  1921 65.00 

December  31,    1921 45.20 

It  will  be  recalled  that  the  prices  set  by  agreement 
between  the  steel  makers  and  Secretary  Redfield's  Indus- 
trial Board,  four  months  after  the  armistice,  were  an- 
nounced as  being  prices  that  were  fair  for  everyone  to 
proceed  upon.  They  averaged  $11  a  ton  under  the  con- 
trol prices  of  the  government  during  the  war.  .\i  first 
the  prices  seemed  to  many  buyers  to  be  too  high.  .After- 
wards, in   1920,  prices  of   independents  advanced  much 

*Average  of  Steel  Corporation  prices,  independent  prices 
for  forward  delivery  and  independent  prices  for  prompt 
delivery. 


higher,  while  the  Steel  Corporation  held  to  the  Indus- 
trial Board  prices.  Late  in  1920  the  independents  re- 
turned to  the  Steel  Corporation  prices,  so  that  1921 
opened  with  the  steel  market  precisely  at  the  old  Indus- 
trial Board  level.  During  the  year  steel  prices  fell  ap- 
proximately one  cent  a  pound,  and  more  than  three- 
fourths  of  this  decline  occurred  during  the  first  seven 
months  of  the  year. 

As  time  passed  the  perspective  in  which  the  existing 
price  level  of  steel  products  was  viewed  underwent  a 
fundamental  change.  When  prices  first  began  to  decline 
from  the  war  control  they  were  considered  from  the 
viewpoint  of  how  much  they  had  declined.  Men  saw 
only  the  war  prices  and  used  them  as  the  standard. 
There  were  men  who  professed  to  be  shocked  at  the 
temerity  of  anyone  who  thought  of  comparing  prices 
with  those  existing  before  the  war.  In  the  course  of  time 
the  perspective  changed,  and  in  1921  men  had  no  pa- 
tience with  comparisons  showing  how  much  prices  had 
declined.  What  they  were  interested  in  was  the  amount 
by  which  prices  were  higher  than  pre-war  levels.  The 
above  presentation  of  finished  steel  prices  enables  all 
desirable  comparisons  to  be  made.  Steel  prices  in  De- 
cember, 1921,  were  26  per  cent  above  the  10-year  pre- 
war average,  31  per  cent  above  the  1913  average  and  59 
per  cent  above  the  1914  low,  which  was  the  lowest  since 
1898  and  only  a  trifle  above  the  low  point  in  all  the  his- 
tory of  the  steel  industry. 

The  Bureau  of  Labor's  index  number  of  prices  of  all 
commodities  at  wholesale  is  regarded  as  the  best 
weighted  of  all  the  index  numbers,  and  the  bureau's 
practice  of  making  all  its  comparisons  by  reference  to 
the  average  of  1913  fully  sanctions  this  basis.  The  bu- 
reau's inde.x  number  declined  to  about  150  (1913=100) 
by  the  middle  of  1921,  and  hovered  around  that  level 
during  the  second  half  of  the  year.  Correspondingly  fin- 
ished steel  would  stand  at  131,  or  19  points  below  com- 
modities in  general.  Thus  steel  has  carried  its  liquida- 
tion farther  than  other  commodities  on  an  average.  That 
is  not  all  the  story.  There  has  been  liquidation  in  every- 
thing but  freight  rates,  and  freight  rates  are  an  im- 
portant part  of  the  cost  of  making  pig  iron  and  steel. 
The  advance  in  the  freight  rates  that  apply  to  the  iron 
and  steel  industry  was  greater  than  the  advance  in 
freight  rates  in  general.  Handicapped  by  having  a  large 
part  of  its  cost  in  an  entirely  unliquidated  item,  the  steel 
industry  has  gone  beyond  industries  in  general  in  liqui- 
dating its  prices. 

Production. 

Production  of  pig  iron  in  1921  was  approximately 
16,500,000  gross  tons  of  pig  iron  and  a  trifle  less  than 
20,000,000  gross  tons  of  steel  ingots,  the  production  of 
finished  rolled  steel,  in  bars,  shapes,  plates,  pipe,  wire 
rods,  sheets,  etc.,  being  slightly  under  15,000,000  gross 
tons  or  between   16,000,000    and    17,000,000    net    tons. 
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These  estimates  compare  with  officially  reported  produc- 
tion (gross  tons)   as  follows: 

Pig  Iron  Ingots 

1890 9,202,703             4,250,000 

1900 13,789,242  10,000.000 

1910 27,303,567  25,154,089 

1913 30,966,152  30,284,130 

1916 39,434,797  41.401,917 

1917 38,621,216  43,619,200 

1918 39,054,644  43,051,022 

1919 31,015,364  33,694,795 

1920 36,925,897  40,881,392 

1921 16.500.000  19,500,000 

The  steel  market  has  been  quite  accustomed  to  ups 
and  downs.  It  has  required  very  little,  apparently,  in 
the  past  to  send  prices  upward  and  just  as  little  to  send 
them  downwards.  Right  in  the  middle  of  the  industrial 
depression  of  1893  to  1898  the  steel  market  had  a  sharp 
upward  swing,  in  the  latter  part  of  1895,  afterwards 
called  "the  soda-water  rise."  Afterwards,  to  the  open- 
ing of  the  World  War  in  1914,  the  market  had  five  up- 
ward swings  and  as  many  downward  swings.  Each  time, 
when  prices  were  found  to  be  higher  than  buyers  would 
continue  to  support,  it  has  been  sapiently  remarked  in 
the  trade  that  buyers  did  not  have  large  stocks  of  steel. 
hence  it  would  not  take  long  to  readjust — the  buyers 
would  soon  be  back  in  the  market  again.  Each  time  the 
appraisal  was  found  to  be  wrong.  The  buyers  did  have 
large  stocks.  At  the  beginning  of  1921  the  observation 
was  made  with*redoubled  confidence.  Certainly  this  time 
buyers  had  not  loaded  themselves  with  steel,  for  prices 
were  exceptionally,  dangerously  and  discouragingly 
high  in  1920.  It  was  found,  however,  that  if  anything 
the  condition  as  to  stocks  was  worse  than  ever,  for  not 
only  were  there  large  stocks  of  unused  steel  in  the  hands 
of  buyers,  both  jobbers  and  manufacturing  consumers, 
there  were  also  large  stocks  of  manufactured  goods,  of 
tools,  machinery,  agricultural  implements  and  all  sorts 
of  things.  All  these  stocks  had  to  be  liquidated  or  passed 
on  to  the  ultimate  consumer  or  user.  During  the  process 
the  production  of  steel  dropped,  at  about  the  middle  of 
July,  to  less  than  20  per  cent  of  capacity,  a  rate  of  just 
10,000,000  tons  of  ingots  a  year. 

There  is  no  question  that  this  represented  liquidation 
of  material  in  intermediate  hands,  not  a  cessation  of  con- 
sumption by  the  ultimate  user.  The  people  had  not 
stopped  doing  things.  Probably  the  best  general  meas- 
ure of  the  commercial  activity  of  the  country  is  the  bank 
debits  reported  by  the  Federal  Reserve  Board,  the  total 
of  debits  to  individual  accounts  at  banks.  These  debits 
show  the  volume  of  business  being  done.  In  the  four 
weeks  ended  Julv  20,  1921,  the  bank  debits  showed  a  lag 
of  only  19  per  cent  below  the  debits  in  the  same  period 
of  1920.  This  was  the  money  turnover,  and  as  prices, 
salaries,  wages,  dividends,  etc.,  had  increased  more  than 
19  per  cent  the  physical  volume  of  business  was  greater. 
The  production  of  steel  ingots,  by  comparison,  showed 
a  lag  o'f  no  less  than  75  per  cent.  Obviously  the  ulti- 
mate consumption  or  employment  of  steel  did  not  de- 
crease by  three- fourths. 

Details  of  Production. 

The  year  1921  opened  with  production  of  steel  ingots 
at  the  rate  of  29,000,000  tons  a  year.  Except  for  a  sliglit 
recovery  in  May  there  was  a  steady  decline  to  the  10,- 
000,000-ton  rate  of  mid-July.  Then  there  was  a  fairly 
steady  recovery  until  a  rate  of  slightly  over  25.000,000 
tons  was  reached  at  the  end  of  October.     In  the  last  two 


months  of  the  year  there  was  a  slight  tapering  off,  this 
being  merely  a  reflection  of  the  season  of  the  year.  In 
the  closing  months  of  the  year  consumption  or  employ- 
ment of  steel  was,  except  for  seasonal  influences,  at  a 
rate  represented  by  about  25,000,000  tons  of  ingots  a 
year. 

Ordinarily  the  distribution  ot  production  among  the 
different  finishing  branches  of  the  industry  varies  but 
little  from  one  year  to  another,  but  in  1921  the  relative 
tonnage  of  the  various  finished  products  showed  quite 
an  unusual  alignment.  Of  course,  there  have  been  some 
great  variations  over  long  periods.  For  instance,  there 
was  a  heavy  production  of  rails  in  1887,  and  it  was  not 
until  1899  that  as  large  a  production  was  made,  yet 
meanwhile  the  production  of  pig  iron  doubled.  Struc- 
tural shapes  rose  from  practically  nothing  to  a  very 
substantial  tonnage.  In  1906  rod  production  was  half 
the  rail  production,  while  in  1914  rods  passed  rails  and 
have  stayed  ahead  ever  since.  These,  however,  are  long 
range  comparisons. 

The  times  are  unsettled  and  no  one  can  say  just  what 
men  will  be  busy  about  in  future,  so  that  it  is  impos- 
sible to  determine  just  how  abnormal  was  the  distribu- 
tion of  steel  in  the  different  finished  products  in  1921, 
but  taking  the  average  of  the  preceding  10  years  as  a 
standard,  it  may  be  said  that  the  proportion  of  steel  pass- 
ing into  welded  tubular  products,  particularly  oil  coun- 
try goods,  into  sheets  and  into  wire  products,  was  ab- 
normally large,  while  the  proportion  passing  into  bars, 
shapes  and  plates  was  abnormally  small.  The  propor- 
tion of  steel  passing  into  rails  was  practically  normal, 
much  loose  talk  in  and  out  of  the  trade  to  the  contrary 
notwithstanding.  This  point  could  be  dwelt  upon  and 
the  matter  elucidated  in  detail,  but  it  is  not  worth  while 
to  discuss  so  unimportant  a  subject  as  rails.  In  a  nor- 
mal year  the  tonnage  of  rails  required  for  replacements 
on  the  regular  steam  roads  will  approximately  equal  the 
tonnage  of  tin  plate,  a  material  that  sells  for  two  and 
a  half  times  as  much  per  ton  as  rails.  Production  of  tin 
plate  was  relatively  light  in  1921,  not  because  ultimate 
consumption  was  light,  but  because  large  stocks  of  goods 
prepared  in  tin  plate  containers  had  been  carried  over 
from  1920,  partly  because  the  holders  shrank  from  tak- 
ing the  losses  they  were  ultimately  forced  to  accept. 

Barometers  and  Percentages. 

Many  a  true  word  is  spoken  in  jest,  and  this  per- 
haps refers  in  particular  to  a  remark  of  the  late  Josh 
Billings,  that  "It's  a  great  deal  better  not  to  know  so 
many  things  than  to  know  so  many  things  that  ain't  so." 
Also  it  has  been  observed  that  a  little  knowledge  is  a 
dangerous  thing.  This  is  apropos  the  adage  that  "iron 
(or  steel)  is  the  barometer  of  trade"  and  the  continued 
talk  of  the  steel  industry  operating  at  this  or  that  per- 
centage. In  the  last  four  months  of  1921  the  steel  in- 
dustry operated  at  various  rates  between  30  and  50  per 
cent  of  its  capacity.  Men  who  had  been  taught  to  be- 
lieve that  steel  was  the  barometer  and  who  were  told 
that  steel  was  running  at  these  low  percentages  were 
disposed  to  adopt  the  view  that  trade,  or  commerce  in 
general,  was  at  a  very  low  ebb.  Bank  debits,  already 
referred  to  above,  ran  throughout  1921  at  a  lag  of  be- 
tween 15  and  20  per  cent  below  those  of  1920,  while  on 
account  of  the  decrease  in  prices,  salaries  and  wages,  the 
lag  in  total  volume  of  commerce  must  have  been  less  than 
this,  and  probably  showed  an  increase  rather  than  a  lag. 
Men  in  ri-eneral.  however,  have  not  been  taught  to  study 
bank  debits.  Freight  ton-mileage  on  the  railroads,  de- 
spite the  alleged  great  handicap  of  high   freight  rates, 
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was  75  per  cent  as  great  in  the  first  eight  months  of  1921 
as  in  the  first  eight  months  of  1920,  when  lower  freight 
rates  were  in  effect. 

If  steel  were  considered  in  terms  of  tons  instead  of 
terms  of  per  cent  the  index  would  be  more  trustworthy. 
The  percentage  comparison  tacitly  assumes  that  what- 
ever steel  making  capacity  exists  must  operate  substan- 
tially full,  preferably  with  orders  banked  up  and  con- 
sumers waiting  for  deliveries,  or  the  commerce  of  the 
country  is  in  bad  condition.  The  people  of  the  United 
States,  however,  can  do  only  so  much  work.  If  they  do 
more  of  one  kind  they  must  do  less  of  another.  Greater 
results  can  be  accomplished  with  the  same  amount  of 
work  if  efficiency  is  increased  through  improvements  in 
nxethods  and  appliances,  but  on  account  of  the  war  there 
has  been  less  advancement  in  the  past  few  years  than 
formerly.  The  1920  census  showed  an  increase,  over 
1910,  of  9  per  cent  in  the  number  of  persons  gainfully 
employed.  It  is  a  question  whether  the  quantity  of  work 
per  person  increased  at  all.  In  1910,  which  was  a  record 
year  in  its  time,  the  United  States  produced  2.5,154,087 
tons  of  ingots.  A  20  per  cent  increase  in  12  years,  when 
the  number  of  workers  increased  only  9  per  cent  in  ten 
years,  would  make  30,000,000  tons  of  ingots,  and  that 
would  be  a  57  per  cent  operation  of  the  steel  industry. 
The  30,000.000  tons  would  look  good,  the  57  per  cent 
'vould  look  bad. 

The  country  can  call  for  steel  at  such  a  rate  as  will 
require  more  than  a  30.000,000  ton  production  on  either 
of  two  bases:  First,  that  by  increases  in  efficiency  of 
fabrication  and  utilization  more  steel  can  be  handled  bv 


the  same  number  of  persons  than  in  1910;  second,  that 
by  doing  less  work  of  other  descriptions  more  work  can 
be  done  in  using  steel.  There  does  not  seem  to  be  any 
other  method. 

In  the  past  there  have  been  changes  of  both  descrip- 
tions, whereby  the  tonnage  of  steel  has  grown  rapidly. 
Lumber  and  brick  have  been  replaced  by  steel  in  the 
erection  of  buildings.  Just  now  building  trades  labor  is 
engaged  chiefly  in  creeling  garages  and  dwelling  houses, 
which  consume  little  steel  in  proportion  to  the  work  done, 
rather  than  bridges,  factories,  skyscrapers  and  power 
plants,  which  require  a  great  deal  of  steel.  The  railroads 
are  striving  for  greater  freight  moving  capacity  by  in- 
creasing the  efficiency,  moving  a  freight  car  more  miles 
per  day,  rather  than  adding  largely  to  the  number  of  cars 
occupying  tracks.  The  oil  industry  on  the  other  hand  is 
using  steel  very  freely,  for  the  production  of  oil  must 
be  kept  up  and  year  b\'  year  it  requires  more  steel  to 
produce  a  given  quantity  of  oil.  The  labor  involved 
per  ton  of  steel  employed  is  relatively  small. 

The  foregoing  argument  is  very  general  in  character. 
It  is  made,  not  as  a  finality,  but  merely  to  suggest  a  gen- 
eral principle  that  seems  to  be  rarely  recognized.  The 
argument  has  one  loose  end  in  particular.  The  average 
farmer  does  have  some  spare  time,  and  can  consume 
more  steel  than  he  has  consumed  lately,  without  neglect- 
ing other  kinds  of  work,  but  what  the  farmer  does  need 
before  being  in  position  to  consume  steel  freely  is  higher 
prices  for  his  products  or  lower  prices  for  the  things  he 
buvs. 


Review  of  Iron  and  Steel  Literature  for  1921 

A  Classified  List  of  the  More  Important  Books,  Serials  and  Trade 
Publications  During  the  Year,  With  a  Few  of  Earlier  Date,  Not 
Previously  Announced. 

By  E.  H.  McClelland 

Technology    Librarian,    Carnegie    Library    of    Pittsburgh 


THIS,  the  fourth  annual  review  of  the  literature  of 
iron  and  steel  prepared  for  The  Blast  Furnace 
AND  Steel  Plant,  lists  a  greater  number  of  publi- 
cations than  any  preceding  review.  This  is,  in  part,  due 
to  the  increasing  number  of  trade  publications,  many  of 
the  more  meritorious  of  which  have  been  included  in  the 
classified  list  below.  Due  to  the  praiseworthy  efforts  of 
the  manufacturers  issuing  these  publications,  the  litera- 
ture of  the  year  has  been  notably  enriched. 

U'here  possible,  the  works  listed  have  been  person- 
ally examined  by  the  compiler  of  this  review.  Certain 
publications,  however,  were  not  available  and  the  only 
information  regarding  them  was  in  reviews  in  technical 
journals,  which  in  many  cases  failed  to  give  adequate 
data. 

A  few  book  reviews  are  referred  to  below.  Many 
others  are  listed  in  the  Tech.nical  Book  Rcviciv  Index 
published  quarterly  by  the  Carnegie  Library  of  Pitts- 
burgh. 

The  best  guide  to  the  extensive  current  literature  of 
ferrous  metallurgy  is  the  Journal  of  the  Iron  and  Steel 


Institute,  two   recent   volumes   of   which   are   mentioned 
below. 

GENERAL. 

Geology,  Metallurgy,  Testing. 

Aal,  N.  H. — Diagrammes  d'equilibre  de  transforma- 
tion des  aciers  speciaux.  27  pages.  1921.  Gauthier- 
Villars,  Paris. 

Aitchison,  Leslie — Engineering  Steels.  397  pages. 
Macdonald  &  Evans,  London.    25  sh.  net. 

"Briefly  explains  how  this  or  that  steel  is  made;  what  are 
the  special  qualities  and  features  of  the  available  varieties,  with 
their  chemical  proportions,  peculiar  physical  and  mechanical 
properties,  and  how  all  these  factors  contribute  to  the  useful- 
ness of  the  several  grades  or  limit  their  application  to  practical 
ends." — Ironmonger,  Sept.  3,  1921,  p.  100. 

American  Institute  of  Mining  and  Metallurgical  En- 
gineers— Pyrometry.  701  pages.  1920.  The  Institute, 
New  York. 

A  symposium  at  Chicago  meeting,  September,  1919.  Contains 
some  60  papers,  with  considerable  discussion. 
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American  Iron  and  Steel  Institute — Year  Book.  536 
pages.     1921.    The  Institute,  New  York. 

Contains  papers  at  meetings  of  May  and  October,   1920. 

American  Rolling  Mill  Company — Armco  in  Picture 
and  Fact.     1921.    The  Company,  Middletown,  Ohio. 

"A  non-technical  and  pictorial  description  of  the  manufac- 
ture of  iron  and  steel,  and  containing,  besides  general  reference 
data,  computing  tables,  and  other  useful  information,  for  sheet- 
metal  workers." — Iron  and  Coal  Trades  Review,  Sept.  2,  1921, 
p.  304. 

American  Rolling  Mill  Company — Research  and 
Methods  of  Analysis  of  Iron  and  Steel  at  Armco.  Ed.  2, 
220  pages.    1920.    The  Company,  Middletown,  Ohio.   $4. 

Includes  sections  on  corrosion,  magnetic  testing,  and  metal- 
lurgical control,  including  microscopical  and  physical  testing. 

American  Society  for  Testing  Materials — A.  S.  T.  M. 
Standards,  Issued  Triennially.  890  pages.  1921.  The 
Society,  Philadelphia. 

Devotes  378  pages  to  ferrous  metals,  and  has  sections  also  on 
coal  and  coke,  preservative  coatings,  testing  of  metallic  materials, 
and  preparation  of  micrographs. 

Association  of  Iron  and  Steel  Electrical  Engineers — 
Proceedings,  Thirteenth  Annual  Convention,  1920.  700 
pages.     1921.    The  Association,  Pittsburgh.    $5. 

An  important  feature  of  the  present  volume  is  a  symposium 
on  steam-driven  vs.  electrically  driven  mills,  with  charts  of  high 
technical  value. 

Backert.  A.  O.—A  B  C  of  Iron  and  Steel.  Ed.  4. 
408  pages.     1921.     Penton  Publishing,  Co.,   Cleveland. 

$5. 

Collection  of  monographs  by  various  authors.  In  Ed.  4, 
treatment  of  rolling  mill  industry  is  extended,  and  chapters 
are  added  on  manufacture  of  rails,  tubes,  and  tin-plate.  The 
directory  of  steel  works  has  been  revised  and  is  of  great  value. 

BiM0,^.— KohleundEisen.  Ed.  2.  120  pages.  1919. 
Tuelle  &  I\Ieyers,  Leipsic.     250  marks. 

Brooks,  Alfred  H.  and  Ld  Croix.  M.  F. — Iron  and 
Associated  Industries  of  Lorraine,  the  Sarre  District, 
Luxemburg,  and  Belgium.  131  pages.  1920.  (United 
States  Geological  Survey.  Bulletin  703.)  Government 
Printing  Office,  Washington,  D.  C. 

In  addition  to  statistical  and  economic  information,  considers 
geology  and  metallurgy. 

Carnegie  Steel  Company — Blast  Furnace  Slag;  Data 
on  Its  Preparation,  Properties  and  Comlnercial  Uses.  38 
pages.     1921.     The  Company,  Pittsburgh. 

Shows  value  as  concrete  aggregate,  for  ballast,  and  in  road 
construction. 

Carnegie  Steel  Company — General  Statistics  and  Spe- 
cial Treatise  on  Homestead  Steel  Works.  60  pages.  1921. 
The  Company,  Pittsburgh. 

Pamphlet,  illustrating  equipment  and  outlining  processes  at 
Homestead. 

Carnegie  Steel  Company — Industrial  Wheels,  Gear 
Blanks  and  Other  Circular  Forgings.  45  pages.  1921. 
The  Company,  Pittsburgh. 

Comite  des  Forges  dc  France — La  Siderurgie  Fran- 
caise,  1864-1914.    626  pages.     1920.    Paris. 

Copper  Clad  Steel  Company — Aristos  "Copperweld" 
Copper  Clad  Steel  Wire.  99  pages.  1921.  The  Com- 
pany, Rankin,  Pa. 

Dichmann,  Karl — Die  basische  Herdofenprozess.  Ed. 
2.    278  pages.    1920.    Julius  Springer,  Berlin.    50  marks. 

Diirand,  A. — Organisation  et  conduite  des  acieries 
Martin.  Part  I :  Les  Gazogenes.  Libraire  de  L'Usine, 
Paris.     6  francs. 

Reviewed  in  La  Fondcric  Moderne,  Jan.,  1921,  p.  16. 


England — Geological  Survey — Special  Reports  on  the 
Mineral  Resources  of  Great  Britain. 

Vol.  8:  Iron  Ores  (Contd.),  Precarboniferous  and 
Carboniferous  Bedded  Ores  of  England  and  Wales;  by 
Sir  A.  Strahan  and  others.  123  pages.  1920.  7  sh.  6  d. 
net. 

"It  is  here  brought  out  clearly  that  the  production  of  iron 
ore  from  the  coal-measures  is  now  of  trifling  importance,  and 
though  much  smelting  is  still  done  in  the  coal  fields,  this  is  solely 
because  of  the  presence  of  coal  and  not  of  iron  ore." — Geological 
Magazine,  Feb.,  1921,  p.  86. 

England — Research  Department — Effect  of  Over- 
strain on  the  Elastic  Properties  of  Steel.  1920.  (Report 
'No.  45.)  H.  M.  Stationery  Office,  London.  2  sh.  1  d. 
postpaid. 

Gages,  L. — Cours  de  metallurgie.  Ed.  2.  5  vol. 
1920-21.     Librairie  de  I'Enseignenient  Technique,  Paris. 

v.l :     La  fonte.    334  pages.    20  fr. 

v.2 :     Elaboration  des  fers  et  des  aciers.     351  pages. 

V.3  :     Travail  des  fers  et  des  aciers.    431  pages. 

V.4 :  Essais  mecaniques  des  fontes,  des  aciers  et  des 
fers.    320  pages. 

V.5 :  Metallurgie  des  alliages  metalliques  et  des 
metaux  autres  que  le  fer.     432  pages. 

A  comprehensive  work,  vol.  1-2  of  which  were  listed  in  this 
Review   for   1920. 

Galassini,  Alfred — Elementi  di  siderurgia  e  di  tec- 
nologia  meccanica.  669  pages.  1920.  Societa  Tipo- 
grafico,  Turin.     50  lire. 

Geuze,  L. — Traite  theorique  et  pratique  du  lamanage 
du  fer  et  de  I'acier.    Ed.  2.    2  vols.     1921. 
Vol.  1 :     Text.    280  pages. 
Vol.  2:     Plates  (84). 

Hall,  William  T.  and  Williams,  R.  S. — Chemical  and 
Metallographic  Examination  of  Iron,  Steel  and  Brass. 
501  pages.     1921.     McGraw-Hill  Book  Co.,  New  York. 

$5. 

A  selection  of  rapid  and  accurate  chemical  methods  occupies 
the  greater  part  of  the  book.  Some  30  pages  are  devoted  to 
electrometric  methods  and  about  100  pages  to  metallography  of 
iron  and  steel. 

Horner.  J.  G. — Smithing  and  Forging.  1921.  Em- 
mott  &  Co.,  London.     8  sh.  6  d. 

Hoyt.  Samuel  E. — Metallography.  Part  2:  The 
Metals  and  Common  Alloys.  462  pages.  1921.  Mc- 
Graw-Hill Book  Co.,  New  York. 

Part  2  describes  metals  and  alloys,  devoting  297  pages  to 
"Steel  and  Cast  Iron"  and  "Special  .Steels."  Part  1  deals  with 
"Principles,"  and  Part  3  (in  preparation)  with  "Technical  Prac- 
tice." 

hutitution  of  Automobile  Engineers — Report  of  the 
Steel  Research  Committee  Founded  by  the  Institution  of 
Automobile  Engineers  and  the  Society  of  Motor  Manu- 
facturers and  Traders  on  an  Investigation  Conducted 
to  Establish  the  Mechanical  Properties  of  the  British 
Standard  Wrought  Automobile  Steels,  and  Factors  Gov- 
erning Testing  Procedure  in  Connection  Therewith.  72 
pages.    1920.    The  Institution,  Sheffield.    32  sh. 

Deals  with  ten  standard  automobile  steels. 

Iron  and  Steel  Institute — Journal.  Vol.  102.  423 
pages.  1920.  Vol.  103.  524  pages,  1921.  The  Insti- 
tute, London. 

Containing  original  papers  on  ferrous  metallurgy  and  numer- 
ous abstracts  of  the  current  literature  in  all  languages. 

Moldenke,  Richard — Charcoal  Iron     64  pages.     1920. 
Salisbury  Iron  Corporation,  Lime  Rock.  Conn. 
History  and  metallurgical  information. 
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Pickands,  Mother  &  Company — Cargo  Analyses ; 
Lake  Superior  Iron  Ores,  for  Season  1920.  19  pages. 
1921.    The  Company,  Cleveland. 

Portcvin,  A. — Pyometrie,  Cementation.  1920. 
Charles  Lavauzelle,  Paris. 

Prcuss,  E. — Die  praktische  Nutzanwendimg  der 
Pruefung  des  Eisens  durch  Aetzverfahren  und  mit  Hilfe 
des  Mikroskops.  Ed.  2.  131  pages.  1921.  Julius 
Springer,  Berlin. 

Roesler,  Max — Iron  Ore  Resources  of  Europe.  152 
pages.  1921.  Government  Printing  Office.  Washington, 
D.  C.     (United  States  Geological  Survey.     Bulletin  706.) 

Accompanied   by   maps.     Bibliography   of  25   pages. 

Salter.  K. — Leitfaden  der  Huettenkunde  fuer  Mas- 
chinentechniker.     1920.     Julius  Springer,  Berlin. 

Spurr,  J.  E.,  ed. — Political  and  Commercial  Geology, 
and  the  World's  Mineral  Resources ;  a  Series  of  Studies 
by  Specialtists.  562  pages.  1920.  McGraw-Hill  Book 
Co.,  New  York.     $5. 

Technical  and  economic  study.  Has  a  chapter  of  some  35 
pages  on  iron,  and  chapters  on  the  various  metals  employed  in 
alloy  steels.     A  very  valuable  book. 

Stainless  Steel;  Its  Properties  and  Uses.  1921. 
Brown  Bayley's  Steel  Works,  Ltd.,  Sheffield,  England. 

Pamphlet  for  the  assistance  of  those  interested  in  manufac- 
turing wares  of  stainless  steel.  Gives  composition  and  properties 
of  several  brands,  considering  also  Brearley's  "stainless  iron." 

Standard  Alloys   Company — Uranium    in    Steel.     32 

pages.     1921.     The  Company,  Pittsburgh. 

Discusses  uranium,  its  influence  on  steel,  analytical  methods, 
and  physical  tests  of  uranium  steel. 

Steel  Company  of  Canada,  Ltd. — Standard  Specifica- 
tions.   84  pages.     1920.     The  Company,  Hamilton,  Ont. 
Reprint    of    various    specifications    of    American    Society    for 
Testing  Materials.  Lloyd's  Register,  Master  Car  Builders'  Asso- 
ciation and  Manufacturers'  Standards. 

Tafel,  Wilhelm — Walzen  and  Walzenkalibrieren.  228 
pages.     1921.     Wilh.  Ruhfus.  Dortmund.     S2.25. 

Theoretical  work,  with  161  illustrations  and  8  folding  plates. 
Reviewed  in  Bl.^st  Furnace  and  Steel  Plant.  Sept.,  1921,  p. 
570. 

United  States  Steel  Corporation — Chemists'  Com- 
mittee— Methods  of  the  Chemists  of  the  United  States 
Steel  Corporation  for  the  Sampling  and  Analysis  of 
Ferro-Alloys  and  Bearing  Metals.  71  pages.  cl920. 
J.  M.  Camp,  Carnegie  Building,  Pittsburgh. 

Van  Dyke.  G. — Shop  Handbook  on  Alloy  Steels ;  a 
Technical  Subject  Treated  in  a  Non-Technical  \\'ay.  95 
pages.     1921.    Joseph  T.  Ryerson  &  Son.  Chicago. 

Useful  manual  by  manager,  Special  Steel  Department.  Out- 
lines manufacture,  gives  suggestions  for  use  of  alloy  steels  and 
includes  certain  specifications  and  tables. 

Verein  Deutscher  Eisenhuettenleitte. — Gemeinfass- 
liche  Darstelling  des  Eisenhuettenwesens.  Ed.  11.  594 
pages.     1921.    Vertag  Stahleisen,  Dusseldorf.    60  marks. 

Vulcan  Crucible  Steel  Company — High   Grade  Tool 
Steels  and  Special  Steels.    94  pages  n.  d.    ( Catalogue  No. 
6.)     The  Company,  .\liquippa.  Pa. 
Gives  suggestions   for  use. 

IVillem,  Jules — Traite  elementaire  de  metallurgie  et 

de   technologic   metallurgique.      New.    ed.    revised.      365 

pages.     1920.     P.  Martino,  Seraing,  France.    30  fr.  75. 

Greater  part  is  devoted  to  ferrous  metallurgy.  Contains  fold- 
ing plates. 

IVuest,  Fritn.  ed. — Mitteilung  aus  dem  Kaiser- 
Wilhelm-Institut    fuer   Eisenforschung   zu    Duesseldorf. 


1920.    Verlag  Stahleisen,  Duesseldorf. 
Economics  and  Statistics. 

American  Hardware  Jobbers'  Directory  of  the 
United  States  and  Canada,  and  Trade  Name  Index. 
Seventh  annual  edition.  268  pages.  1920.  E.  G.  Baltz, 
Pittsburgh.    $2.50. 

Cotter,  Arundel — United  States  Steel ;  a  Corporation 
With  a  Soul.  312  pages.  Doubleday,  Page  &  Co.,  Gar- 
den City,  N.  Y.    $3  net. 

Revision  and  enlargement  of  author's  "Authentic  History  of 

the  United  States  Steel  Corporation."     1916. 

Grabe,  Alf.,  camp. — Iron  and  Steel  in  Sweden.  183 
pages.  1921  ?  Swedish  Chamber  of  Commerce  in  the 
United  States,  New  York. 

Information  regarding  iron  and  steel  and  their  products  avail- 
able for  export. 

Lloyd,  D.  W.  and  Barnett,  A.  P..  ed. — Business  Pros- 
pects Year  Book.  1921.  Business  .Statistics  Co.,  Car- 
diff.    10  sh.  net. 

British  annual,  summarizing  the  business  outlook  in  vari- 
ous industries,  including  iron  and  steel. 

Metal  Statistics.  Ed.  14.  560  pages.  1921.  Amer- 
ican Metal  Market  Co.,  New  York.    $1. 

A  valuable  annual,  characterized  by  promptness  in  appear- 
ance, and  by  concise  arrangement.  Presents  an  immense  amount 
of  statistical  information  on   ferrous  and  non-ferrous  metals. 

Mineral  Industry  During  1920.  907  pages.  1921. 
McGraw-Hill  Book 'Co.,  New  York.    $10. 

Section  on  iron  and  steel  by  E.  F.  Cone  contains  statistics 
and  review  of  technical  progress  during  1920. 

Northern  Coal,  Iron  and  Steel  Companies.  Business 
Statistics  Co.,  Cardiff.     1  sh.  8  d.  postpaid. 

Annual  booklet,  giving  financial  statistics  of  British  com- 
panies.    Primarily  for  the  investor. 

Pawloivski,  Auguste — La  Metallurgie  du  fer  dans  le 
nord  et  I'est  envahis;  hier,  aujourd'hui,  demain.  288 
pages.     1920.     L'Information  Universelle,  Paris. 

Reviewed  in  La  Nature,  March  19.  1921,  sup.  p.  96. 

Peters,  Richard,  Jr. — Two  Centuries  of  Iron  Smelting 
in  Pennsylvania.  79  pages.  1921.  Pulaski  Iron  Co., 
Philadelphia. 

Valuable  historical  information. 

Pothmann.  JVilhelin — Zur  Frage  der  Eisen-  und 
Manganerzversorgung  der  deutschen  Industrie.  312 
pages.     1920.    24  marks. 

Revewed  in  Stalil  uiid  Eisen,  October  21,  1920,  p.  1430. 

South  Wales  Coal  and  Iron  Companies.  1921.  Busi- 
ness Statistics  Co.,  Cardiff.    2  sh.  6  d.  postpaid. 

British  booklet,  published  annually.  Financial  statistics  of 
companies,  primarily  for  investors. 

Coke. 

Biddulph-Smith,  Thomas — Coke-Oven  and  By-Prod- 
uct  W'orks  Chemistry.  180  pages.  1921.  Charles  Grif- 
fin &  Co.,  London.    21  sh.  6  d. 

Concise  British  manual  for  chemical  control  of  plants. 

Carnegie  JJbrary  of  Pittsburgh — By-Product  Cok- 
ing; References  to  Literature,  May  1915-june  1921,  Sup- 
plementing a  List  Compiled  in  the  Technology  Depart- 
ment and  Published  in  the  Monthly  Bulletin  of  the  Li- 
brary, May,  1915.  18  pages.  1921.  The  Library. 
Pittsburgh. 

Mimeograph   copy. 

Christopher.  J.  E.  and  Byrom,  T.  H. — Modern  Cok- 
ing Practice.  Ed.  3.  2  vol.  Crosby,  Lockwood  &  Son, 
London.    $8. 
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Vol.    1  :     Raw  Materials  and  Coke.     130  pages. 

Vol.  2 :     By-Products.     130  pages. 

Daniels,  Joseph — The  Coking  Industry  of  the  North- 
west. 35  pages.  1920.  University  of  Washington, 
Seattle.  (Engineering  Experiment  Station  Series.  Bul- 
letin 9.) 

Deals  especially  with  the  industry  in  Washington  and  British 
Columbia,  and  with  undeveloped  resources  of  Oregon  and 
Alaska. 

Electric  Furnace. 

Borchcrs,  Wilhclm — Die  elektrische  Ofen.  Ed.  3. 
289  pages.     Wilhelm  Knapp,  Halle  a.  Saale. 

Dickmann,  Herbert — Bibliographie  ueber  die  Darstel- 
lung  des  Roheisens  im  elektrischen  Ofen.  15  pages. 
1921.     Verlag  Stahleisen,  Duesseldorf.     6  marks. 

Includes  literature  in  books  and  journals,  1899-1920.  Re- 
viewed in  Stahl  tind  Eisen,  Aug.  18,  1921,  p.  1169. 

Electric  Furnace  Association — Refractories  for  Elec- 
tris  Furnaces.  80  pages.  1921  ?  The  Association,  Nia- 
gara Falls,  N.  Y. 

Papers  and  discussions  at  meeting  of  Oct.  6,  1920. 

Escard,  Jean — L'Electrometallurgie  du  fer  et  de  ses 
alliages.  811  pages.  1920.  Dunod  &  Pinat,  Paris.  45 
francs. 

Discusses  the  electric  furnace  in  steel  manufacture  and  in 
the  foundry;  ferro-alloys;  electrolytic  iron;  electric  welding  and 
heat  treatment;  and  electromagnetic  treatment  of  ores. 

Moissan,  Henri — Electric  Furnace ;  translated  by 
Victor  Lenher.  Ed.  2.  313  pages.  920.  Chemical  Pub- 
lishing Co.,  Easton,  Pa. 

"This  is  a  second  edition  of  the  translation  of  the  author's 
Le  Four  Blectrique,  Paris,  1897,  the  first  edition  having  ap- 
peared in  1904.  No  attempt  has  been  made  to  add  in  any  way 
to  the  text  of  the  original  French  edition."— American  Journal  of 
Science,  April,   1921,  p.  367. 

Pritig,  J.  N. — The  Electric  Furnace.  485  pages. 
1921.     Longmans,  Green  &  Co.,  New  York.    $10.50. 

Fairly  technical  work  covering  general  field,  but  devoting 
some  200  pages  to  production  of  iron,  steel,  and  ferro-alloys, 
and  consideration  of   furnace  refractories. 

Foundry  Practice. 

The  American  Foundrymen's  Association,  co-oper- 
ating with  the  National  Research  Council,  has  published 
in  mimeograph  form  a  bibliography  of  82  pages  on  "Re- 
fractories Used  in  Foundries"  (October,  1921),  and  one 
of  56  pages  on  "Natural  and  Synthetic  Foundry  Sands 
and  Clays  and  Employment  of  Greater  Proportions  of 
Used  Sand  in  Molding  and  Core-Making  Operations" 
(September,  1921). 

Carman,  Edwin  S. — Foundry  Moulding  Machines 
and  Pattern  Equipment.  Ed.  2.  225  pages.  cl920. 
Penton  Publishing  Co.,  Cleveland.     $5. 

Excellent  practical  guide  to  the  use  of  various  types  of  mold- 
ing machines,  and  the  pattern  and  flask  equipment  necessary  for 
their  use.     Of  value  to  everyone  interested  in  foundry  practice. 

Duponchclle,  J. — Comment  on  pratique  la   fonderie. 
500  pages.     Dunod  &  Pinat,  Paris.     52  francs. 
Reviewed  in  La  Fonderie  Moderne,  April,  1921,  p.  86. 

Farrell-Cheek  Steel  Foundry  Company — Illustrated 
Story  of  a  Farrell-Cheek  Steel  Casting.  41  pages.  1921. 
The  Company,  Sandusky,  Ohio. 

Irrcsberger,  Carl — Die  FormstoiTe  der  Eisen-  und 
Stahlgiesserei ;  ihr  Wesen,  ihre  Pruefung  und  Aufberei- 
tung.  245  pages.  1920.  Julius  Springer,  Berlin.  24 
marks. 

McCracken,  Edward  M.  and  Sampson,  C.  H. — Pat- 


tern-Making.    Ill  pages.     1921.     D.  Van  Nostrand  Co., 
New  York.    $2. 

Manuel  complet  du  fondeur  en  fer  et  en  cuivre.  New 
ed.    2  vols.     L.  Mulo,  Paris.    9  francs,  unbound. 

Osann,  Bcrnhard — Lehrbuch  der  Eisen-  und  Stahl- 
giesserei. Revised  and  enlarged.  1920.  W.  Engelmann, 
Leipsic. 

Reviewed  in  Feuerungstechnik,  March  IS,  1921,  p.  110. 

Pitt,  George  J.— Iron  Foundry  Practice.  1921  ?  Cas- 
sell  &  Co.,  London.    6  sh.  net. 

Author  is  instructor  in  iron  founding,  Sydney  Technical 
College,  New  South  Wales. 

Schott,  Ernst  A. — Die  Metallgiesserei.  Ed.  2,  re- 
vised and  enlarged.  397  pages  B.  F.  Voigt,  Leipsic. 
37.50  marks. 

Reviewed  in  Stahl  und  Eisen,  Oct.  28,  1920,  p.  1469. 

Schott,  Ernst  A.  and  Einenkel,  A. — -Giesserei-Ma- 
terialkunde.  331  pages.  1920.  Hermann  Meusser, 
Berlin.     48  marks. 

Detailed  consideration  of  foundry  practice  with  ferrous  and 
non-ferrous  metals,  fuels  and  foundry  accessories;  and  chem- 
ical, physical  and  metallographic  testing. 

Shaw,  Ben,  and  Edgar,  James — Foundrywork.  115 
pages.    1921.    Sir  Isaac  Pitman  &  Sons,  New  York.    $1. 

Brief,  elementary  guide  to  methods  in  iron  and  brass  foun- 
dries.    Based  on  British  practice. 

Shaw,  Ben,  and  Edgar,  James — Patternmaking.  108 
pages.     1921.    Sir  Isaac  Pitman  &  Sons,  New  York.    $1. 

Trciber,  E. — Giessereimaschinen.  1920.  Gruyter  & 
Co.,  Berlin.     2.10  marks. 

Fuel  and  Refractories. 

Prion — Le  chauffage  au  charbon  pulverise.  32  pages. 
1921.     Chaleur  &  Industrie,  Paris. 

Larcheveque ,  Marc — Terres  refractaires.  Ed.  2.  76 
pages,  n.  d.     G.  &  M.  Marin,  Vierzon,  France. 

Considerable  information  about  composition  and  properties 
of  refractory  clays  and  sands.     Little  attention  to  applications. 

Muenzinger,  P. — Kohlenstaubfeuerungen  fuer  orts- 
feste  Dampfkessel.  124  pages.  1921.  Julius  Springer, 
Berlin.    24  marks. 

Refraetories  Manufacturers  Association — Brands  of 
Fire  Brick  and  Other  Refractories.  Ed.  3.  40  pages. 
1921.  (Frederic  W.  Donahoe,  840  Oliver  Building,  Pitts- 
burgh.) 

An  alphabetical  list  of  brand  and  trade  names  with  the 
manufacturer  of  each,  and  an  alphabetical  list  of  manufacturers 
with  the  brands  manufactured. 

Sexton,  A.  Humboldt — Fuel  and  Refractory  Mate- 
rials ;  Revised  and  Enlarged  by  W.  B.  Davidson.  382 
pages.     1921?    Blackie  &  Son,  London.     12  sh.  6  d.  net. 

Contains  much  new  matter,  the  chapter  on  by-products  hav- 
ing been  practically  rewritten,  with  considerable  attention  to  low- 
temperature  carbonization. 

Heat  Treatment. 

Brcarley,  Harry — Case-Hardening  of  Steel;  an  Illus- 
trated Exposition  of  the  Changes  in  Structure  and  Prop- 
erties Induced  by  Cementation  and  Allied  Processes. 
Ed.  2.  207  pages.  1921.  Longmans,  Green  &  Co.,  New 
York.     $6. 

Valuable  practical  work. 

Brearley,  Harry — Le  traitement  thermique  des  aciers 
a  outils;  translated  by  Navant.  Libraire  Loubat  &  Cie, 
Paris. 

Colvin,  Fred  H.  and  Juthe,  K.  A. — The  Working  of 
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Steel ;  Annealing,  Heat  Treating  and  Hardening  of  Car- 
bon and  Alloy  Steel.  245  pages.  1921.  McGraw-Hill 
Book  Co.,  New  York.    $3. 

Authors  are,  respectively,  editor  of  American  Machinist,  and 
Chief  Engineer  of  American  Metallurgical  Corporation.  Well 
written. 

Driver-Harris  Company — Case  Carbonizing.  Ill 
pages.     1920.    The  Company,  Harrison,  N.  J. 

Discusses,  also,  cyanide  hardening,  gas  hardening,  lead  tem- 
pering, and  the  properties  and  uses  of  "Nichrome." 

England — Research  Department — Heat  Treatment  of 
Carbon  Gun  Steels.  1920.  (Report  No.  48.)  H.  M. 
Stationery  Office,  London.    6  sh.  8  d.  postpaid. 

England — Research  Department — Heat  Treatment  of 
Nickel  Gun  Steel.  1921.  (Report  No.  49.)  H.  M.  Sta- 
tionery Office,  London.     3  sh.  7^  d.  postpaid. 

Supplementary  to  Report  No.  9,  which  had  reference  to  time 
and  temperature  of  tempering.  Present  report  deals  chiefly 
with  microstructure  as  related'  to  heat  treatment,  and  effect  of 
various  rates  of  cooling  through  the  critical  range. 

Giolitti,  Federico—Htat  Treatment  of  Soft  and  Me- 
dium Steels;  Theory  and  Practice  of  the  Preliminary 
Heat  Treatments  to  Give  Maximum  Toughness  to  Steels 
Used  for  Machine  Parts ;  translated  by  E.  E.  Thum  and 
D.  G.  Vernaci.  374  pages.  1921.  McGraw-Hill  Book 
Company,  New  York. 

Much  hitherto  unpublished  information. 

Guillet,  L. — La  trempe  et  le  revenu  des  produits 
metallurgiques.  264  pages.  1921.  Octave-Doin  et  Fils, 
Paris.    6  francs. 

Reviewed  in  La  Nature,  April  23,  1921,  sup.  6.  136. 

Millett,  Kenneth  B. — Cooling  of  Quenching  Oil  in 
the  Heat  Treatment  of  Steel.  29  pages.  1921.  Gris- 
com-Russell  Co.,  New  York. 

Discusses  various  quenching  mediums  and  describes  Griscom- 
Russell  cooling  equipment. 

Hygiene. 

Brundage,  Dean  K. — Diseases  Prevalent  Among 
Steel  Workers  in  a  Pennsylvania  City.  14  pages.  1921. 
Govermnent  Printing  Office,  Washington,  D.  C.  (Public 
health  reports.     Reprint  632.) 

Forms  pages  3163-3171  of  report  for  December  31,  1920. 

England — Industrial  Fatigue  Research  Board — Fa- 
tigue and  Efficiency  in  the  Iron  and  Steel  Industry ; 
Summary  of  Contents  of  Report  No.  5  of  the  Industrial 
Fatigue  Research  Board.  1921?  H.  M.  Stationery  Of- 
fice, London.    3  sh. 

Based  on  investigations  of  numerous  iron  and  steel  works 
in  England,  Scotland  and  Wales.  As  a  result  of  reduction  from 
12-hour  to  8-hour  shifts  open  hearth  production  increased  two 
to  nine  per  cent,  but  there  was  no  change  in  output  of  blast 
furnaces  and  rolling  mills. 

UNITED  STATES  BUREAU  OF  STANDARDS 
PUBLICATIONS. 

Certain  1920-21  publications  of  the  United  States 
Bureau  of  Standards  likely  to  interest  chemists  and 
metallurgists  in  the  steel  industry  are  grouped  together 
belov/  for  economy  of  space.  They  may  be  obtained 
from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C. 

Circulars. 

No.  26 — Analyzed  Iron  and  Manganese  Ores ;  Meth- 
ods of  Analysis.    Ed.  4.    20  pages.     1921.    5  cents. 

No.  42 — Metallographic  Testing.  Ed.  2.  11  pages. 
1921.    5  cents. 


Scientific  Papers. 

No.  376 — Chemical  Ranges  of  Some  Commercial 
Nickel  Steels,  by  Howard  Scott.  195-214  pages.  1920. 
5  cents. 

No.  395 — Relation  of  the  High-Temperature  Treat- 
ment of  High-Speed  .Steel  to  Secondary  Hardening  and 
Red  Hardness,  by  Howard  Scott.  521-536  pages.  1920. 
10  cents. 

No.  396 — Thermal  and  Physical  Changes  Accom- 
panying the  Heating  of  Hardened  Carbon  Steels,  by 
Howard  Scott  and  H.  Gretchen  Movius.  537-556  pages. 
1920.    5  cents. 

No.  397 — A  Study  of  the  Relation  Between  the 
Brinell  Hardness  and  the  Grain  Size  of  Annealed  Car- 
bon Steels,  by  Henry  S.  Rawdon  and  Emilio  Jimeno- 
Gil.     557-593  pages.     1920.     10  cents. 

No.  402 — Use  of  Ammonium  Persulphate  for  Reveal- 
ing the  Macrostructure  of  Iron  and  Steel,  by  Henry  S. 
Rawdon.     715-723  pages.     1920.     5  cents. 

No.  404 — Magnetic  Reluctivity  Relationship  as  Re- 
lated to  Certain  Structures  of  a  Eutectoid-Carbon  .Steel, 
by  C.  Nusbaum,  W.  L.  Cheney  and  H.  Scott.  739-757 
pages.     1920.     5  cents. 

No.  408 — Effect  of  the  Rate  of  Cooling  on  the  Mag- 
netic and  Other  Properties  of  an  Annealed  Eutectoid 
Carbon  Steel,  by  C.  Nusbaum  and  W.  L.  Cheney.  65-78 
pages.     1921.     5  cents. 

Technologic  Papers. 

No.  165 — Enamels  for  Sheet  Iron  and  Steel,  by  J.  B. 
Shaw.    88  pages.    1920.    5  cents. 

No.  72 — Cast  Iron  for  Locomotive  Cylinder  Parts, 
by  C.  H.  Strand.     25  pages.     1920.     10  cents. 

No.  178 — Steel  Rails  from  Sink-Head  and  Ordinary 
Rail  Ingots,  by  George  K.  Burgess.  61  pages.  1921.  20 
cents. 

No.  179— Electric- Arc  Welding  of  Steel:  1.  Prop- 
erties of  the  Arc-Fused  Metal,  by  H.  S.  Rawdon,  E.  C. 
Grossbeck  and  L.  Jordan.    63  pages.     1921.     15  cents. 

Chronological  bibliography,  52  references. 

No.  191- — Some  Factors  Affecting  the  Life  of  Ma- 
chine-Gun  Barrels,  by  W.  W.  SveshnikofT.  27  pages. 
10  cents. 

No.  192 — Tests  of  Centrifugally  Cast  Steel,  by 
George  K.  Burgess.     22  pages.     1921.     10  cents. 


CAMDEN  IRON  WORKS  SOLD. 

The  Birdsboro  Steel  Foundry  &  Machine  Co., 
Birdsboro,  Pa.,  has  purchased  from  the  receivers  of 
the  Camden  Iron  Works,  Camden,  N.  J.,  all  patent 
rights,  patterns,  etc.,  used  in  the  manufacture  of  hy- 
draulic tools  and  high-pressure  valves.  The  Camden 
Iron  Works  has  sold  for  many  years  through  R.  D. 
Wood  &  Co.  of  Philadelphia  and  others.  The  purchase 
of  the  Birdsboro  Steel  Foundrj^  &  Machine  Co.  includes 
the  machinery,  jigs,  templets,  etc.,  required  for  the 
production  of  operating  valves  and  all  stock  which  was 
in  process  of  manufacture  at  the  time  of  purchase. 
This  deal  places  the  Birdsboro  Steel  Foundry  &  Ma- 
chine Co.  in  a  position  to  supply  hydraulic  equipment 
of  every  character. 

A  part  of  the  plant  of  the  Camden  Iron  Works  has 
been  purchased  by  the  U.  S.  Cast  Iron  Pipe  &  Foundry 
Co.,  Philadelphia. 
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Progress  in  Iron  and  Steel  Metallurgy 

General  Improvements  Shown  in  the  Sintering  of  Ore,  Open 
Hearth  Furnace  Construction  and  in  the  Treatment  of  Steel 
Products — Electric  Furnace  Standardized. 

By  J.   M.   HALL* 


TO  OPERATORS  of  blast  furnaces  perhaps  the  most 
interesting  developments  during  the  year  1921  are 
the  experiments  carried  out  in  Canada  on  the  smelt- 
ing of  Titaniferous  iron  ores,  and  the  continued  prog- 
ress in  the  development  of  the  great  project  for  concen- 
trating and  sintering  the  lean  iron  ores  of  the  East 
Mesabi  district. 

Heretofore  in  the  smelting  of  Titaniferous  iron  ores 
the  titanium  has  been  considered  an  acid  and  lime  has 
been  used  as  in  ordinary  practice.  .\s  titanium  is  neu- 
tral or  amphoteric  (i.  e.,  its  oxide  will  take  the  place 
either  of  an  acid  or  of  a  base  in  a  slag),  it  is  possible  to 
use  silica  instead  of  lime  as  a  flux  for  these  ores.  In  the 
experiments  above  mentioned  this  was  done,  and  the  re- 
sults secured  are  said  to  have  been  very  encouraging  and 
the  slags  in  every  way  satisfactory.  Should  further  trials 
confirm  the  results  of  the  preliminary  experiments,  a 
vast  amount  of  iron  ore  containing  titanium  as  well  as 
silica  will  be  made  available. 

As  is  well  known  to  readers  of  The  Blast  Furnace 
AND  Steel  Plant,  the  Mesabi  Iron  Company  controls 
an  area  of  12  to  15  square  miles  of  territory  in  the  East- 
ern Mesabi  district,  in  which  lies  a  vast  deposit  of  lean 
iron  ore  which  is  being  developed  on  an  enormous  scale. 
These  ores  are  to  be  crushed,  concentrated  by  magnetic 
methods  and  sintered.  Already  the  first  unit  of  the  sin- 
tering plant  has  been  constructed  with  a  capacity  of  1,000 
tons  of  sinter  in  24  hours.  The  ultimate  capacity  of  the 
plant  is  to  be  30,000  tons  of  sinter  per  day.  The  product 
is  already  on  the  market. 

In  steel  works  practice  ven,'  radical  changes  are  being 
made  in  the  construction  of  the  ports  of  open  hearth 
furnaces  with  a  view  to  increasing  the  life  of  the  port, 
speeding  up  the  operation  of  the  furnace  and  burning 
by-product  coke  oven  gas  more  satisfactorily  than  has 
been  possible  heretofore.  It  is  especially  noteworthy 
that  after  a  long  period  in  which  very  little  change  has 
been  made  in  the  design  of  open  hearth  furnaces  radical 
departures  in  design  should  be  proposed  and  successfully 
tried  out  by  at  least  two  independent  inventors. 

At  the  plant  of  the  Brier  Hill  Steel  Company  tlie 
Egler  design  has  been  tried  out  for  producer  gas.  In 
this  type  of  furnace,  positive  pressure  by  means  of  a 
blower- is  applied  to  both  air  and  gas.  The  latter  conies 
up  a  flue  at  the  extreme  end  of  the  furnace  in  a  position 
corresponding  to  that  of  the  air  flue  in  the  old  design. 
This  flue  is  turned  downward  to  form  the  port  in  the 
usual  manner,  but  the  air  is  brought  up  a  flue  placed  be- 
tween the  gas  flue  and  the  hearth  of  the  furnace  in 
such  a  manner  that  the  air  rises  vertically  into  the  gas 
flue  some  distance  back  of  the  mouth  of  the  port.  The 
gas  and  air  are  intimately  mixed  before  leaving  the  port, 

The  author  is  metallurgist  for  the  Taylor-Wharton  Iron 
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and  the  flame  is  introduced  into  the  furnace  very  much 
in  the  manner  of  the  flame  of  a  blow  torch.  It  is  said 
that  the  port  temperatures  are  not  unduly  high,  and 
that  the  roof  is  protected  by  a  siriall  moving  body  of  air 
which  is  furnished  by  the  small  excess  supplied  over 
that  needed  for  combustion. 

In  addition  to  the  flues  mentioned,  there  are  two 
auxiliary  flues  at  each  end  of  the  furnace  leading  to  the 
checkers  which  can  be  closed  at  will  by  means  of  water 
cooled  mushroom  valves.  In  the  end  of  the  furnace 
where  the  flame  is  entering,  these  flues  are  closed  while 
those  at  the  discharge  end  are  opened.  In  this  manner 
the  rate  of  flow  of  the  producers  of  combustion  is  de- 
creased at  the  discharge  end  of  the  furnace.  A  very 
high  hearth  temperature  and  very  perfect  transmission 
of  the  heat  to  the  bath  has  been  secured,  and  the  output 
of  the  furnace  has  been  very  high.  Furnaces  have  been 
designed  also  for  burning  coke  oven  gas,  natural  gas,  oil 
and  tar. 

The  McKune  design  was  first  tried  out  for  the  burn- 
ing of  by-product  coke  oven  gas  in  the  plant  of  the  Steel 
Company  of  Canada.  In  general  the  principle  adopted  is 
very  similar  to  that  of  the  Egler  design  inasmuch  as 
both  types  are  designed  to  slow  down  the  products  of 
combustion  at  the  outgoing  end  of  the  furnace. 

In  the  furnace  as  built  there  are  three  vertical  flues 
leading  up  from  the  well  in  front  of  the  checkers.  As 
in  the  Egler  design,  two  of  these  flues  are  closed  at  the 
incoming  end  of  the  furnace  by  suitable  dampers ;  the 
corresponding  pair  at  the  outgoing  end  are  left  open. 
The  air  at  the  incoming  end  is  introduced  under  a  blower 
pressure  of  about  6  ounces  and  comes  up  the  central 
flue,  which  turns  over  to  form  the  port.  The  gas  is  intro- 
duced through  pipes  on  each  side  of  the  center  port  at 
right  angles,  and  is  very  thoroughly  mixed  with  the  air 
and  burns  completely  in  the  first  10  feet  of  the  hearth. 
The  results  secured  are  quite  as  encouraging  as  those 
at  Brier  Hill. 

At  the  South  Chicago  works  of  the  Steel  Corpora- 
tion, what  is  called  the  Venturi  line  furnace  has  been 
developed  and  tried  out,  the  general  design  being  more  or 
less  on  the  McKune  principle.  Producer  gas  is  burned 
and  the  furnace  is  under  induced  fan  draft  to  take  care 
of  the  waste  heat  boilers.  The  port  area  is  decreased  by 
lowering  the  roof  knuckles  and  moving  the  wing  walls 
in  such  a  way  as  to  give  a  restricted  opening  in  two 
planes.  In  addition,  the  mouth  of  the  gas  port  is  moved 
about  three  feet  back  of  the  point  of  greatest  restric- 
tion so  that  a  channel  exists  where  air  and  gas  mix  after 
leaving  the  mouth  of  the  port  proper  and  before  enter- 
ing the  hearth.  This  design  has  resulted  in  improved 
life  of  the  gas  port  or  block,  and  in  better  operation  of 
the  furnace. 

At  the  same  plant  a  combination  of  the  McKune  and 
Venturi  line  designs  is  being  worked  out  in  which  water 
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cooled  dampers,  one  on  either  side  of  the  gas  port,  take 
the  place  of  the  knuckles  in  the  side  wall  in  the  original 
Venturi  line  design.  In  operation  these  dampers  are 
lowered  into  position  at  the  incoming  end  of  the  fur- 
nace and  raised  at  the  outgoing  end,  giving  an  area  of 
13  square  feet  where  the  products  of  combustion  leave 
the  hearth.  The  air  is  forced  in  by  a  fan  and  as  the 
furnace  has  waste  heat  boilers,  induced  draft  is  used  at 
the  stack  end.  The  results  secured  in  improved  opera- 
tion of  the  furnace  and  increased  output  have  been 
highly  encouraging. 

In  electric  furnace  work  the  most  striking  develop- 
ment of  the  year  has  been  the  successful  starting  up  of 
the  40-ton  Heroult  electric  furnaces  in  the  government 
armor  plate  plant.  These  furnaces  are  round  with  a  shell 
18  ft.  in  diameter  and  8  ft.  high,  with  18-in.  brick  walls. 
Three  electrodes  are  used  which  are  24-in.  in  diameter 
for  amorphous  carbon,  and  14-in.  for  graphite  which  has 
been  tried  experimentally.  The  furnaces  take  hot  metal 
from  two  75  basic  open  hearth  furnaces  in  which  the 
phosphorous  is  reduced  to  about  .015  per  cent  and  in 
the  electric  furnace  the  metal  is  refined  and  the  sulphur 
brought  down  to  between  .008  and  .015  per  cent.  The 
problems  encountered  in  designing  these  40-ton  furnaces 
called  for  great  skill  and  ingenuity  and  we  are  informed 
confidentially  that  the  next  step  will  be  to  a  much  larger 
furnace  and'  that  the  100-ton  electric  furnace  is  in  sight. 

The  Electric  Furnace  Association  has  been  investi- 
gating the  most  desirable  voltages  for  the  manufacture 
of  electric  steel,  and  has  concluded  tentatively  that  the 
shorter  arc  and  lower  voltages  are  on  the  whole  more 
desirable  in  the  manufacture  of  high  grade  steel. 

The  General  Electric  Compay  is  experimenting  with 
a  2-ton  induction  furnace  of  new  design  in  which  the 
primary  coils  are  above  the  bath  instead  of  on  the  same 
level  with  it,  and  in  which  other  new  features  have  been 
introduced.  Following  the  unsatisfactory  showing  of 
induction  furnaces  in  this  country  in  the  past,  the  prog- 
ress of  this  type  will  be  watched  with  interest. 

In  foundry  work  the  building  of  the  Ford  plant, 
which  will  eventually  have  a  capacity  of  2,500  tons  of 
castings  a  day,  is  progressing  successfully.  This  is  prob- 
ably the  first  plant  designed  to  use  direct  metal  from 
the  blast  furnaces  on  a  large  scale,  and  already  with  the 
four  mechanically  charged  cupolas  which  have  been 
started  the  use  of  direct  metal  has  been  a  success.  The 
iron  from  the  blast  furnaces  is  brought  to  the  foundry  ir, 
75-ton  ladle  cars  whence  it  is  transferred  to  20-ton 
ladles  in  which  the  cupola  iron  and  direct  metal  are 
mixed.  Proportions  varying  from  40  per  cent  direct  and 
60  per  cent  cupola  metal  to  60  per  cent  direct  and  40  per 
cent  cupola  metal  have  been  successfully  used  and  even 
in  some  cases  80  per  cent  direct  metal  with  20  per  cent 
cupola  iron  has  been  poured.  The  ratio  contemplated, 
however,  for  regular  work  is  about  50  per  cent  direct 
metal  and  50  per  cent  cupola  iron. 

The  Malleable  Iron  Association  has  published  a  bul- 
letin in  which  they  call  attention  to  the  great  improve- 
ment in  the  average  quality  of  the  tests  submitted  by 
their  members,  especially  in  the  last  three  and  one-half 
years.  During  this  time  the  average  tensile  strength 
of  the  test  bars  has  increased  from  a  little  under  49,000 
pounds  per  square  inch  to  over  53,000  pounds  per  square 
inch,  and  the  elongation  in  2-inch  from  under  10  per 
cent  to  nearly  16  per  cent.  The  association  feels  that 
this  data  represents  real  progress  in  the  improvement 
of  their  product  of  which  they  may  well  be  proud. 

In  Germany  oil  has  been  successfully  used  in  a  cupola 


to  decrease  the  consumption  of  coke.  The  methods  fol- 
lowed were  somev.hat  similar  to  those  of  Mr.  Stoughton 
and  the  results  appear  to  have  been  similar. 

A  very  interesting  article  was  ])ublished  during  the 
year  describing  the  operation  of  four  60-ton  basic  open 
hearth  furnaces  with  hot  metal  melted  in  two  cupolas 
6  ft.  in  diameter  inside  of  the  lining  and  30  ft.  high 
to  the  charging  door.  This  practice  was  tried  during 
repairs  to  the  plant's  blast  furnace  in  order  to  secure  a 
higher  output  than  was  possible  with  cold  charges.  The 
two  cupolas  were  in  operation  on  an  average  of  18  hours 
out  of  a  possible  24,  and  supplied  the  four  open  hearth 
furnaces  regularly  with  50  tons  of  hot  metal  each.  Dur- 
ing the  run  some  13,000  tons  of  iron  were  melted  with 
quite  .satisfactory  results,  and  the  author  of  the  article 
believes  that  in  some  cases  such  a  process  would  be 
worth  adopting  for  a  plant  having  open  hearth  furnaces 
but  no  blast  furnace. 

Although  nothing  strikingly  new  has  come  up  in 
electric  heat  treatment,  the  number  of  furnaces  in  opera- 
tion is  steadily  increasing,  and  the  range  of  temperatures 
possible  in  these  furnaces  has  been  extended.  Although 
in  many  cases  the  operation  is  more  costly  than  that  of 
fuel  fired  furnaces,  yet  the  superior  control  of  tempera- 
tures and  the  comparative  freedom  from  oxidation  and 
scaling  makes  electric  heat  treatment  extremely  desirable 
for  many  classes  of  products. 

Lap  welded  pipe  is  now  being  made  by  a  new  process 
in  sizes  from  24  in.  to  96  in.  These  pipes  are  made  from 
high  grade  open  hearth  steel  bent  either  hot  or  cold  in 
rolls  very  much  like  those  used  for  forming  the  shells 
of  boilers,  and  the  weld  is  made  a  section  at  a  time  by 
heating  the  lap  inside  and  outside  with  gas  burners  and 
forming  the  weld  with  a  power  hammer.  The  pipe  is 
then  annealed  and  a,fterwards  straightened,  inspected 
and  tested  in  the  usual  manner.  The  thickness  of  these 
pipes  range  from  34  in-  to  l}i  in.  and  the  product  is 
used  in  places  where  cast  iron  pipe  is  not  strong  enough. 
These  smooth  pipes  are  preferable  to  riveted  joint  pipe 
because,  owing  to  the  absence  of  friction  a  smaller  size 
can  be  used  to  carry  the  same  quantity  of  water. 

It  is  very  encouraging  to  note  that  in  spite  of  the 
severe  depression  in  the  iron  and  steel  business  so  much 
large  scale  e.xperimentation  has  been  carried  out  during 
the  year  with  such  encouraging  results. 


NATIONAL  ASSOCIATION  OF  COST 
ACCOUNTANTS. 

The  National  .\ssociation  of  Cost  Accountants  has 
recently  inaugurated  a  drive  for  400  new  members  by 
March  1st,  1922.  This  organization  is  national  in  scope 
and  has  members  in  practically  every  State  in  the 
Union  in  addition  to  some  in  Canada.  Mexico  and 
Europe. 

There  are  local  chapter.s  in  most  of  the  principal 
cities  of  the  United  States.  These  chapters  meet 
monthly  to  hear  various  messages  by  reputable  cost 
authorities  on  cost  and  accounting  problems.  These 
local  chapters  are  the  clearing  house  where  cost  data 
and  plans  are  exchanged  by  representative  cost  men 
and  accountants. 

Membership  is  not  confined  to  men  alone  as  there 
are  several  women  members  now  in  the  Association. 
All  men  and  women  interested  in  cost  accounting  are 
invited  to  investigate  the  merits  of  the  organization 
with  a  view  to  becoming  active  members.  Mr.  S.  C. 
McLeod.  130  West  42nd  St..  New  York  City,  is  the 
National  Secretary  and  Business  Agent. 
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Fig.  1 — General  view  of  Rosedale  Plant.     Left  to  right:     Sulphate  storage  and  by-product  building,  boiler  house,  gas  washers 
and   coolers,   coal   preparation,   washing  and   mixing  buildings,  ovens,   coke  handling   building. 


New  By-Product  Coke   Oven  Plants 

Semet-Solvay  Company  Completes  Fifteen  Million  Dollar  Plants 
for  the  Cambria  Steel  Company  at  Johnstown,  Pa. — The  Rosedale 
and  Franklin  Plants  Described. 

By  J.  M.  HASTINGS,  JR.* 


OCTOBER,  1921,  marked  the  completion  by  the 
Seniet-Solvay  Company  of  the  largest  and  most 
difficult  by-product  coke  oven  construction  con- 
tract ever  undertaken — largest  in  view  of  the  actual 
amounts  involved  and  most  difficult  on  account  of  the 
peculiar  engineering  problems  to  be  solved.  This  article 
gives  a  brief  description  of  the  results  accomplished  dur- 
ing 14  months'  work  and  outlines  a  few  of  the  difficulties 
which  were  successfully  overcome. 

At  Johnstown.  Pa.,  the  Cambria  Steel  Company 
operates  two  separate  coke  oven  plants,  located  about 
three  miles  apart,  the  Rosedale  plant  supplying  coke  to 
the  six  Cambria  furnaces,  and  the  Franklin  plant  sup- 
plying the  five  Franklin  furnaces.  The  construction 
work  undertaken  at  Rosedale  included  the  entire  by- 
product coking  process  from  the  delivery  of  coal  at  the 
mine  head  shaft  to  the  production  of  coke  and  by- 
products. At  Franklin  the  new  construction  began  at  the 
point  where  the  gas  left  the  ovens  and  included  complete 
by-product  recovery  equipment  with  the  necessary 
auxiliaries.  .\11  the  work  on  both  plants  was  performed 
by  the  Semet-Solvay  Company.  Since  the  plants  are 
entirely  separate,  the  description  is  divided  into  two 
parts,  Rosedale  and  Franklin. 

Rosedale  Plant. 

Before  starting  the  new  work,  there  was  in  opera- 
tion at  Rosedale  one  block  of  Cambria  type  ovens  with 
partial  by-product  recovery,  the  coal  for  which  was  re- 
ceived from  the  Franklin  washery,  three  miles  away. 

To  eliminate  this  expensive  coal  haul,    the    Semet- 


♦Mr.  Hastings  is  with  the  Semet-Solvay  Company,  Syra- 
cuse, N.  Y. 


Solvay  Company  erected  a  mine  head  shaft  in  the  center 
of  the  Hinckston  Run  Valley,  immediately  below  the 
oven  batteries,  tapping  Rosedale  Mines  Nos.  5  and  6. 
This  shaft  is  405  feet  overall  from  the  mine  gallery,  232 
feet  below  ground,  to  the  top  of  the  hoist.  A  double  skip 
hoist,  each  skip  of  eight  tons  capacity,  operated  by  a 
1,000-hp.  motor  driven,  conical  drum  hoisting  engine, 
provides  a  coal  handling  capacity  of  6,000  gross  tons  per 
10-hour  day.  Since  the  capacity  of  the  present  plant  is 
3,500  gross  tons  per  day,  an  ample  coal  supply  is  thus 
assured. 

This  Rosedale  coal  from  the  Cement  and  Miller  seams 
of  the  Kittanning  veins  is  a  low  volatile  coal  with  an 
average   analysis   about  as    follows : 

Volatile  18.00  to  18.75% 

Fixed  carbon 70.0    to  72.0 

Ash    10.0     to  11.5 

Sulphur    2.1     to     2.4 

To  secure  the  desired  quality  of  coke,  high  volatile 
coal  must  be  mixed  with  this,  the  arrangements  for  which 
will  be  described  later.  Also  the  coal  must  be  washed  to 
reduce  the  sulphur  and  ash  content.  Accordingly  from 
the  head  shaft  skip,  the  coal  passes  through  two  12x17- 
ft.  Bradford  breakers  and  by  a  3-in.  belt  conveyor  into 
the  washery  building.  As  it  leaves  the  breakers,  if  de- 
sired, a  part  of  the  coal  can  be  sent  to  a  250-ton  loading- 
out  bin  for  use  at  the  boilers  or  elsewhere. 

The  washery  building  is  564  feet  long  by  99  feet  wide 
and  contains  7Z  Campbell  washing  tables  and  10  drain- 
ing pits,  each  of  1,550  tons  capacity.  These  10  pits  are 
served  by  two  reclaiming  bridges  equipped  with  continu- 
ous bucket  diggers  which  deliver  the  washed  coal  to  a 
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Fig-.  2 — General  view  of  Franklin  Plant.     Left  to  right:     Boiler  house,  benzol  plant, 
by-product  building,  gas  washing  and  cooling  apparatus. 


36-in.  Ijelt  conveyor  which  in  turn  delivers  to  the  mix- 
ing plant.  Refu.se  from  the  washing  tables  falls  into 
collector  bins  and  thence  into  railroad  cars. 

This  coal  washing  plant  is  the  largest  of  its  type  evet 
built  and  has  a  capacity  of  4,000  gross  tons  per  10-honr 
day.  About  20  per  cent  of  the  ash  and  SO  per  cent  of 
the  sulphur  in  the  coal  are  removed  by  the  washing 
process  and  the  draining  pits  are  so  designed  that  the  coal 
recovered  contains  only  from  6  to  8  per  cent  moisture. 

In  the  coal  mixing  plant,  located  at  the  eastern  end  of 
the  washery  building,  a  250-ton  bin  is  provided  for  the 
washed  coal  and  a  1,000-ton  circular  bin  for  high  vola- 
tile coal.  This  coal  is  received  from  cars  at  a  track  hop- 
per, sent  through  a  Bradford  breaker  and  a  double  roll 
crusher  and  delivered  by  elevator  to  this  circular  bin. 
From  these  two  bins,  the  higli  volatile  and  low  volatile 
coals  are  delivered  by  short  proportioning  feeders  into 
two  spiral  moving  conveyors  where  intimate  mixture  is 
secured,  it  being  possible  to  vary  the  mixture  to  contain 
from  20  per  cent  to  80  per  cent  high  volatile  coal.  The 
mixed  coal  is  then  elevated  by  two  belt  bucket  elevators, 
each  of  200  tons  per  hour  capacity,  to  two  conveyor  belts 
which  deliver  into  the  3,000-ton  coal  bunker  above  the 
ovens. 

The  above  described  equipment  provides  a  complete 
modern  coal  handling  and  washing  plant  which  will  sup- 
ply the  entire  coal  requirements  of  the  ovens  at  a  mini- 
mum expense. 

Ovens. 

.A.s  now  completed  there  are  four  blocks  with  a  total 
of  208  ovens  at  the  Rosedale  plant,  having  a  total  capa- 
city of  3,500  gross  tons  of  coal  per  day.  Of  this  total, 
the  128  Cambria  type  ovens  will  take  about  1,700  gross 
tons  and  the  88  Semet-Solvay  ovens  about  1,800  gross 
tons.     All  the  ovens  are  of  the  modern  regenerator  type. 

From  these  3,500  tons  of  coal  charged  per  day,  prod- 
ucts will  be  obtained  approximately  as  follows : 


Furnace  coke   

Domestic  coke   

Breeze    

Sulphate  of  Ammonia. . . 

Light  oil   

Tar    


2,695  gr.  tons 
40  gr.  tons 
65  gr.  tons 
104,000  lbs. 
12,000  gal. 
32,000  gal. 


Surplus  gas   25,000,000  cu,  ft. 


Coke  Handling. 

Three  40-foot  coke  quenching  cars  operated  by  com- 
pressed air,  each  attached  to  a  27-ton  electric  loconrotive, 
receive  the  coke  as  it  is  pushed  from  the  ovens  and  pro- 
ceed to  one  of  the  two  brick  quenching  stations.  The 
quenching  operation  requires  about  55  seconds  per  oven. 
The  quenched  coke  is  dumped  on  a  200-foot  inclined 
dock  equipped  with  a  rotary  feeder  at  the  foot,  which  de- 
livers on  to  a  42-in.  belt  leading  to  the  screening  station. 

At  this  point  the  oversize  material  is  first  removed 
by  passing  the  coke  over  a  rotary  grizzly  screen  with 
4-in.  spaces.  This  oversize  coke  is  crushed  and  delivered 
with^  the  rest  to  a  second  rotary  grizzly  with  ^-in. 
spaces.  ."Ml  coke  passing  over  this  screen  is  conveyed  by 
belt  250  feet  across  the  valley  to  the  furnace  loading  sta- 
tion and  distributed  by  a"  shuttle  conveyor  to  a  specially 
designed  250-ton  inclined  bin  which  prevents  breakage 
when  the  coke  is  loaded  into  cars. 

The  undersize  coke  passes  to  a  domestic  screen  of  the 
shaking  type  where  the  coke  over  J/2-in.  is  separated  for 
domestic  use  and  the  breeze  is  delivered  to  cars  and 
returned  to  the  plant  boiler  house. 

By-Product  Equipment. 

Leaving  the  four  blocks  of  ovens  the  gas  enters  a 
78-in.  common  foul  gas  main  leading  to  the  primary  cool- 
ers of  which  four  are  provided,  each  10  feet  in  diameter 
by  45  feet  high,  arranged  in  parallel.  These  are  of  the 
well-known  Semet-Solvay  grid  type  in  which  the  cooling 
is  effectively  performed  by  direct  contact  between  the  gas 
and  a  circulating  liquor  sprayed  in  at  the  top.  This 
liquor  is  cooled  after  each  contact  with  the  gas  by  pas- 
sage through  120  stacks  of  2-in.  cooling  coils,  each  30 
pipes  high,  over  which  water  is  running.  These  gas 
coolers  serve  not  only  to  cool  the  gas  but  also  to  con- 
dense and  separate  out  practically  all  the  tar  and  naph- 
thalene. 

It  is  interesting  to  note  that  due  to  the  difference  in 
rate  of  heat  transfer  through  metals  from  water  to  water 
and  from  gas  to  water,  the  efficiency  of  the  Semet-Solvay 
coolers  is  approximately  50  times  that  of  the  old  type  of 
tubular  coolers.  It  is  also  of  interest  to  note  the  well 
demonstrated  facts  that  under  normal  operation  these 
grid  type  coolers  never  require  cleaning  and  that  during 
the  entire  life  of  the  plant  there  are  no  repair  costs  other 
than  occasional  renewals  of  spray  nozzles 

From  this  point  the  gas  enters  four  Roots  exhausters, 
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each  of  83.4  cu.  ft.  capacity  per  revolution,  two  being 
driven  by  300-hp.  motors  and  two  by  15x22-in.  Ridge- 
way  engines.  From  the  exhau.sters  the  gas  passes  through 
three  22.000.000- ft.  capacity  P.  &  A.  tar  extractors  which 
remove  the  last  traces  of  tar,  and  enters  the  three  am- 
monia saturators.  Here  the  gas  comes  in  contact  with 
a  5  per  cent  solution  of  sulphuric  acid  which  absorbs  as 
sulphate  all  the  ammonia  present. 

'Jhree  final  coolers  in  series,  of  the  same  design  as 
the  primary  coolers,  are  next  in  line ;  there  the  gas  is 
further  cooled  to  about  20  deg.  C.  before  entering  the 
light  oil  scrubbers.  The  water  circulated  over  the  grids 
of  these  final  coolers  runs  to  a  sump  where  any  small 
amount  of  naphthalene  remaining  in  the  gas  is  brought 
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Fig.  3 — Interior  of  coal  washery. 

down  and  collected  and  the  water  is  pumped  under  200- 
ft.  head  to  a  spray  pond  located  110  feet  above  on  the 
hill  side.  From  this  pond  the  water  returns  by  gravity 
to  the  tops  of  the  final  coolers.  Tests  on  this  spray  pond 
have  shown  an  actual  cooling  on  favorable  days  to  3 
deg.  C.  below  the  atmospheric  temperature. 

The  three  light  oil  scrubbers  are  16  feet  in  diameter 
and  90  feet  high,  filled  with  wooden  grids  similar  to 
those  in  the  coolers.  A  heavy  petroleum  absorbing  oil 
is  used  to  remove  the  light  oils  from  the  gas,  the  satu- 
rated oil  being  pumped  to  the  light  oil  building. 

The  gas  is  nc^v  clean  and  ready  for  distribution.  From 
30  per  cent  to  35  per  cent  of  the  total  is  returned  to  the 
ovens. for  fuel  gas  and  the  remaining  6.5  to  70  per  cent 
is  pumped  to  the  steel  mills  by  two  150  cu.  ft.  Conners- 
ville  exhausters,  each  driven  by  a  425-hp.  twin  Ball 
engine. 

This  surplus  gas,  estimated  at  25  million  feet  per  dav. 
will  replace  in  the  mills  approximately 

500  tons  of  coal  or 
100,000  gallons   fuel  oil  or 
13.000.000  feet  of  natural  gas  or 
100,000.000  feet  of  producer  gas. 

Ammonia  Recovery. 

Ammonia  recovery  in  the  Semet-Solvay  system  begins 
with  the  liquor  circulation  maintained  on  the  collector  or 
hydraulic  main.  By  the  use  of  numerous  sprays  at  this 
point  the  gas  is  cooled  to  about  76  deg.  C,  relieving 
somewhat  the  load  on  the  primary  coolers,  preventing 
effectively  the  formation  of  pitch  deposits  in  the  main 


and  removing  from  the  gas  the  fixed  ammonia  saUs. 
Since  the  overflow  from  the  primary  cooler  system  is 
returned  to  the  hydraulic  main  circulation,  it  is  evident 
that  the  overflow  from  this  latter  circulation  system  will 
contain  all  the  fixed  ammonia,  but  very  little  free  am- 
monia. This  means  a  minimum  volume  of  weak  liquor 
requiring  dislillalifm  and  resultant  low  costs  of  ammonia 
recovery  when  suljjhate  is  the  desired  product. 

At  the  Rosedale  plant  one  Semet-Solvay  6-ft.  am- 
monia tank  still  has  been  provided  which  will  handle 
readily  all  the  weak  liquor  produced.  The  ammonia  gas 
from  this  still  enters  the  saturators  with  the  oven  gas 
for  absorption  as  sulphate.    At  the  Franklin  plant  a  con- 


Fig.   4 — Coal   washery,   Rosedale   plant, 
shaft   on  right. 


Mine   head 


denser  has  been  installed  in  connection  with  the  am- 
monia stills  to  permit  the  production  of  concentrated 
liquor  if  desired. 

From  the  saturators,  the  crystallized  sulphate  of  am- 
monia is  delivered  continuously  by  air  ejectors  to  cen- 
trifugal dryers,  of  which  nine  are  installed,  three  for 
each  saturator.  where  it  is  dried  and  washed  free  of  acid. 
From  the  dryers,  a  belt  conveyor  delivers  the  salt  to  the 
sulphate  storage  building,  176  feet  long  by  56  feet  wide, 
where  4,000  tons  can  be  stored.  The  salt  can  either  be 
loaded  out  in  bulk  in  cars  or  bagged  as  desired. 

Light  Oil  Recovery. 

From  the  light  oil  scrubbers,  the  absorbing  oil  carry- 
ing the  light  oils  is  pumped  through  a  heat  exchanger  and 
a  preheater  into  three  Semet-Solvay  stripping  stills, 
which  provide  ample  spare  capacity.  These  are  continu- 
ous stills,  6  feet  in  diameter,  each  with  a  capacity  of 
20,000  gallons  per  hour,  in  which  the  light  oil  is  distilled 
off  the  absorbing  oil,  the  former  being  condensed  and 
the  latter  cooled  and  returned  to  the  scrubbers.  The 
Semet-Solvay  system  is  notable  for  its  high  heat  effi- 
ciency and  for  the  fact  that  the  separation  of  light  oil 
and  absorbing  oil  is  so  complete  that  no  intermediate  re- 
distillation of  the  light  oil  is  required  before  it  is  worked 
up  into  motor  fuel  or  pure  benzol,  toluol  and  solvent. 
The  absorbing  oil  is  also  thoroughly  cleaned  and  washed 
in  the  process  so  that  revivifying  is  never  necessarv. 

From  the  Rosedale  light  oil  plant,  the  light  oil  pro- 
duced is  shipped  to  the  benzol  plant  at  Franklin. 

Auxiliary  Equipment. 

The  new  boiler  house  at  Rosedale  contains  three  768- 
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hp.  B.  &  W.  boilers  each  equipped  with  a  Coxe  stoker 
for  burning  breeze.  The  plant  is  providetl  with  track 
hopper,  elevator  and  fuel  bins  for  breeze  or  coal  hand- 
ling and  a  traveling  bucket  and  skip  hoist  for  removing 
ashes. 

Two  Bury  air  compressors  have  been  installed,  each 
directly  connected  to  a  225-hp.  motor.  These  have  a 
combined  capacity  of  2.000  cu.  ft.  of  free  air  per  minute 
to  supply  the  various  needs  of  the  plant. 

In  the  transformer  building  are  two  500-kw.  250-volt 
d.c.  motor  generator  sets  and  one  500-kw.  275-volt  syn- 


Fig.  S — Semet-Solvay  ovens.     Top  of  Bl-3.     Rosedale  Plant. 

chronous  converter  for  supplying  the  direct  current  re- 
quired in  the  plant.  High  tension  a.c.  current  from  the 
steel  plant  power  house  is  transformed  for  the  coke  oven 
plant  by  three  1,000-k.v.a.  transformers. 

Modern  locker  and  toilet  facilities  are  provided  in 
the  several  buildings  for  the  use  of  the  men  employed  at 
those  points.  Throughout  the  plant  every  care  has  been 
taken  to  render  the  working  conditions  as  safe  and 
attractive  to  the  men  as  possible. 

Franklin  Plant. 

The  old  Franklin  coke  oven  plant  consisted  of  11 
batteries  of  ovens  of  various  types,  including  one  of  the 
first  blocks  built  in  this  country,  with  a  total  of  492 
ovens  having  a  capacity  of  4,500  gross  tons  of  coal  per 
day.  Partial  recovery  of  by-products  was  undertaken  in 
old  type  apparatus. 

As  the  plant  now  stands  no  changes  have  been  made 
to  the  ovens  proper,  but  beginning  at  the  points  where 
gas  leaves  the  oven  chambers,  the  Semet-Solvay  Com- 
pany has  installed  complete  modern  by-product  recovery 
apparatus  which  handles  the  entire  gas  output  of  the 
plant,  including  hydraulic  main  circulation  systems,  gas 
washing  and  condensing,  tar,  sulphate  of  ammonia,  light 
oil  and  surplus  gas  recovery  and  benzol  plant,  boiler 
house  and  all  necessary  auxiliary  equipment. 

By-Product  Equipment. 

Leaving  the  ovens,  the  foul  gas  from  five  blocks 
enters  one  main  and  that  from  the  remaining  six  blocks 
enters  another,  which  combine  in  a  single  60-in.  main  at, 
the  three  primary  coolers.  These  are  of  the  Semet- 
Solvay  grid  type  similar  to  those  at  Rosedale  but  some- 
what larger,  being  16  feet  in  diameter  by  45  feet  high. 
Each  cooler  has  a  capacity  of  60,000,000  cu,  ft.  of  gas 


per  day.     One  hundred  and  sixty  banks  of  cooling  coils, 
each  30  pipes  high,  serve  to  cool  the  circulating  liquor. 

From  the  primary  coolers,  the  gas  enters  the  by- 
product building.  This  building,  of  steel  and  brick  con- 
struction, as  are  all  the  other  buildings,  is  360  feet  long 
by  83  feet  wide.  In  this  building  are  located  the  four 
DeLaval  turbo  exhausters,  each  of  14,000  cu.  ft.  per 
minute  capacity,  five  P.  &  A.  tar  extractors  and  five 
Semet-Solvay  saturators  for  ammonia  recovery.  The 
gas  passes  through  these  sets  of  apparatus  in  the  order 


Fig.  6 — Gas  cooling  and  washing  towers.     Rosedale  Plant. 
Cooling  coils   in   foreground. 

given  and  returns  to  the  six  final  coolers  and  six  light 
oil  scrubbers  outside  the  building,  each  in  two  sets  of 
three  in  series.  These  are  all  13  feet  in  diameter,  the 
coolers  being  45  feet  high  and  the  scrubbers  90  feet  high. 
From  this  point  a  42-in.  line  carries  fuel  gas  to  the  boil- 
ers to  take  care  of  the  Sunday  gas  and  a  30-in.  line  de- 
livers surplus  gas  to  two  turbine  boosters  and  thence  to 
the  steel  plant. 

The  ovens  not  being  of  the  generator  type,  only 
28,000,000  feet  of  surplus  gas  will  be  released  per  day 
at  full  operation.  This  28,000,000  feet,  however,  will  re- 
place approximately : 

570  tons  of  coal  or 
120,000  gallons  of  fuel  oil  or 
15,000,000  feet  of  natural  gas  or 
120,000,000  feet  of  producer  gas. 

It  is  interesting  to  note  that  the  total  surplus  gas 
from  the  Rosedale  and  Franklin  plants  at  full  operation 
will  replace  daily : 

1,070  tons  of  coal  or 
220,000  gallons  of  fuel  oil, 

which  represents  a  direct  saving  to  the  Cambria  Steel 
Company  of  from  $5,000  to  $10';000  per  day. 

The  Franklin  coke  oven  plant  at  full  operation  will 
produce  per  day  by-products  other  than  gas  estimated 
as  follows : 

Tar    40,000  gal. 

Sulphate  of  ammonia 126,000  lbs. 

Light  oil    15,000  gal. 

Ammonia  Rrecovery. 

Ten  centrifugal  dryers  in  the  by-product  building  re- 
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ceive  the  siilpliale  precipitated  out  in  the  saturators  and 
deliver  the  <hicd  salt  to  a  belt  conveyor  running  into 
the  storage  room  where  5,000  tons  can  be  stocked. 
Available  storage  space  is  160  feet  by  83  feet.  If  de- 
sired the  two  stills  provided  to  free  the  fi.xed  ammonia 
and  return  it  to  the  gas  for  absorjjtion  as  sulphate  can 
be  used  to  make  crude  concentrated  ammonia  liquor  since 
a  condenser  has  been  provided   for  that  purpose. 

The  flexibility  of  operation  is  one  of  the  outstanding 
features  of  the  Semet-Solvay  ammonia  recovery  system. 
When  sulphate  is  the  desired  product,  a  minimum  vol- 
ume of  ammonia  liquor  requiring  distillation  is  produced, 
but  if  for  any  reason  it  becomes  desirable  to  make  con- 
centrated litiuor.  the  several  circulation  systems  can  be 
readily  reversed  and,  with  the  addition  of  small  amounts 
of  water,  a  large  proportion  of  the  total  ammonia  in  the 
gas  may  be  recovered  in  the  form  of  liciuor.     The  ani- 


Fig.   7 — General  view  of  Rosedale  Plant.     Bunk  houses  and 
light  oil  building  in  foreground. 

monia  recoverable  as  liquor  in  this  way  will  vary  from 
15  per  cent  to  85  per  cent  of  the  total  according  to  the 
coal  used. 

To  permit  this  flexibility  of  operation,  it  is,  of  course, 
necessary  that  the  stills  provided  have  sufficient  capacity. 
In  this  connection  it  should  be  noted  that  the  efficient  de- 
sign of  the  Semet-Solvay  stills  insures  a  capacity  of  over 
four  times  that  of  any  other  type  of  still  of  equal  size. 

Light  Oil  Recovery. 

In  the  benzol  plant,  four  stripping  stills  are  erected 
similar  to  those  at  Rosedale,  with  the  usual  equipment  of 
preheaters,  heat  exchangers  and  Semet-Solvay  system  of 
decanters.  Also  in  this  building  there  are  two  motor 
benzol  stills  with  light  oil  washing  equipment  and  three 
intermittent  stills  for  the  production  of  pure  benzol, 
toluol  and  solvent  naphtha.  In  this  plant  all  the  light  oil 
produced  at  Rosedale  and  Franklin  is  rectified  with  daily 
outputs  of  approximately: 

22,000  gallons  motor  benzol,  or 

16,600  gallons  pure  benzol, 

3,700  gallons  pure  toluol  and 

1,000  gallons  solvent. 

This  plant  is  of  standard  Semet-Solvav  design  and 
is  complete  in  every  detail  including  storage  tanks  for 
all  products  and  a  drum  loading  station. 


Auxiliary  Equipment. 

The  new  Franklin  boiler  house  contains  five  768-hp. 
B.  &  VV.  boilers,  each  equipped,  as  at  Rosedale,  with  a 
Coxe  stoker  for  burning  breeze.  These  Coxe  stokers 
give  a  boiler  efficiency  using  breeze,  which  is  comparable 
with  the  best  resuts  obtained  with  coal  stokers. 

A  transformer  building  has  been  erected  which  con- 
tains three  500-k.v.a.  transformers  and  motor  generator 
equipment  of  sufficient  size  to  furnish  the  direct  current 
required  in  the  plant. 

The  pumps  used  in  the  several  operations  are  located 
in  two  separate  pump  houses  providing  the  miost  satis- 
factory arrangement  to  meet  local  conditions. 


Fig.  8 — Interior  of  by-products  building,  Franklin  Plant, 
showing  ammonia  still  and  condenser. 

Adequate  locker  and  toilet  facilities  are  provided 
throughout  the  Franklin  plant,  which,  as  now  completed, 
represents  in  its  entirety  one  of  the  finest  examples  of  a 
by-product  recovery  plant  to  be  found  in  this  country. 

Construction  Features. 

At  the  Franklin  plant,  aside  from  the  usual  troubles 
encountered  in  modifying  existing  equipment  without 
serious  interference  with  the  operation,  the  construc- 
tion work  proceeded  in  an  orderly  manner  and  without 
undue  difficulty.  At  Rosedale,  however,  due  to  local 
conditions,  difficulties  were  encountered  which  required 
great  engineering  ingenuity  to  overcome. 

Due  to  the  narrowness  of  Hinckston  Run  valley  it 
was  necessary  to  construct  the  Rosedale  plant  on  three 
distinct  levels.  On  the  upper  level  are  the  four  oven 
blocks,  on  the  middle  level,  the  by-product  buildings  and 
equipment  and  on  the  lowest  level  the  coal  washery  and 
coal  handling  equipment.  In  building  these  levels  a  total 
of  over  150,000  cubic  yards  of  excavation  was  required 
and  50,000  cubic  yards  of  back  fill.  Tw^o  thousand  linear 
feet  of  retaining  walls  were  also  necessary  in  which,  in- 
cluding the  various  foundations,  a  total  of  70,000  cubic 
yards  of  concrete  was  poured. 

In  laying  the  oven  foundations,  treacherous  conditions 
were  encountered  unexpectedly,  which  made  it  neces- 
sary to  sink  caissons  to  solid  rock.  One  hundred  and 
fifty-six  of   these  caissons   were  put   down,   six   feet   in 
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Fig.  9 — Interior  of  by-product  building,  Franklin  Plant,  showing,  left  to  right:     Exhausters  and  boosters,  tar  extractors,  acid 

separators,  saturators  and  centrifugal  driers. 


diameter  and  averaging  36  feet  deep.  The  caissons 
carry  a  series  of  6-ft.  square  reinforced  concrete  beams 
and  a  concrete  slab  three  feet  thick  upon  which  the  nor- 
mal coke  oven  foundations  are  erected.  By  this  method 
the  ovens  are  rendered  entirely  independent  of  soil  con- 
ditions and  any  possibility  of  the  blocks  slipping  down 
hill  has  been  obviated.  Several  of  the  caissons  run  into 
abandoned  mine  galleries  30  or  40  feet  below  ground 
which  caused  additional  difficulty,  particularly  in  the 
case  of  those  galleries  which  happened  to  contain  water. 
All  such  difficulties  were  overcome,  however,  with  en- 
tirely satisfactory  results. 

To  provide  working  space  in  the  center  of  the  valley, 
it  was  necessary  to  construct  a  16-ft.  concrete  culvert  to 
carry  Hinckston  Run.  This  culvert  is  approximately 
1,300  feet  long,  extending  through  the  length  of  the 
plant. 

In  laying  the  foundations  for  the  by-product  build- 
ing which  in  itself  is  built  on  three  levels,  particular 
difficulty  was  experienced  due  to  the  character  of  the 
soil  at  that  point.  Serious  slides  were  a  frequent  occur- 
rence, making  necessary  heavy  retaining  walls.  In  the 
completed  by-product  equipment,  however,  every  advan- 
tage has  been  taken  of  the  different  levels  so  that  gravity 
flow  of  liquors  has  been  provided  in  many  instances 
where  ordinarily  pumps  would  be  required. 


Possibly  the  greatest  problems  encountered  at  both 
the  Rosedale  and  Franklin  plants  were  those  of  material 
handling.  There  being  no  level  space  available  at  either 
plant,  the  storage  warehouses  were  all  erected  at  "Ten 
Acre,"  about  a  mile  and  a  half  below  Rosedale.  At  that 
point,  17  buildings  were  erected  with  a  total  area  under 
cover  of  71,850  square  feet,  including  brick  sheds,  cement 
sheds,  steel  and  pipe  warehouses  and  complete  machine 
shops  where  a  large  part  of  the  assembly  details  were 
carried  out.  All  the  material  for  both  plants  passed 
through  "Ten  Acre,"  about  11.000  carloads  having  been 
handled  during  the  period  of  construction. 

As  now  completed,  the  Cambria  Steel  Company  pos- 
sesses at  its  Rosedale  and  Franklin  plants  two  of  the 
most  modern  by-product  coke  oven  plants  to  be  found 
in  the  United  States  and  the  excellent  results  obtained 
in  the  first  weeks  of  operation  have  already  justified  the 
heavy  expenditure  incurred.  Mr.  H.  M.  Crossett  is  gen- 
eral superintendent  of  both  plants  for  the  Cambria  Steel 
Company,  with  Mr.  J.  W.  McLaughlin  as  assistant  in 
charge  at  Rosedale  and  Mr.  E.  Merrill  as  assistant  in 
charge  at  Franklin.  The  construction  work  on  both 
plants  was  directly  under  Mr.  A.  T.  Leavitt,  chief  en- 
gineer for  the  Semet-Solvay  Company,  Mr,  W.  T. 
Snively  and  Mr.  R.  A.  Foley  being  resident  engineers  in 
charge. 
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European  By -Product  Coking  During  1921 

The  Year  1921  Has  Been  One  of  Great  Anxiety  and  Depression  as 
Far  as  the  Coking  Industry  of  Europe  Is  Concerned — No  Start- 
ling Developments  of  a  Technical  Nature  Are  Reported. 

By  A.  THAU 
Coke  Works  Superintendent,  Oxelosund  in  Sweden 


IN  ENGLAND  hardly  a  single  plant  has  operated  up 
to  its  capacity  and  few  companies  had  any  or  suf- 
ficient stocks  of  coal  on  hand  to  keep  the  ovens  even 
warm  enough  to  maintain  an  ignition  temperature  over 
the  period  of  the  coal  strike.  The  most  unfavorable 
conditions  in  the  pig  iron  trade  reflected  further  upon 
the  coking  industry  and  a  large  number  of  coking  plants 
have  been  idle  throughout  the  year,  while  the  majority 
kept  going  with  a  reduced  output. 

The  use  of  coke  oven  gas  for  domestic  purposes  has 
received  a  further  serious  setback  owing  to  these  con- 
ditions. There  are  comparatively  few  towns  in  Eng- 
land drawing  gas  from  adjacent  coking  plants,  the  prin- 
cipal town  depending  upon  coke  ovens  for  its  gas  sup- 
ply being  Middlesborough.  Pontypridd  in  South  Wales 
also  made  arrangements  to  draw  the  greater  part  of  its 
gas  from  the  Maritime  Coke  Works,  which  are  located 
nearby.  This  plant  was  enlarged  for  this  purpose,  but 
owing  to  the  lack  of  coke  orders  the  additional  part  of 
the  plant  could  not  be  started  and  the  gas  works  which 
deferred  an  enlargement  of  plant  in  the  expectation  of 
being  supplied  with  coke  oven  gas  are  now  in  a  pre- 
carious position. 

The  introduction  of  coke  oven  gas  for  domestic  use 
has  been  greatly  hampered  in  England  because  the  coke 
oven  owners  were  unable  to  give  the  necessary  guaran- 
tees for  an  uninterrupted  continuity  of  supply  in  case 
of  strike  or  lack  of  coke  trade.  The  municipal  gas  au- 
thorities maintain  that,  if  they  are  compelled  to  keep  up 
their  gas  plant  at  full  capacity  size  and  in  good  order 
solely  for  emergency,  and  in  addition  to  this  must  keep 
huge  stocks  of  coal  on  hand  which  naturally  deteriorate 
or  begin  to  burn,  they  might  just  as  well  keep  the  gas 
works  going  and  do  without  the  coke  oven  gas  alto- 
gether. As  long  as  this  state  of  affairs  exists,  there  is 
little  hope  for  a  more  extensive  use  of  coke  oven  gas 
for  domestic  purposes.  The  only  gas  works  in  England 
operating  by-product  coke  ovens,  viz.,  the  City  of  Bir- 
mingham, has,  owing  to  difficulties  in  disposing  of  the 
metallurgical  coke,  been  compelled  to  discontinue  the 
operation  of  the  coke  ovens  during  the  latter  part  of  the 
year.  At  the  same  time  the  sales  of  gas  in  Birmingham 
are  50,000,000  cubic  feet  per  week  lower,  compared 
with  the  corresponding  period  of  1920. 

Even  though  those  batteries  which  were  operated  at 
all  could  not  be  worked  to  their  full  capacity,  it  is  sur- 
prising to  note  that  there  are  still  a  number  of  beehive 
oven  plants  in  operation.  It  would  be  wrong  to  con- 
clude that  the  old  superstition  of  superiority  of  beehive 
coke  compared  with  by-product  coke  is  responsible  for 
this,  but  it  can  be  safely  assumed  that  those  collieries 
still  operating  behive  ovens  are  depending  upon  their 
waste  heat  as  a  source  of  steam  supply  for  their  anti- 
quated surface  plant. 


In  view  of  the  feared  competition  from  the  rapidly 
developing  synthetic  nitrate  plants  on  the  European  Con- 
tinent, great  eft'orts  are  made  to  maintain  a  strong  hold 
of  the  world's  sulphate  markets.  The  English  sulphate 
of  anunonia  federation  is  continually  urging  its  mem- 
bers to  improve  the  quality  of  the  sulphate  by  eliminat- 
ing the  free  sulphuric  acid  which  is  responsible  for  the 
salt  forming  hard  lumps  and  injuring  the  bags,  while  a 
sulphate  with  a  given  content  of  mositure  is  naturally 
correspondingly  higher  in  nitrogen  if  by  the  absence  of 
free  acid  a  neutrality  is  procured.  The  English  patent 
literature  is  full  of  inventions  as  to  means  for  obtaining 
a  neutral  sulphate  and  a  great  number  of  supplementary 
plants  have  been  erected  recently  with  this  end  in  view. 
The  most  simple  and  eft'ective  arrangement  is  to  spray 
the  sulphate  immediately  upon  leaving  the  saturator 
with  water  diffused  like  a  fog  so  that  the  moisture  en- 
velopes every  crystal.  Other  inventors  apply  ammonia 
vapor  from  the  still  for  operating  the  salt  ejector.  Oth- 
ers apply  ammonia  to  the  sulphate  while  being  whizzed 
in  the  centrifugal  dryer.  Raw  ammonia  liquor,  owing 
to  its  contents  of  pridine  and  naphthalene  impurities,  is 
not  suitable  for  the  purpose  and  discolors  the  sulphate. 
Another  type  of  plant  operates  with  two  saturators  in 
series,  in  the  first  one  the  salt  drawn  from  the  second 
is  neutralized  and  the  excess  of  ammonia  escaping  from 
the  first  saturator  is  fixed  by  the  acid  of  the  second. 
Finally  it  has  been  decided  to  leave  the  manufacturing 
process  as  it  is  and  treat  the  sulphate  afterwards  with 
a  proportionate  addition  of  powdery  slaked  lime  in  a 
rotating  kiln  heated  by  gas,  passing  the  escaping  vapors 
through  a  seal  of  sulphuric  acid  to  prevent  a  loss  of 
ammonia.  All  these  processes  "are  being  experimented 
with  more  or  less  on  a  trial  basis  and  their  great  variety 
tends  to  conclude  that  no  proper  judgment  as  to  the 
superiority  of  the  one  or  the  other  can  be  passed  until 
more  uniform  means  of  tackling  the  problem  have  come 
to  stay. 

While  comparatively  few  English  coking  plants  were 
formerly  equipped  to  recover  the  benzol  from  the  coke 
oven  gas,  the  necessities  of  the  war  made  the  rapid  addi- 
tion of  benzol  recovery  plant  to  all  by-product  works 
compulsory  and  it  was  surprising  to  note  how  quickly 
and  successfully  the  chemical  engineer  of  England 
adapted  themselves  to  the  new  task  because  the  few  pre- 
war plants  in  existence  were  almost  exclusively  of  Ger- 
man origin.  The  rapid  erection  of  so  many  benzol 
plants  was  accompanied  by  the  repeated  questiop,  "What 
are  we  to  do  with  all  those  benzol  products  after  the 
war  when  the  army  and  navy  cease  to  be  our  main 
customers?"  Three  years  of  peace  have  shown  that 
such  fears  were  not  justified  and  that  the  demand  by 
far  exceeds  the  production  and  would  still  do  so  even 
though  all  plants  were  working  to   full  capacity.     The 
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National  Benzol  Association,  strongly  supported  by  the 
English  automobile  associations,  is  endeavoring  to  make 
the  recovery  of  benzol  from  coal  gas  compulsory  by  law 
even  on  gas  works  above  a  certain  capacity. 

The  trial  by  Bury  at  the  Skinningrove  Iron  Works, 
published  immediately  after  the  war,  to  recover  the  ethy- 
lene from  the  coke  oven  gas  in  form  of  alcohol  in  ab- 
sorbing the  ethylene  in  6  deg.  Be.  sulphuric  acid  have  not 
been  realized  on  a  commercial  scale,  although  great  ex- 
pectations were  expressed  in  responsible  quarters.  The 
heat  economy  of  the  process  is  so  unsatisfactory  that  al- 
most as  many  heat  units  must  be  spent  as  are  recovered 
in  the  form  of  alcohol. 

Low  temperature  carbonization,  in  spite  of  the  for- 
midable antagonism  on  the  side  of  the  gas  works  and 
coke  oven  engineers,  has  been  stronger  promoted  and 
recommended  than  ever  before,  and  the  automobile  as- 
sociations who  expect  a  plentiful  motor  fuel  supply  at 
moderate  prices  from  this  source,  are  backing  the  sup- 
porters with  all  their  power.  Still  as  long  as  the  semi- 
coke  is  not  taken  up  industrially  or  as  a  household  fuel 
on  an  extensive  scale,  there  is  little  hope  of  the  plants 
getting  much  further  than  beyond  their  trial  basis  where 
they  have  been  for  practically  20  years  now.  As  already 
expressed  in  these  columns  by  the  writer,  low  tempera- 
ture carbonization  will  as  an  isolated  industry  never 
develop  much  further ;  its  expansion  on  a  broad  scale 
can  only  be  expected  if  the  iron  and  steel  industry  can 
see  its  way  clear  to  adopt  it  as  a  supplementary  side  line 
such  as  coking  plants. 

Owing  to  the  unsatisfactory  trade  of  the  industry 
in  general,  building  operations  on  coking  plants  cannot 
be  recorded.  The  few  small  additions  to  existing  plants 
are  hardly  worth  mentioning.  Extensive  repairs  are  be- 
ing carried  out  on  the  idle  plants  so  as  to  put  them  in  a 
good  state  for  restarting. 

Germany. 

The  last  year  has  been  a  conspicuous  one  for  an  over- 
hauling of  the  coking  plants  which,  driven  to  their  ut- 
most capacity  during  the  war,  were  in  great  need  of 
repairs.  New  walls  in  the  ovens  are  being  almost  ex- 
clusively rebuilt  of  silica  material. 

Few  cont;racts  for  new  plants  have  been  placed, 
which  is  not  surprising  owing  to  the  unstability  of  the 
money  and  the  continuous  rapid  depreciation  of  the 
paper  money.  It  is  quite  impossible  to  get  a  binding 
quotation  for  large  contracts  and  while  a  coking  plant 
could  be  built  before  the  war  completely  for  a  price  ap- 
proaching something  like  8,000  marks  per  oven,  this  fig- 
ure has  since  increased  to  1,000,000  marks  and  the 
costs  of  even  a  moderate  sized  plant  is  in  most  cases 
quite  out  of  proportion  to  the  share  capital  of  the  coni- 
ipany.  The  latter,  however,  is  with  most  companies  alto- 
gether out  of  proportion  to  the  present  money  value  and 
the  value  of  the  assets. 

The  German  coking  industry  as  a  whole  is  in  a  singu- 
lar condition  in  that  most  of  the  Rhenish-Westfalian 
plants  are  tied  to  the  huge  distribution  center  supplying 
an  enormous  district  with  domestic  gas.  The  former  gas 
works  have  been  dismantled  in  these  towns  and  conse- 
quently there  are  no  emergency  plants  in  case  of  the 
coke  works  giving  out.  In  addition  the  peace  treaty  de- 
mands huge  quantities  of  benzol  and  sulphate  which 
must  be  delivered  to  France.  On  the  other  hand,  the 
coke  trade  is  slack  and  has  necessarily  followed  the  slump 
in  the  iron  and  steel  trade.  The  result  is  that,  irrespec- 
tive of  a  very  insignificant  coke  demand,  the  ovens  must 


be  kept  going  at  full  speed  to  produce  gas,  benzol  and 
sulphate  and  consequently  huge  stocks  of  coke  can  be 
noticed  to  be  accumulating  at  almost  every  coking  plant, 
the  coke  pile  often  exceeds  in  size  the  adjacent  refuse 
heap  of  the  coal  mine. 

Before  the  war  labor  was  very  cheap  and  plentiful 
in  Germany,  comparatively,  so  that  its  charges  did  not 
show  very  much  on  the  coke  prices.  The  after-war  con- 
ditions have  brought  about  an  entire  change  in  this  di- 
rection, mainly  as  a  result  of  the  compulsory  eight-hour 
shift.  While  before  the  war  the  coke  was  treated  by 
hand  on  a  flat  bench  at  a  great  majority  of  the  plants, 
great  efforts  have  since  been  made  to  introduce  me- 
chanical quenching  and  loading  arrangements.  In  adapt- 
ing them  to  existing  local  conditions,  there  are  different 
devices  on  every  plant  for  this  purpose.  The  treatment 
of  the  coke  by  hand  on  a  coke  bench  is  disappearing  rap- 
idly now. 

On  the  whole  there  is  no  appreciable  difference  be- 
tween European  and  American  coking  practice  except 
in  the  fact  that  as  the  American  by-product  coking  prac- 
tice is  much  younger  it  is  more  concentrated  in  large 
plants  with  larger  units  than  in  Europe  where  the  plants 
in  the  majority  are  older  and  scattered  about  in  smaller 
units.  It  would,  however,  be  wrong  to  call  them  old 
fashioned  or  out  of  date.  All  new  innovations  are 
eagerly  tried  and  if  practical  are  introduced  in  all  plants 
so  as  to  increase  the  efficiency  and  economy  of  the  plants. 

The  enormous  coal  supplies  which'  the  Versailles 
treaty  extracts  from  Germany  have  naturally  created 
an  acute  scarcity  of  fuel,  and  heat  economy  all  around 
is  necessarily  the  watchword.  Skilled  engineers  have 
been  engaged  on  every  industrial  plant  and  especially  on 
coke  works,  which  are  being  tested  throughout  a&  to 
their  efficiency  at  repeated  intervals  and  particularly  to 
watch  that  no  recoverable  waste  heat  is  allowed  to 
escape  unused.  The  introduction  of  these  heat  eco- 
nomists must  be  held  responsible  for  extensive  trials  of 
many  new  innovations  which  a  few  years  back  were 
thought  impracticable  and  which,  although  as  yet  in  their 
trial  state,  are  bound  to  come  to  stay  in  the  next  few 
years.  In  connection  with  this  must  be  mentioned  first 
of  all  the  recovery  of  the  incandescent  heat  of  the  coke 
leaving  the  ovens,  which  is  now  not  used  and  destroyed 
by  quenching  with  water.  The  cooling  of  the  coke  by 
inert  gases  not  only  enables  the  recovery  of  the  heat,  but 
at  the  same  time  improves  the  physical  condition  of  the 
coke  considerably.  As  futher  means  to  improve  the 
coke  must  be  mentioned  the  elimination  of  ash  from  the 
coking  coal  by  means  of  the  froth  flotation  process, 
tried  experimentally  also  in  England  by  Bury  and  which 
was  being  accomplished  at  the  same  time  on  a  commer- 
cial scale  in  Germany. 

In  the  by-product  plant  innovations  must  be  men- 
tioned as  new  innovations,  the  introduction  of  electrically 
operated  gas  governors,  though  their  first  appearance 
dates  some  years  back.  They  have  now  been  consider- 
ably improved  and  generally  introduced.  The  electro 
static  precipitation  of  tar  fog  is  undergoing  extensive 
trials  and  the  prevention  of  lime  deposits  in  ammonia 
stills  has  been  accomplished  by  a  new  plant.  The  absorp- 
tion of  the  benzol  hydrocarbons  by  means  of  a  dry  solid 
absorbent,  viz.,  the  so-called  activated  charcoal,  is  also 
being  investigated  on  a  commercial  scale. 

Prominent  scientists  are  again  eagerly  engaged  in 
finding  means  to  utilize  the  sulphur  contained  in  the  coal 
gas  as  a  binder  for  the  ammonia,  thereby  eliminating 
the  introduction  of  the  expensive  sulphuric  acid.    After 
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the  processes  by  Burkheiscr  and  by  Feld  whicb  many 
years  ago  made  their  appearance  and  were  followed  up 
with  the  closest  interest,  and  which  have  not  proved 
'workable  on  a  commercial  scale,  the  problem  is  ap- 
proached now   from  every  possible  direction. 

While  as  yet  the  great  majority  by  far  of  the  ex- 
isting coke  plants — it  will  be  understood  that  the  last 
beehive  or  non-by-product  coke  oven  has  disappeared 
from  Germany  many  years  ago — are  situated  at  the  coal 
mines,  there  is  now  a  great  tendency  apparent  to  place 
new  coking  plants  on  the  same  ground  with  the  iron 
works  in  order  to  be  able  to  utilize  the  surplus  gas  from 
the  blast  furnaces  for  heating  the  coke  ovens  and  having 
the  whole  amount  of  coke  oven  gas  available  either  for 
domestic  purposes  or  for  the  steel  plants.  The  coke 
ovens  act  then  as  heat  transformers. 

The  application  of  coke  ovens  to  gas  works  is  highly 
developed  on  the  European  Continent.  The  majority  of 
European  capitals  are  operating  coke  ovens  at  their  gas 
works  which  offer  the  advantage  of  being  drawn  and 
charged  mostly  on  one  shift  only.  To  mention  a  few, 
Berlin,  Vienna  and  Budapest  are  operating  Koppers 
ovens ;  Munich  has  adopted  the  inclined  coke  oven  by 
Ries;  at  the  Haag  are  ovens  by  Klonne  and  at  Kiel  the 
Otto  Company  has  very  successfully  introduced  a  bat- 
tery of  new  recuperative  ovens  with  vertical  flues. 

On  the  newly  constructed  coking  plants  in  Europe, 
an  extensive  and  ever  increasing  use  of  ferro  concrete 
structures  can  be  conspicuously  noticed.  Coal  hoppers 
are  almost  exclusively  built  of  this  material  as  well  as 
the  side  structures  of  the  ovens  for  machine  tracks.  In 
addition  concrete  tanks  for  tar,  liquor  and  oils  come 
more  and  more  into  favor  wherever  a  plant  is  built  on 
ground  free  from  subsidences.  Concrete  tanks  offer  the 
advantage  of  resisting  corrosion  much  better  than  iron 
or  steel  plates. 

Although  low  temperature  carbonization  was  prac- 
tically unknown  in  Germany  before  the  war,  it  has 
been  taken  up  as  a  side  line  experimentally  by  the  iron 
and  steel  industry  and  several  plants  on  a  commercial 
scale  are  under  erection  and  will  be  started  early  next 
year,  the  results  of  which  are  awaited  with  interest. 

Belgium. 

The  Belgian  coking  industry  has  soon  rallied  to  pre- 
war capacity  and  while  little  constructional  work  has 
been  carried  out,  the  plant  which  was  being  built  in  10] 4 
at  Vilvorde  (a  suburb  of  Brussels)  by  the  Semet-Solvav 
Company  and  stopped  by  the  outbreak  of  the  war  has 
been  completed  and  started  early  in  1921.  It  consists 
of  two  batteries  of  38  regenerator  ovens  each,  from 
which  the  gas  is  taken  off  in  two  fractions,  of  which 
the  first  helps  to  supply  the  City  of  Brussels  with  domes- 
tic gas.  While  the  coal  mined  in  Belgium  is  rather  lean 
for  coking,  it  was  formerly  mixed  with  a  corresponding 
amount  of  English  coal  high  in  volatile  matter  before 
charging  it  into  the  coke  ovens.  These  coals  being  too 
expensive  now,  German  coals  from  the  compulsory  de- 
liveries of  the  peace  treaty  are  used  in  their  stead. 

France. 

While  a  number  of  coking  plants  in  France  have  been 
destroyed  by  the  war,  the  total  coking  capacity  has  been 
increased  by  the  acquisition  of  the  Lorraine  and  Saar 
districts.  These  southern  coals  are  as  a  rule  of  poor 
coking  quality  and  must  be  compressed  before  charging 
them  as  otherwise  they  will  not  bind  to  coke  at  all.  While 
these  industrial  centers  were  under  German  control,  the 
rather  brittle  coke  was  generally  mixed  with  coke  from 


the  Ruhr  district  which  is  ot  much  superior  quality.  The 
absence  of  this  coke  has  been  keenly  felt  after  the  war 
at  the  Lorraine  and  Luxemburg  works  so  that  .special 
efforts  are  being  made  to  improve  if  possible  the  coke 
from  the  .'^aar  district.  New  ways  to  obtain  a  .satisfac- 
tory industrial  coke  from  these  coals  are  said  to  have 
been  discovered  by  trials,  but  no  details  have  been  pub- 
lished so  far.  The  coking  plants  in  the  devastated  areas 
are  to  be  rebuilt  together  with  the  mines,  but  some  time 
will  elapse  yet  before  construction  can  be  commenced. 

Conclusion. 

Wliile  this  gives  an  outline  of  the  main  coking  cen- 
ters of  Europe,  a  few  coking  (|uarters  of  minor  im- 
portance have  been  omitted,  jiarticularly  the  coal  field 
covered  by  Silesia,  Austria,  Poland  and  Czecho  Slo- 
venia have  not  been  mentioned.  The  political  sky  in 
that  region  has  been  so  much  in  prominence  and  so  totally 
clouded  everything  else  during  the  whole  of  last  year 
that  the  conditions  of  the  coking  industry  remained  en- 
veloped for  the  writer. 

A  modernly  equipped  coking  plant  should  be  men- 
tioned operating  120  regenerator  ovens  by  Hinselmann 
at  the  government  mine  Emma  in  Holland  and  making 
so  excellent  a  coke  that  it  is  not  affected  by  any  fluctua- 
tions of  the  coke  market. 

A  single  coke  oven  plant  consisting  of  60  Koppers 
regenerator  ovens  at  the  Oxelosund's  iron  works  in  Swe- 
den operating  upon  Pocahontas  and  West  Virginia  coals 
from  America  under  the  writer's  supervision  was  shut 
down  altogether  early  in  1921  :  it  being  impossible  in 
Sweden  to  compete  against  the  prices  for  coke  imported 
from  England  and  pig  iron  from  Lu.xemburg,  owing  to 
the  unfavorable  rate  of  exchange. 

In  summarizing,  one  can  safely  assume  that  after  the 
involuntary  impediment  in  the  development  of  the  cok- 
ing industry  on  account  of  the  war,  new  progress  is  to 
be  expected  in  the  coming  year.  The  new  innovations 
mentioned  in  this  report  are  also  known  in  the  by- 
product coke  industry  of  America.  The  froth  flotation 
of  coal  has  been  frequently  treated  in  American  scien- 
tific journals ;  the  cooling  of  incandescent  coke  by  inert 
gases  has  been  described  by  the  writer  recently  in  the 
Iron  Trades  Review.  The  electrostatic  precipitation  of 
tar  fog  is  not  sufficiently  advanced  yet  to  be  able  to  re- 
port practical  results.  The  construction  of  electrically 
operated  gas  governors  and  of. a  plant  preventing  the 
lime  from  depositing  in  ammonia  stills  will  form  the 
subject  of  two  further  articles  by  the  writer  in  these 
columns. 


ACCIDENTS  IN  THE  STEEL  INDUSTRY. 

The  total  steel  mill  accident  rate,  per  10,000,000 
hours  worked,  has  fallen  in  America  55  per  cent  since 
1907,  and  the  fatal  accident  rate  has  fallen  more  than  70 
])er  cent,  as  shown  by  figures  of  the  Department  of 
Labor.  The  figures  given  for  1907,  per  10.000,000  hours 
worked,  show  7  deaths,  13  cases  of  permanent  disability, 
788  cases  of  temporary  disability  and  a  total  of  808  cases. 
For  1920  these  figures  were  2  deaths,  9  permanent  dis- 
abilit}-,  357  temporary  disability  and  368  cases  in  all. 
Severity  rates  fell  in  about  the  same  proportion  as  fre- 
<|uency  rates.  Figures  for  1907  showed  an  average  of 
72  days  lost  for  each  10,000  hours  of  exposure.  In 
1920  the  loss  was  only  27  days.  .Ml  departments,  save 
the  electrical,  shared  in  this  gain,  the  open  hearth  and 
blast  furnace  plants  showing  the  greatest  decreases,  and 
needing  to  do  so,  for  their  rates  in  1907  were  more  than 
double  the  average  of  the  other  departments. 
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By -Product  Coke  Oven  Industry  in  1921 

The  Feature  of  This  Year  in  the  By-Product  Coke  Industry  Has 
Been  the  Numerous  New  Ideas  Developed  in  Relation  to  By- 
Product  Coke  Oven  Practice. 

By  C.  J.  RAMSBURG 
Vice   President,  The   Koppers  Company 


A  RESUME  of  the  By-Product  Coke  Industry  in 
1921  indicates  that  there  have  been  fewer  ovens 
built  during  this  year  than  in  any  year  since  1914. 
This  is  largely  due  to  the  general  business  depression 
which  has  been  prevalent  throughout  the  country.  Ac- 
cording to  the  best  information  obtainable,  the  follow- 
ing ovens  were  completed  during  1921  : 

No.  of         Type  of 
Company  Location       Ovens  Ovens 

Chicago  By-Product 

Coke  Co.,  Chicago,  111.         100       Koppers 

Camden  Coke  Company      Camden,  N.  J.      37      Koppers 

Dominion  Iron  &  Steel 
Co.,  Sydney,  N.  S.        60      Koppers 

Milwaukee  Coke  &  Gas 

Co.,  Milwaukee,  Wis.   50      Koppers 

American    Coke    & 

Chemical    Co.,  Granite  City,  III.    80       Roberts 

C'amhria  Steel  Com- 
pany Johnstown  80      Semct-Solvay 

Great  Progress  Made. 

Although  less  construction  work  has  been  done, 
there  has  been  great  progress  made  in  this  industry 
during  the  past  year  by  the  development  of  new  ideas 
in  relation  to  by-product  coke  oven  practice. 

Underfiring  Ovens  with  Producer  Gas. 

One  great  improvement  has  been  the  increased  sub- 
stitution of  producer  gas  for  underfiring  coke  ovens. 
At  the  plant  of  the  Seaboard  By-Product  Coke  Com- 
pany, Jersey  City,  N.  J.,  6  Koppers-Kerpely  Producers 
have  been  built,  which  furnish  producer  gas  for  under- 
firing 110  Koppers  Combination  Ovens.  There  has 
also  been  completed  and  put  into  operation  a  battery 
of  37  Koppers  Combination  Ovens  for  the  Camden 
Coke  Company  at  Camden,  N.  J.,  together  with  4 
Koppers-Kerpely  Producers,  which  furnish  gas  for 
underfiring  these  ovens. 

As  in  normal  modern  by-product  coke  oven  prac- 
tice, from  30  to  40  per  cent  of  the  total  gas  recovered 
in  coking  is  returned  to  the  ovens  for  underfiring,  the 
importance  of  this  development  can  scarcely  be  over- 
estimated. 

A  few  operating  figures  may  be  of  interest  in  this 
connection  : 

Approximate  amount  of  gas  produced  per  ton  of 
coke  used  in  producers — 150,000  cu.  ft. 

Average  heating  value  of  gas — 129  Btu.  per  cu.  ft. 
Average  analysis  of  gas : 

CO:  2.5% 

O2  0.5% 

CO   30.0% 

H,  10.0% 

CH,    1-5% 

N.   54.5% 


Coke  required  per  M.  ft.  of  coke  oven  gas  released — 
55.4  lbs. 

Coke  oven  gas  released  per  ton  of  coke  used  in  pro- 
ducers— 36,100  cu.  ft. 

A  brief  description  of  the  producers  erected  at  these 
two  plants  may  be  of  interest  as  they  are  the  first  in- 
stallations of  this  type  of  producer  in  this  country. 
They  are  designed  to  use  the  small  size  coke,  between 
blast  furnace  sizes  and  breeze,  and  each  producer  has 
a  capacity  for  gasifying  approximately  30  tons  per 
day.  The  producers  are  of  the  revolving  grate  type 
with  stationary  water  cooled  shell  built  up  as  a  low 
pressure  boiler,  which  generates  sufficient  steam  for 
the  operation  of  the  producers.  The  producer  plant 
is  also  equipped  with  high  pressure  waste  heat  boilers, 
which  furnish  more  than  sufficient  steam  for  the  oper- 
ation of  the  producer  gas  cleaning  plant  and  gas  boost- 
ers. The  entire  producer  plant  installation  is  of  very 
rugged  construction  and  equipped  with  all  labor  saving 
devices,  which  tend  to  reduce  operating  costs  to  a 
minimum. 

Narrower  and  Higher  Ovens. 

Another  feature  of  the  year  has  been  the  comple- 
tion and  beginning  of  operation  of  plants  consisting 
of  the  narrower  and  higher  type  of  ovens.  In  the  older 
type  of  Koppers  oven,  the  height  of  coal  mass  has 
generally  been  approximately  8  ft.  10  in.,  whereas  in 
the  newer  type  of  oven  now  in  operation  at  Chicago, 
the  coal  mass  has  a  height  of  11  ft.  These  ovens  have 
an  average  width  of  only  15)^  in.  It  is  now  well  estab- 
lished that  the  higher  and  narrower  oven  will  give  the 
best  operating  results. 

Liquid  Purification. 

Another  interesting  feature  of  the  year  has  been  the 
development  by  the  Research  Department  of  The 
Koppers  Company  of  a  new  method  of  purifying  gas. 
The  limited  space  available  here  does  not  permit  a 
description  of  this  process,  but  it  has  been  well  estab- 
lished in  actual  operation  that  the  cost  of  purifying 
gas  by  this  method  is  less  than  half  the  cost  under  the 
dry  oxide  purification  method,  with  equally  good  re- 
sults. This  new,  simple  and  inexpensive  method  of 
removing  hydrogen  sulphide  from  the  gas  will  prob- 
ably prove  to  be  of  great  value  to  the  steel  industry. 

New  Construction. 

There  is  very  little  new  construction  going  on  at 
the  present  time.  The  only  ovens  now  being  built 
are  the  remaining  100  Koppers  ovens  for  the  Mil- 
waukee Coke  &  Gas  Companv  at  Milwaukee.  \\'is- 
consin,  and  the  rebuilding  of  30  ovens  for  the  Wood- 
ward Iron  Company  at  Woodward,  Alabama,  which 
is  being  done  by  The  Koppers  Company. 
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Summary. 

On  the  wliule,  the  By-Prodiicts  Coke  Oven  Industry 
has  come  through  the  trying  times  of  the  past  year 
in  very  good  shape.  The  value  of  operating  by-product 
coke  plants  in  connection  with  the  iron  and  steel  plant 
has  never  been  more  conclusively  shown,  for,  due  to 
the  great  flexibility  possible  in  by-product  coke  o\-en 
operation,  it  was  a  simple  matter  to  adjust  this  to  meet 


the  var3-ing  demands  of  the  steel  plants  for  coke  and 
gas. 

One  deterrent  feature  has  been  the  subject  of 
freight  rates.  In  many  cases  the  existing  rates  have 
proven  discriminatory  in  favor  of  the  beehive  coke. 
However,  negotiations  are  now  under  way  looking  to- 
ward the  adjustment  of  these  rates,  and  it  is  believed 
that  when  this  is  accomplished  it  will  have  a  favorable 
reaction  on  the  By-Product  Coke  Oven  Industry. 


Recent  Development  in  Steel  Mill  Cranes 

Modern  Improvements  in  Cranes  Have  Been  Dictated  Largely  by 
Three  Aims,  Safety,  Accessibility  and  Standardization. 

By  GORDON  FOX* 


DURING  the  war  period  there  was  not  a  marked 
improvement  in  crane  design  and  construction. 
The  heavy  demand  together  with  the  requirement 
for  quick  delivery  resulted  in  cranes  built  largely  to 
"manufacturers'  specifications"  and  therefore  largely 
duplicating  previous  practice.  With  the  present  compe- 
tition the  manufacturers  are  alert  and  receptive  to  the 
purchasers'  desires.  The  present  situaliDn  is  therefore 
favorable  to  improvement. 

Probably  the  most  important  recent  development  is 
the  adoption  by  the  Association  of  Iron  and  Steel  Elec- 
trical Engineers  at  their  Chicago  convention  of  a  stand- 
ard code  of  specifications.  This  code  is  sufifi:iently  lib- 
eral to  warrant  its  general  adoption,  yet  sufficiently  .'spe- 
cific to  result  in  standardization  along  th:  lines  of  the 
"mill  type"  crane.  This  code  will  no  doubt  become  more 
or  less  entrenched  through  its  influence  on  state  regu- 
lations. 

Recent  improvements  in  cranes  have  been  dictated 
largely  by  three  aims,  viz.,  safety,  accessibility  and 
standardization.  The  trend  is  decidedly  toward  the  in- 
clusion of  all  reasonable  safety  features.  More  .spa- 
cious cabs  are  provided  to  house  magnetic  control  with- 
out unsafe  crowding.  Cabs  of  hot  metal  cranes  arc 
fireproofed  and  exits  carefully  provided.  Wiring  is  more 
thoroughly  enclosed  in  conduit  and  safety  switches  with 
locks  employed.  Limit  switches  are  becoming  quite  uni- 
versal although  not  always  of  satisfactory  type.  Gears 
are  entirely  covered  and  shafts  and  couplings  are  pro- 
tected. Liberal  walks  with  toe  boards  are  more  com- 
mon and  shields  or  plates  are  being  put  beneath  parts 
which  are  liable  to  become  loose  and  fall.  These  are 
but  a  few  examples  of  the  general  trend. 

Accessibility  is  being  demanded  in  order  that  repairs 
may  be  more  rapidly,  safely  and  cheaply  made.  The 
older  designs,  more  or  less  inaccessible,  are  becoming 
less  acceptable.  Attention  is  being  directed  to  render 
the  oiling  of  cranes  more  convenient  so  that  it  may  be 
more  safely  and  certainly  performed.  Provision  is  made 
on  some  cranes  or  their  runways  to  atYord  better  access 
to  the  end  trucks  and  in  a  few  instances  platforms  have 
been  provided  under  the  trolley  to  prevent  the  need  of 
slings  and  scafl'olds  in  reaching  sheaves  or  other  parts. 
"Fiddle  string"  trolley  wires  are    now    almost    entirely 

♦Mr.  Fox  is  electrical  engineer  for  the  Frcyn,  Erassert 
&  Company,  Chicago,  111. 


eliminated,  being  replaced  by  bars  or  angles  and  located 
above  the  bridge  girder  which  are  more  easily  accessible 
for  cleaning  or  other  repair. 

The  adoption  of  the  A.  I.  S.  E.  E.  code  will  further 
the  cause  of  standardization  through  the  adoption  of 
standard  shafting,  couplings,  gears,  wheels  and  other 
parts.  The  significance  of  standardization  is  tremen- 
dous, particularly  in  the  larger  plants. 

Of  interest  electrically  is  the  almost  universal  use  of 
dynamic  braking  with  direct  current  hoist  motors  and 
the  more  frequent  realization  of  the  possibilities  of  ad- 
justment for  independent  hoisting  and  lowering  speeds. 
A  new  brake  has  been  developed  for  hoist  duty  on  alter- 
nating ciu-rent  cranes.  This  brake  is  designed  to  afford 
adjus:able  braking  torque  in  lowering  in  addition  to 
holding  a  fixed  load.  This  brake  makes  possible  the 
elimination  of  the  mechanical  load  brake  on  alterating 
current  cranes. 

A  few  cranes  have  recently  been  constructed  using 
ball  or  roller  bearings,  at  least  in  part.  It  would  seem 
tliat  this  type  of  bearing  must  establish  superiority  by 
decreasing  maintenance  rather  than  by  reducing  fric- 
tion. The  greater  portion  of  a  hoisting  load  is  useful 
work.  Much  the  greater  portion  of  trolley  and  bridge 
loads  are  due  to  inertia.  Flange  friction  is  a  more  seri- 
ous oft'ender  than  bearing  friction.  The  advantages  of 
reduced  bearing  friction  do  not  appear  of  pre-eminent 
importance. 

Tliere  has  been  developed  for  the  locomotive  shop  a 
four  girder  four  trolley  crane  or  a  combination  of  two 
two  girder,  double  trolley  cranes  arranged  to  permit 
hoisting  the  locomotive  between  the  girders.  This  de- 
creases the  headroom  and  lowers  the  building  cost.  It 
also  permits  these  cranes  to  be  located  on  a  lower  run- 
way, nearer  the  work. 


COMPANY  TRIES  TO  ENLARGE  HOLDING 

The  .\merican  Rolling  Mill  Company.  Middletown, 
Ohio,  has  made  a  definite  proposition  for  the  purchase 
of  the  assets  of  the  .\shland  Iron  &  Mining  Companv, 
Ashland,  Ky.  .Should  the  deal  go  through,  the  .Amer- 
ican Rolling  Mill  Conxpany  will  acquire  two  blast  fur- 
"naces  with  a  capacity  of  100.000  tons  of  pig  iron  yearly: 
a  practically  new  open  hearth  department,  consisting  of 
six  100-ton  furnaces;  a  very  modern  bloonn'ng  mill  and 
six  sheet  mills. 
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Blast  Furnace  Department 


Interesting  Sinterir.^  Plr,n'c  at  Birdsboro,  Pa. 
By  B.  G.  KLUGH 


Hot  Biast  G:cvc  Ritlr.j 
By  F.  II.  WILCOX 


New  Blast  Furnace  zt  McKecsport 
By  DONALD  N.  WATKINS 
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Interesting  Sintering  Plant  atBirdsboro,  Pa. 

Description  of  the  Sintering  Plant  Built  for  the  E.  &  G.  Brooke 
Iron  Company  at  Birdsboro,  Pa. — Reclamation  of  Long  Aban- 
doned Iron  Mine  by  Means  of  This  Process. 

By  B.  G.  KLUGH* 


THE  new  sintering  plant  of  the  E.  &  G.  Brooke  Iron 
Coinpanv  at  their  Birdsboro,  Pa.,  works  is  of  inter- 
est from  several  standpoints.  It  functions  in  con- 
serving and  utilizing  the  iron  ore  resources,  embodies 
the  highest  development  of  sintering  plant  engineering 
to  date,  and  features  an  example  of  highly  successful 
outgrowth  of  the  entire  historic  background  of  sinter- 
ing iron  bearing  materials. 

It  is  of  unique  interest  to  preface  the  technical  de- 
.scription  of  this  plant  with  a  brief  recital  of  its  fore- 
runners. 

The  first  plant  to  operate  on  the  down  draft  blast 
roast  treatment  of   iron  bearing  materials  was  built  at 


Fig.  1. 

this  works  in  1911.  Although  of  rather  crude  design 
inherent  to  initial  installation,  it  operated  quite  success- 
fully from  the  start,  treating  flue  dust,  both  the  current 
production  and  that  of  the  stock  pile,  the  latter  being  an 
accumulation  of  flue  dust  from  the  period  of  anthracite 
fuel  to  that  time. 

This  plant  was  built  and  operated  by  the  American 
Ore  Reclamation  Company  on  a  conversion  agreement 
with  the  E.  &  G.  Brooke  Iron  Company.  Although  this 
first  plant  was  naturally  of  rather  crude  design  and 
construction,  it  was  operated  profitably  until  the  entire 
stock  pile  was  consumed  and  the  furnace  plant  closed 
down  for  relining  in  September,  1912. 

Operations  were  resumed  in  February,  1913.  The 
plant  was  then  operated  on  current  flue  dust  from  the 
E.  &  G.  Brooke  Iron  Company's  furnaces  and  on  flue 

♦The  author  is  secretary  of  the  American  Ore  Reclama- 
tion Company. 


dust  purchased  from  other  furnaces  in  the  district. 

With  the  depletion  of  the  flue  dust  stock  pile,  the 
necessity  of  finding  other  materials  that  might  be  profit- 
ably treated  in  this  plant  arose.  The  fact  that  the  proc- 
ess simultaneously  desulphurizes  and  sinters  materials 
efiiciently,  had  been  established  in  numerous  tests  on 
this  plant.  The  desulphurization  of  the  French  Creek 
ore  bed  had  been  anticipated  as  a  possibility  from  the 
inception  of  this  sintering  plant. 

The  French  Creek  mines  owned  by  the  Brooke  inter- 
ests are  located  in  Chester  County  about  10  miles  from 
Birdsboro.  Ore  had  been  taken  from  this  deposit  dating 
back  to  Revolutionary  days,  and  this  specific  mine  was 
operated  spasmodically  for  many  years,  with  attempts  at 
smelting  the  ore  both  raw  and  with  various  roasting 
processes.  The  high  sulphur  and  great  variation  in  lime 
content  prevented  their  successful  use,  and  although  it 
was  known  that  a  large  body  of  the  ore  existed,  the 
results  of  their  smelting  had  been  so  discouraging  that 
they  were  abandoned  in  1896.  A  further  attempt  to  use 
this  ore  by  preroasting  in  Gjers  kilns  was  made  in  1898, 
but  after  a  year's  trial  the  mine  was  closed  and  consid- 
ered permanently  abandoned.  During  the  interim,  for- 
eign and  Lake  Superior  ores  were  used  in  the  Brooke 
furnaces. 

Tests  showed  that  by  crushing  French  Creek  ore  to 
]/i-m.  size  and  sintering  with  about  .3//4  per  cent  carbon, 
the  sulphur  could  be  eliminated  down  to  under  0.1  per 
cent.  Furthermore,  the  fine  crushing  permitted  the  ob- 
taining of  a  uniform  nnxture,  eliminating  the  variation 
that  existed  in  run-of-mine  lump  ores.  An  additional 
advantage  obviously  lay  in  the  fact  that  while  the  dense 
lump  magnetite  presented  very  limited  area  of  contact  to 
the  action  of  the  reducing  gases  in  the  furnace,  result- 
ing principally  in  hearth  reduction,  high  fuel  consump- 
tion and  low  furnace  production,  the  sintered  product, 
consisting  of  cellular  structure,  presents  great  area  of 
contact  to  the  gases,  with  uniform  resistance  over  the 
entire  section  of  the  stock  column,  obviating  the  in- 
herently objectionable  features  to  smelting  massive 
magnetites. 

With  this  in  view,  sufficient  ore  was  taken  from  a 
stock  pile  that  had  lain  at  the  French  Creek  mine  for 
.several  years  to  make  a  sintering  and  furnace  test  on 
the  French  Creek  ore. 

The  results  were  so  satisfactory  that  the  small  sin- 
tering plant  was  taken  over  by  the  E.  &  G.  Brooke  Iron 
Company,  and  a  crushing  plant  built  to  operate  in  con- 
junction with  the  sintering  plant,  for  the  treatment  of 
their  French  Creek  ore. 

-A.  number  of  improvements  were  made  on  the  ori- 
ginal plant,  in  the  way  of  improved  handling  equipment, 
larger  fans,  better  ignition  equipment,  larger  and  better 
pugmill  construction,  etc.      The  Brooke  people  further 
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made  large  investments  toward  reopening  their  mines 
and  providing  modern  mining  equipment.  The  develop- 
ment of  these  mines  naturally  required  considerable 
time  to  attain  an  economical  output. 

The  operation  of  this  sintering  plant,  known  as  plant 
No.  1,  was  continued  until  April,  1919,  during  which 
period  it  produced  over  200,000  gross  tons  of  sinter. 

The  results  obtained  from  the  small  plant  were  so 
satisfactory  that  it  was  determined  to  build  a  larger 
plant  to  meet  the  demand  for  a  greater  tonnage.  This 
larger  plant,  known  as  plant  No.  2,  was  started  Febru- 
ary 21,  1919. 

This  installation  consisted  of  one  American  Ore 
Reclamation  Company  42  in.  by  57  ft.  4  in.  machine  of 
200  square  feet  hearth  area,  with  proportionate  auxiliary 
equipment.  The  building  was  of  wood  construction  and 
adjacent  to  the  old  sintering  plant,  so  as  to  utilize  the 
existing  crushing  plant.  The  new  large  plant  was  oper- 
ated very  successfully  until  totally  destroyed  with  the 
crushing  plant  on  Mav  5,  1920,  after  producing  about 
100,000' tons  of  sinter.' 

Notwithstanding  the  heavy  loss  sustained  by  this  fire, 
the  E.  &  G.  Brooke  Iron  Company  decided  to  build  a 
larger  and  more  modern  plant  immediately.  This  in- 
cluded a  new  and  modern  crushing  plant,  in  conjunc- 
tion with  the  sintering  plant,  the  description  of  which 
forms  the  basis  of  this  article. 

The  crushing  plant  deserves  a  special  article  for  its 
description,  hence  will  not  be  described  here.  Its  design 
and  construction  b\'  Messrs.  W.  B.  Devereux,  Jr.,  of 
Wilkins  &  Devereux,  120  Broadway,  New  York  City, 
and  M.  T.  Hoster,  manager  of  mines,  for  the  company, 
embodies  the  latest  development  in  crushing,  screening 
and  handling  equipment.  The  crushers  and  rolls  in  this 
plant  were  designed  by  the  C.  G.  Buchanan  Company 
and  built  by  the  BirdslDoro  Steel  Foundry  and  Machine 
Company. 

The  run  of  mine  ore  is  delivered  from  standard  gauge 
cars  into  a  track  hopper,  and  from  there  by  a  series  of 
continuous  steps,  the  material  is  screened  and  crushed 
automatically,  and  the  product  of  minus  %-in.  crushed 
ore  is  delivered  by  means  of  an  inclined  conveyor  onto 
a  shuttle  belt,  which  distributes  it  antong  the  sintering 
plant  bins. 

Storage  Equipment. 

There  are  8  bins,  arranged  in  a  straight  line,  each 
of  200  tons  capacity  and  of  circular  section.  The  tops 
of  the  bins  are  covered  with  cast  iron  grating,  with  2-in. 
square  openings,  all  continuous.  A  standard  gauge  track 
is  provided  over  the  two  end  bins  for  discharging  flue 
dust,  fine  sintering  fuel,  return  fines  or  other  materials 
directly  thereinto.  The  entire  bin  equipment  is  housed 
in  a  steel  building  arranged  at  a  right  angle  to  the  sin- 
tering building  proper.  This  covering  extends  over  the 
top  of  the  bins  with  ample  head  room  to  admit  a  loco- 
motive to  run  thereinto. 

Feeding  and  Proportioning  Equipment. 

Each  bin  is  served  at  its  bottom  with  a  revolving 
disc  feeder  of  the  American  Ore  Reclamation  Company 
design.  The  feeders  are  in  principle  the  same  as  that  in 
many  other  sintering  plants,  with  the  exception  of  the 
drive.  This  drive  consists  of  a  worm  gear  mounted  on 
main  drive  shaft.  The  latter  shaft  runs  the  full  length 
of  the  bins,  and  each  worm  is  independently  provided 
with  a  jaw  clutch  by  which  any  one  of  the  feeders  may 
be  thrown  in  or  out  of  service  without  disturbing  the 
others. 


This  arrangement  makes  it  possible  to  eliminate  the 
double  reduction  used  where  bevel  and  spur  gear  drives 
are  used,  and  provides  simplicity  in  that  only  one  shaft, 
through  the  line  of  bins  is  necessary.  Notwithstanding 
the  rather  wide  objection  to  worm  drives,  this  was  in- 
stalled, using  a  very  heavy  cast  iron  worm  and  gear. 
The  plant  has  been  in  operation  for  some  time  and  no 
signs  of  under  wear  on  the  slow  moving,  positive,  and 
non-vibrant  drive  have  appeared.  This  type  of  feeder 
embodying  a  positive  volumetic  feeding  device  was  ori- 
ginally developed  by  the  American  Ore  Reclamation 
Company  and  is  in  use  in  15  plants,  including  the  re- 
cently described  plant  of  the  Cambria  Steel  Company. 
Slight  differences  in  the  details  of  the  method  of  driving 
this  feeder  exist  in  the  various  plants. 

Collecting  Belt. 

-All  oi  the  eight  feeders  discharge  onto  a  .50-in.  belt 
conveyor  which  is  located  parallel  to  the  line  of  feeders. 
The  conveying  side  of  the  belt  is  arranged  under  the  dis- 
charge edge  of  the  feeder  discs,  so  that  no  spouts  or  skirt 
boards  are  required  to  prevent  spillage.  The  material 
as  delivered  from  the  several  feeders  onto  the  belt  forms 
a  continuous  stratified  layer,  which  is  maintained  in  a 
uniformlv  proportionate  mixture  as  discharged  from  the 
belt. 

Bucket  Elevator. 

The  collecting  belt  discharges  into  the  boot  of  a  belt 
bucket  elevator,  consisting  of  a  20-in  heavy  rubber  belt 
with  18-in.  style  B  malleable  iron  buckets,  spaced  about 
18  inches  apart.  The  elevator  is  wholly  enclosed  in  steel 
plate  casing  and  slightly  inclined.  The  upgoing  strand 
is  provided  with  supporting  idler  pulleys,  having  bear- 
ings and  lubrication  outside  the  casing.  The  elevator  runs 
at  a  speed  of  250  rpm.  The  performance  is  highly  sat- 
isfactory, having  no  objectional  spillage  or  tendency  to 
clogging. 

Distribution  of  Elevator  Discharge. 

Provision  is  made  for  distribution  of  the  sintering 
mixture,  as  discharged  from  the  head  of  the  elevator,  to 
two  sintering  machines.  This  consists  of  a  mechanically 
operated  oscillating  cutter  gate,  in  the  discharge  spout 
of  the  elevator,  which  divides  the  stream  into  two  parts, 
each  being  delivered  through  two  sections  of  a  bifurcated 
spout  onto  respective  inclined  conveyors.  The  two  con- 
veyors are  each  about  6  ft.  6  in.  centers,  and  are  24  in. 
wide,  and  discharge  directly  into  the  pugmills. 

Pugmills. 

The  pugmill  is  of  the  latest  cast  iron  body,  double 
shaft  type,  having  been  designed  in  all  details  by  the 
engineering  department  of  the  American  Ore  Reclama- 
tion Company.  It  is  practically  a  duplicate  of  those  in 
the  new  sintering  plant  of  the  Cambria  Steel  Company, 
as  well  as  in  other  new  plants.  It  was  built  by  the 
Duncan  Foundry  &  Machine  Company  of  Alton,  111. 
The  cast  iron  body,  connecting  the  two  heads  rigidly, 
prevents  the  vibration  which  was  found  objectionable  in 
the  older  steel  plate  types  of  pugmills. 

This  quiet  running  mixing  element  performs  its  func- 
tion of  continuous  mixing,  moistening,  and  conveying 
almost  ideally. 

Sintering  Machine. 

This  machine  is  of  the  standard  American  Ore 
Reclamation  Company  type  B  42  in.  by  57  ft.  4  in.  de- 
sign. Although  the  plant  is  laid  out  and  all  auxiliary 
equipment  constructed  for  two  machines,  only  one  was 
installed  for  the  present. 
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No  hearth  layer  is  provided,  as  the  material  treated, 
being  coarse  in  size  and  requiring  only  about  334  per 
cent  of  its  weight  of  sintering  fuel,  gives  no  hard  serv- 
ice to  the  grates. 

The  sintering  mixture,  after  being  properly  moist- 
ened and  uniformly  mixed  in  the  pugmill,  passes  directly 
therefrom  and  is  uniformly  distributed  across  the  sec- 
tion of  the  pallets,  by  means  of  a  swinging  spout.  This 
spout  is  operated  from  the  sintering  machine  drive  so 
that  its  stroke  synchronizes  with  the  speed  of  the 
machine. 

The  sintering  product  is  discharged  automatically 
from  the  pallets  onto  a  stationary  grizzly,  and  into  stan- 
dard gauge  railway  cars.  The  fines  or  "returns"  drop 
through  the  grizzly  spaces  into  a  standard  gauge  railway 
car,  which  return  it  to  the  storage  bins  for  retreatment. 


Fig.  2 — General  Plan  of  Sintering  Plant. 


January,  1922 


IlipDlasf  kimacGC^jreGi  Fl 


anr 


27 


Ignition  System. 

The   initial   ignition   is   performed    with   illuminating 
gas,  but  provision  is  made  for  the  use  of  blast  furnace 


gas  when  the  furnace  is  in  blast.  The  piping  is  so 
arranged  that  illuminating  gas  nVay  be  momentarily 
turned  on  during  short  periods  of  interruption  of  supply 
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of  blast  furnace  gas.  This  uiay  be  accomplished  by 
opening  and  closing  of  valves  with  no  interruption  of 
the  continuous  sintering  operations.  The  standard  A.  O. 
R.  Co.  t\-pe  of  ignition  furnace  is  used,  which  performs 
equally  well  on  any  gas  or  oil  ignition,  and  gives  a 
uniform  controllable  ignition  of  e.xactly  the  required  in- 
tensity. 

Suction  System. 

Each  of  the  nine  windbox  pipes  is  connected  into  a 
large  cast  iron  dust  collector,  which  is  located  below  the 
sintering  machine  floor  and  parallel  with  the  machine. 

This  dust  collector  is  of  a  larger  size  than  is  usually 
constructed,  and  provides  ample  volume  for  settling  out 
substantially  all  of  the  dust  which  drops  through  thi- 
grates  or  is  entrained  with  the  exhaust  gases. 

This  dust  collecting  chamber  is  provided  with  a  slop- 
ing side,  and  continuous  cleaning  doors,  so  as  to  empty 
the  dust  collected  therefrom  in  least  possible  time. 

The  gases  are  taken  from  this  chamber  at  the  dis- 
charge end  of  the  machine,  being  conducted  through  a 
5-ft.  diameter  main  directly  into  a  100  diameter  fan 
of  the  new  sintering  design.  The  fan  is  of  the  center 
plate  wheel,  double  inlet  type,  and  has  a  capacity  of 
60,000  c.f.m.  when  working  under  20-ft.  w.g.  suction. 
It  was  furnished  by  the  American  Blower  Company  of 
Detroit,  Mich.  The  bearings  are  of  double  sleeve,  water 
cooled,  spherical  self-aligning  type.  The  fan  is  directly 
connected  through  a  flexible  coupling  to  a  350-hp.  in- 
duction motor. 

The  gases  from  the  fan  pass  through  an  underground 
flue  and  out  through  a  brick  stack  7  ft.  6  in.  diameter 
by  160  ft.  high.  The  high  stack  is  necessary  to  pre- 
vent the  sulphur  bearing  gases  from  the  desulphurization 
of  the  ore  from  settling  in  objectionably  concentrated 
form  in  the  immediately  surrounding  vicinity. 

Synchronous  Drive  and  Control. 

The  automatic  control  of  synchronizing  the  volume 
of  material  fed  to  the  demands  of  the  sintering  machine 
and  simultaneously  and  independently  controlling  the 
proportions  of  the  various  materials  in  the  sintering 
mixture,  is  accomplished  positively  and  accurately.  .^ 
30-hp.  motor  drives  a  No.  6  Reeves  variable  speed  con- 
troller "A."  This  Reeves  "A"  drives  the  sintering  ma- 
chine through  its  variable  speed  shaft,  which  also  drives 
a  second  No.  6  Reeves  controller  "B,"  which  through  its 
variable  speed  shaft  drives  the  feeders  and  collecting 
belt.  In  this  way  any  change  in  the  speed  of  the  sinter- 
ing machine,  by  adjustment  on  controller  "A,"  produces 
a  corresponding  change  of  speed  of  the  feeders.  On 
the  other  hand,  if  it  is  desired  to  change  the  volume  of 
material  being  delivered  by  the  feeders  to  meet  differ- 
ences in  the  demands  of  the  sintering  machine,  this  is 
accomplished  independently  of  the  sintering  machine 
speed  by  adjustment  of  controller  "B."  After  such  ad- 
justment, the  synchronism  of  the  speed  of  the  feeders 
(and  resulting  volume  fed)  will  continue  to  be  auto- 
matically controlled  by  any  changes  in  the  sintering  ma- 
chine speed  by  adjustment  on  controller  "A."  The  pro- 
portion of  the  various  materials  fed  from  any  or  all  of 
the  eight  bins  is  regulated  by  means  of  independent  gates 
on  each  of  the  feeders. 

The  controls  governing  the  synchronizing  of  the 
above  factors,  as  well  as  that  of  the  moistening,  ignition, 
depth  of  charge,  etc.,  are  ver\-  handily  arranged  on  the 


operating  floor,  so  that  one  operator  has  quick  control 
of  all   factors,  and  observation   from  a  single  point. 

Special  Features. 

The  simplicity  and  accessibility  of  all  mechanical  ele- 
ments, including  drives,  gearing,  and  all  moving  parts,  is 
especially  notable  in  this  entire  plant. 

The  extremely  small  number  of  moving  parts  in  this 
plant,  with  the  achievement  of  every  degree  of  desired 
flexibility,  and  at  the  same  time  of  large  production  and 
smooth  operation,  with  its  comparative  absence  of  dust 
and  noise,  makes  it  a  pleasing  demonstration  of  the  de- 
velopment of  the  art. 

The  very  small  operating  force  required  is  a  pre- 
dominant feature.  The  illumination  of  the  plant  is  very 
uniquely  and  effectively  executed.  The  liberal  use  of 
frosted  wire  glass  sash  on  the  building  sides  gives  ample 
light  to  all  parts  in  daylight,  and  flood  lights  arranged 
at  the  end  of  the  building  illuminate  the  operating  floors 
completely  and  without  undue  glare  or  shadows. 

The  construction  is  of  structural  steel,  with  plate 
floors  throughout. 

The  fan  rooms  are  of  brick,  practically  dust  tight 
construction,  and  are  arranged  adjacent  to  the  sintering 
building,  thus  eliminating  unnecessary  length  of  blast 
piping. 

Performance. 

This  plant  has  for  its  primary  function  the  benefac- 
tion of  the  French  Creek  ore,  which  as  before  stated  is 
practically  valueless  in  its  raw  state  as  a  blast  furnace 
material.  At  the  present  time  high  carbon  flue  dust  is 
being  used  as  a  source  of  sintering  fuel,  thereby  reclaim- 
ing the  iron  values  of  the  flue  dust  simultaneously  with 
the  desulphurizing  and  beneficiating  the  ore.  This  flue 
dust  is  obtained  from  the  E.  &  G.  Brooke  Iron  Com- 
pany's own  furnace  as  well  as  that  from  neighboring  fur- 
nace plants.  A  typical  analysis  of  the  French  Creek  ore 
and  the  sintered  product  is  as  follows : 

Razv  Sintered 
French  Creek  Ore     French  Creek  Ore 

Fe   52.70  54.80 

SiO,   11.50  12.90 

AL63    2  10  2.50 

CaO    1.70  2..30 

Sul    2.60  .10 

P 040  .050 

Mn 15  .21 

The  capacity  of  this  plant  with  the  single  machine  is 
500  tons  per  day,  and  with  the  second  machine  1,000 
tons  per  day. 

Personnel. 

The  executive  credit  of  this  entire  development  is 
largely  due  to  Mr.  Robert  E.  Brooke,  under  whose 
business  direction  all  the  enterprises  involved,  from  the 
small  plant  in  1911  up  to  the  present  stage,  have  been 
conducted. 

The  construction  work  was  done  under  contract  of 
Hughes,  Foulkrod  &  Company,  Pittsburgh. 

The  engineering  and  design  was  performed  in  col- 
laboration and  consultation  with  the  American  Ore 
Reclamation  Company. 
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Hot  Blast  Stove  Rating 

Actual  Test  Data  Showing  the  Effectiveness  of  Hot  Blast  Stove 
Equipment  as  Applied  to  a  600-Ton  Blast  Furnace. 

By   F.  H.  WILLCOX* 


ANY  reasonable  expense  that  leads  to  measurable 
worth  while  economy  in  blast  furnace  plant  oper- 
ation is  justifiable  in  the  construction  or  rehabili- 
tation of  the  plant.  The  factors  that  make  for  economy 
are  large  tonnage  of  good  quality  iron,  low  fuel  con- 
sumption, low  cost  of  handling  materials  and  ability 
to  consummate  sales  and  purchases  to  advantage.  It 
is  not  infrequently  overlooked  that  a  blast  furnace 
plant  is  not  built  to  make  pig  iron  but  is,  or  should  be, 
built  to  make  money.  Therefore,  expense  in  equip- 
ment or  construction  which  looks  toward  a  betterment 
in  the  rating  of  any  of  the  above  four  factors  must, 
or  should  be,  undertaken  only  upon  the  basis  of  evi- 
dence which  will  support  the  contention  or  belief  that 
certain  improvements  will  sufficiently  reduce  certain 
items  of  pig  iron  cost  to  enable  a  plant  to  meet  the 
market  with  a  materially  better  margin  between  cost 
and  sales  price. 

A  policy  of  parsimony  in  the  fittings  of  a  furnace 
plant  is  rarely  conducive  to  the  satisfactory  realiza- 
tion of  any  of  the  first  three  of  the  factors  cited  above. 
On  the  other  hand,  prodigality  in  the  fittings  of  the 
plant  stands  an  even  greater  presumption  of  inability 
of  costs  meeting  the  market.  In  this  case,  unwarranted 
expenditures  have  been  committed  in  an  endeavor  to 
reduce  the  force  to  a  number  actually  below  the  num- 
ber of  men  reasonably  required,  not  for  operation  but 
for  the  not  infrequent  contingencies  and  emergencies 
that  arise.  Consequently  it  is  not  safe  to  avail  ones- 
self  of  the  possible  reduction  contemplated  in  the  plan- 
ning of  the  plant.  Or  similarly  ill  considered  expen- 
ditures are  made  to  secure  the  last  increment  in  in- 
crease of  efficiency  of  pumps,  hoists,  blowers,  boilers, 
generators  and  similar  items  of  equipment.  Conse- 
quently the  fixed  charges  against  a  kilowatt,  or  boiler 
horse  power,  or  1000  gallons  of  water,  cause  the  total 
cost  to  be  actually  in  excess  of  the  cost  of  equivalents 
from  considerably  less  efficient  equipment.  Quite  ob- 
viously, similar  contrasts  may  be  brought  out  in  the 
design  and  fittings  throughout  any  plant. 

Quantity  production  of  good  iron  with  low  fuel 
consumption  reverts  to  management — materials  and 
equipment  being  equal.  Given  good  coke,  good  fur- 
nace lines  and  good  management,  the  coke  consump- 
tion will  depend  upon  the  heating  capacity  of  the 
stoves.  It  is  quite  unnecessary  to  speculate  any  more 
about  how  much  heat  a  set  of  hot  blast  stoves  should 
be  able  to  impart  to  the  blast.  For  furnace  lines  as 
developed  today,  for  ore  allotment  received  from  the 
lake  region,  and  for  quality  of  coke  approximately  indi- 
cated for  the  vast  majority  of  operations,  a  set  of  hot 
blast  stoves  should  be  able  to  continuously  carry  1250 
deg.  F.  straight  line  heat,  with  a  margin  of  heat  re- 
serve. Of  course  the  heat  actually  to  be  carried  can- 
not be  predicted.     The  only  fact  actually  available  is 

*Mr.  Willcox  is  secretary  of  the  Freyn,  Brassert  &  Com- 
pany, Chicago,  111. 


that  good  stove  practice  is  to  carry  as  much  heat  as 
good  furnace  practice  will  allow,  or  if  the  furnace  takes 
the  heat  good,  to  burden  the  furnace  as  heavily  as  pos- 
sible on  as  high  a  blast  temperature  as  it  is  possible 
to  uniformly  hold,  with  maintenance  of  reserve  heat 
for  emergencies. 

Singularly  enough,  it  is  a  fact  that  those  plants 
doing  outstanding  work  are  not  at  all  necessarily  those 
carrying  the  highest  stove  heats,  and  this  leads  to  a 
continual  misapprehension  of  the  value  of  large  stove 
capacity.  However,  a  determination  of  the  facts  shows 
that  in  the  greater  number  of  cases  those  plants  having 
the  best  heat  equipment  have  the  best  coke  consump- 
tion. In  cases  where  this  is  not  true  there  is  trouble 
with  quality  of  coke  or  distribution.  Even  where 
plants  with  good  heat  equipment  show  good  coke  prac- 
tice, the  effectiveness  of  the  equipment  is  not  at  all 
necessarily  disclosed  by  the  average  heat  carried. 
Quite  frequently  they  run  on  moderate  or  moderately 
high  heats  only,  high  heats  being  used  but  a  small 
fraction  of  the  time.  The  writer  has  experienced  more 
than  one  instance  where  after  expenditures  have  been 
made  for  gas  cleaning  and  increased  heat  equipment, 
and  where  the  coke  consumption  had  been  reduced 
even  radically,  it  was  difficult  to  attribute  the  gains  to 
the  expenditures  simply  because  the  very  moderate  in- 
crease in  average  blast  temperature  was  entirely  out 
of  line  with  the  saving  in  coke  effected.  Rather  natur- 
ally the  impression  is  gained  that  considerable  ex- 
penditures have  been  made  and  little  advantage  gained 
in  heat.  Of  course,  as  a  matter  of  fact,  the  increased 
heat  reserve,  some  days  not  employed  at  all — other 
days  desperately  required  and  available,  has  actually 
effected  the  betterment.  For  perhaps  the  majority  of 
operations  the  above  practice  is  the  most  practical 
method  of  utilization  of  good  heat  equipment.  Plants 
long  equipped  with  good  heat  equipment  are  as  a  rule 
those  working  along  the  line  of  a  gradual  increase  in 
average  temperature  of  blast.  Other  factors,  however, 
have  to  be  brought  into  line  with  this  tendency. 

One  may  say,  therefore,  that  expenditures  put  into 
good  heat  equipment  are  paying.  Considering  that  en- 
tirely adequate  and  good  hot  blast  stoves  for  a  new 
plant  cost  less  than  ten  per  cent  of  the  cost  of  the 
plant,  it  is  clear  that  provision  of  absolutely  full  meas- 
ure of  heat  equipment  is  a  phase  of  planning  and  con- 
struction where  tonnage  and  quality  of  iron  as  well 
as  low  coke  consumption  are  quite  largely  determined. 
Liberality  in  stove  equipment  is  an  insurance  at  no 
considerable  increase  in  plant  cost.  The  day  of  ex- 
travagance in  construction  is  certainly  gone  for  some 
titne  to  come.  Therefore,  the  equipment  must  be  put 
in  with  some  degree  of  precision. 

This  tabulation  is  an  analysis  of  the  effectiveness 
of  hot  blast  stove  equipment  commonly  put  in  for  fur- 
naces designed  for  500-600  tons  of  pig  iron  per  day. 
For  maximum  load  conditions,  the  higher  tonnage  is 
taken  as  a  base. 
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EFFECTIVENESS  OF  HOT  BLAST  STOVE  EQUIPMENT. 
600-Ton  Furnace   Basis — 44,000  'cu.  ft.  wind  per  min. 
Stoves  22  ft.  diameter  by  100  ft.  high.     Two-pass,  side  combustion. 

1.  Size    Checkers    3-i  x3//'  4x4*  4/,  x  4/."  5/4x^5/4"  '  6x6" 

2.  Thickness  of  Brick  2"  2/a'  IVi"  3"  3 

3.  Checker  Openings  1000  715  616  44d  373 

4  Area  Checker  Openings 85  sq.  f t.  79  sq.  ft.  87  sq.  ft.  8d  sq.  ft.  94  sq.  ft. 

S'  Healing  Surface   in  Checkers 93,400  sq.  ft.  76.200  sq.  ft.  73,900  sq.  ft.  62,200  sq.  ft.  59,800  sq.  ft. 

6  Cu   ft    Brickwork  in  Checkers 10,000  cu.  ft.  10,400  cu.  ft.  9,850  cu.ft.  10,000  cu.  ft.  9,300  cu.  ft. 

7'  Weight  Brickwork  in  Checkers 1,280,0001b.  1,335,0001b.  1,265,0001b.  1,280,000  lb.  1.195,0001b. 

'■     ^'^Cont^nTs '".':.'"''". .'°.. ":"'•••■.  9.34  7.34  7.50  6.22  6.40 

Operation   on  three    stove   basis. 
Stove  on  gas  240  minutes. 
Stove  on  blast  120  minutes. 
Blast  temperature — 1250  deg.  F. 

9.     Cu.  ft.  Wind  per  Ton  Iron 105,000  105,000  105,000  105,000  105.000 

10.     Heat  in  44,000  cu.  ft.  Blast  for  120  ,.i.ac^i.fst^^  u. 

min.  at  1250  deg.  Blast  Temp....  110,000,000  Btu. 

11      Cu    ft    Gas  Required  Per  Min 6,900  cu.  ft.  per  stove 

12"    Total  Heat  in  Gas 158.000,000  Btu. 

''■  ^^^°at^rsSe"!'.^."':"."..              1190  1440 

''■  ^t°eig^^r^f^S.^"'.°."'^."."  86 

''■  ^^LSS.':"..'"°"'.°'..           7.50  ft.  8.10  ft.  7.35  ft.                     7.50  ft.                     6.85  ft. 

''■  "Tnl'Scrplr^min^: .'.'..":.":..  4.92  Btu.  6.03  Btu.                  6.20  Btu.                  7.37  Btu.                  7.65  Btu. 

''■     ''^^Tthln  l"':rHe"tmg  Su^fa^:?'. .  330  deg.  410  deg.  435  deg.  640  deg.  675  deg. 

18.  Ratio  Total  Heating  Surface  to  cu. 

ft    Wind  per  min 6.40  5.20  5.05  4.2o  4.10 

19.  Ratio  Total  Cubic  Contents  Check- 

ers  to  cu.  ft.  Wind  per  Ton  Iron..  0.283  0.292  0.282  0.285  0.266 

20.  Ratio  Total  Cubic  Contents  Check- 

^"flwmd'p^^^&^a^"!.".  0.285  0.238  0.215  0.147  0.138 

Operation  on  Four  Stove  Basis. 

21.  Heat  in  44,000  cu.  ft.  Blast  for  60  rrnnnnnnp. 

min.  at  1250  deg.  F.  Blast  Temp..  55,000,000  Btu. 

22      Cu    ft    Gas  Required  per  minute 4600  cu.  ft.  4600  cu.ft.  4600  cu.  ft.  4600  cu.  ft.  4600  cu.  ft. 

23'.     Total '  Heat  in   Gas 79,000,000  Btu. 

24.  Ratio   Heat   Input  and   Output  to 

Heating  Surface 593  720  74a  880  920 

25.  Ratio   Heat   Input  and   Output   to 

Weight  of  Brickwork....  ..._ 42  41  83.5  43  46 

26.  Drop  in  Temperature  within  1"  of  .,,„  ,  ,,„  ,  ,  ,„  , 

Heating  Surface   165  deg.  205  deg.  218  deg.  320  deg.  338  deg. 

27.  Velocity  .per  sec.  of  Gas  in  Checkers  5.8  ft.  6.2  ft.  5.65  ft.  5.8  ft.  5.25  ft. 

28      Heat  Inout  Rate  per  sq.  ft.  Heat- 

ing  Surface  per  minute 3.28  Btu.  4.02  Btu.  4.14  Btu.  4.92  Btu.  5.10  Btu. 

29.  Ratio    Total    Heating    Surface    to 

cu.  ft.  Wind  per  min 8.50  6.92  6.70  5.68  5.42 

30.  Ratio  Total  Cub.  Contents  Check- 

ers  to  cu.  ft.  W^ind  per  Ton  Iron..  0.381  "         0.396  0.375  0.381    .  0.353 

31.  Ratio  Total  Cub.  Contents  Check- 

ers   within    1"    Heating   Surface 

to  cu.  ft.  Wind  per  Ton  Iron 0.381  0.315  0.287  0.196  O.I83 

The  compilation  involves  an  assumption  of  iden-  heat,  although  with  a  decreasing  heat  efficiency  and 
tical  efficiency  for  all  stoves.  This  cannot  be  a  fact  increasing  use  of  gas,  approximately  correspondingly 
but  it  involves  only  the  factors  under  Items  Nos.  15  directly  and  inversely  proportional  to  the  ratio  of  heat- 
J^JJd  27  ing  surface  to  cubic  contents.  This  indication  is  con- 
Some  significant  factors  are  immediately  apparent.  firmed  in  Item  No.  13,  Ratio  Heat  Input  and  Output 
The  cubical  contents  of  the  checker  brickwork  in  the  to  Heatmg  Surface,  and  in  Item  No.  16  Heat  Input 
second  pass  is  substantially  equivalent  from  a  3//'-  R^^e  per  sq.  ft  Heating  Surface  per  Minute.  Here 
square  2"-wall  checker  to  a'6"-square  3"-wall  checker.  't  will  be  noted  that  with  increasing  size  of  checker 
On  the  other  hand,  the  heating  surface  suffers  a  radi-  opennig  and  increasing  size  ot  brick,  an  increasingly 
cal  and  progressive  decrease.  This  results  in  a  lower  heavier  rate  of  storing  and  releasing  ot  heat  is  im- 
and  lower  ratio  of  heating  surface  to  cubical  contents.  POsed  upon  the  heating  surface  W  ere  the  heat  trans- 
Were  all  the  cubic  contents  of  brickwork  in  the  stoves  fer  from  the  incandescent  brickwork  to  the  relatively 
of  equal  utilitv  or  efficacv,  this  would  mean  that  all  of  cool  blast  concerned  only,  the  surface  will  be  found 
the  designs  vvould  possibly  give  the  same  amount  of  quite  adequate.     But,  in  the  heat  transfer  from  incan- 
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descent  gases  of  combustion  to  brick  surfaces  con- 
tinually more  nearly  approximating-  the  temperature 
of  the  gas.  experience  shows  that  a  heat  in  put  rate 
of  5.0  Btu  per  minute  per  square  foot  is  as  high  as  the 
rate  may  be  pushed,  unless  reasonable  efficiency  is  to 
be  adversely  affected. 

The  efficiency  of  the  stoves  is  also  somewhat  in- 
fluenced by  the  average  velocity  of  gases  of  combus- 
tion in  the  checkers.  Item  No.  15.  There  being  in  all 
designs  a  large  number  of  checkers,  one  segment  of 
which  is  near  the  draft  door,  then  if  quite  slow  veloci- 
ties are  employed  there  is  a  distinct  tendency  of  the 
gases  to  wander,  to  much  passing  down  the  checkers 
nearest  the  draft  openings.  This  tendency  is  counter- 
balanced by  these  same  checkers  becoming  relatively 
hotter  due  to  the  excess  incandescent  gas  passing 
through,  when  the  cooler  checkers  will  have  more 
nearly  taken  their  proportion.  Therefore,  within  rea- 
son, the  higher  the  velocity  the  more  utility  will  be 
experienced  of  all  the  checker  openings  and  the  corre- 
sponding brick  surface  and  volume.  Also,  when  there 
are  large  checker  openings  the  velocity  should  not  be 
slow  because  there  does  not  seem  to  be  enough  tumbl- 
ing of  the  gases  induced  to  get  all  molecules  of  the 
descending  gas  stream  fully  and  repeatedly  in  contact 
with  the  brick  surface. 

Fixing  attention  on  the  brickwork  weight  or  volume 
in  the  stove,  Item  No.  14,  Ratio  Heat  Input  and  Output 
to  Weight  of  Brick,  and  Item  No.  19,  Ratio  Total 
Cubic  Content  Checkers  to  Wind  per  Ton  of  Iron, 
signify  an  equivalent  and  adequate  amount  of  brick- 
work to  store  up  the  necessary  heat  to  be  imparted  to 
the  blast.  In  this  connection,  however,  it  is  well  to 
bring  in  the  fact  that  not  all  of  the  volume  of  the  brick 
is  equally  effective.  The  following  table  shows  the 
rate  of  heat  input  and  output  in  machine  made  steam 
pressed  brick: 

Brick  Exposed  to  Gas  Flame. 

-Temperature- 


Face.       1"  From  Face.     2"  From  Face. 

One  hour              1850                1250  770 

Two  hours           2000                1450  1075 

Three  hours         2000                1600  1250 

Four  hours           2000                1640  1325 

Brick  Exposed  to  Cold  Blast. 
-Temperature- 


Face. 

Start 

2000 

One  hour 

800 

Two  hours 

400 

1"  From  Face.  2"  From  Face. 

1640  1325 

1250  1280 

800  900 


Several  tests  along  these  lines  have  brought  about 
a  tacit  basing  rate  that  the  effective  brickwork  in  stove 
checkers  is  that  amount  within  one  inch  of  the  heating 
surface. 

With  this  base,  Item  19 — Ratio  Total  Cubic  Con- 
tents Checkers  to  cu.  ft.  Wind  per  Ton  Iron,  shows 
the  rapidly  decreasing  amount  of  actually  effective 
brickwork  in  the  checkers  with  increasing  size  of 
checker  and  increasing  thickness  of  brickwork.  Item 
No.  17  shows  the  unfortunate  result  of  this  fact.  400 
deg.  is,  in  an  entirely  practical  way,  the  limit  in  drop 
of  temperature  of  stove  brickwork.  Any  particular 
margin  over  this  results  in  inability  to  carry  a  straight 
line  heat  and  entire  absence  of  a  heat  reserve. 


Putting  aside  further  analysis,  it  is  apparent  and 
may  be  stated  that  in  a  hot  blast  stove,  a  study  of  eco- 
nomical use  of  brick  and  space  inside  the  shell  em- 
phasizes that  only  the  heating  surface  of  the  brick  and 
the  brick  within  one  inch  of  heating  surface  are  of  any 
value.  This  would  be  reached  to  the  greatest  degree 
by  2"  checkers  and  2"  openings.  As  this  is  not  prac- 
tical, one  can  only  make  the  checker  walls  as  thin  as 
is  consistent  with  strength,  and  the  checker  opening 
as  small  as  is  consistent  with  cleanliness  of  the  gases, 
and  accuracy  of  dimensions  obtained  in  brick  manu- 
facture. Apparently,  the  design  shown  under  3]/^"  x 
3yi"  checkers  embodies  to  the  greatest  degree  all  the 
important  advantages  and  high  ratings  in  heating  sur- 
face, effective  cubic  contents  of  brickwork,  low  heat 
transfer  rate,  and  low  temperature  drop.  It  has  a  con- 
siderable heat  reserve.  All  requirements  for  good  heat 
equipment  are  found  in  a  battery  of  three  stoves. 
There  are  no  other  types  of  lining  adequate  in  a  three 
stove  equipment  unless  the  area  of  the  stove  checkers, 
or  its  height,  be  increased  by  approximately  twenty- 
five  per  cent. 

There  are  certain  serious  objections  to  a  battery  of 
but  three  stoves.  Since  the  checkers  must  have  small 
openings  the  gas  must  be  very  clean,  not  to  exceed 
0.25  grains  dust,  or  the  checkers  will  plug  up,  the 
stoves  will  have  to  be  taken  off  for  cleaning,  and 
there  will  be  recourse  to  but  two  stoves,  one  on  blast 
and  one  on  gas.  Unless  a  forced  gas  burner  is  used, 
insufficient  gas  can  be  forced  into  the  stove  in  the  two 
hour  period  to  carry  an  adequate  blast  temperature 
for  the  following  two-hour  period.  Unless  the  brick 
dimensions  are  very  nearly  correct,  less  than  2  per  cent 
deviation,  the  checkers  may  shift  and  partially  close 
up  the  checker  opening.  Repairs  that  take  a  stove  off 
blast  seriously  impair  good  furnace  practice.  A  2" 
checker  brick  is  more  apt  to  fail,  both  structurally  and 
from  the  effect  of  heat,  alkaline  salts  and  dust,  than 
a  Zyi"  or  3"  brick. 

If  past  experience,  which  has  very  satisfactorily 
proven  the  practicability  of  the  small  checker  stove, 
does  not  suffice  to  establish  certainty  as  to  soundness 
of  investment  in  and  construction  of  this  type,  then 
the  only  recourse  is  to  four  stoves.  An  increase  in 
size  of  checker,  thickness  of  checker  brick  and  conse- 
quent increase  in  diameter  and  height  of  stove  does 
not,  in  any  sense,  get  away  from  the  occasional  use  of 
two  stoves. 

An  increase  to  four  stoves  is  an  increase  of  thirty- 
three  per  cent  in  heat  equipment  cost,  or  about  three 
and  one-half  per  cent  increase  in  cost  of  plant.  If  this 
investment  is  to  be  made,  it  should  at  least  be  made 
wisely.  A  study  of  the  tabulation  under  four  stove 
equipment  heading  indicates  that  any  of  the  designs 
are  quite  adequate,  all  four  stoves  being  in  service. 
However,  in  view  of  the  apprehension  of  a  stove  going 
out  of  service  if  only  three  were  installed,  it  would  be 
a  bit  short-sighted  to  ignore  the  possibility  of  having 
to  operate  on  three  stoves.  Therefore,  one  ought  to 
so  provide  that  if  operations  are  reduced  to  three  stoves, 
then  they  will  suffice  to  at  least  carry  the  usual  heat, 
but  now  with  no  reserve  capacity  to  speak  of.  Re- 
ferring to  the  three  stove  tabulation,  it  will  be  seen 
that  either  a  4"  or  4^4"  checker  with  a  2j4"  brick  will 
accomplish   the  desired  results. 

On  a  single  furnace  plant,  there  is  no  doubt  but 
that  the  four  stove  equipment  is  a  better  insurance. 
It  is  perhaps  the  last  word  in  insurance  but  if  there 
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does  not  have  to  be  rigid  economy,  it  is  as  good  a  place 
to  carry  an  excess  cost  as  anywhere  in  the  plant.  If 
there  does  have  to  be  economy,  the  3^"  checker  three 
stove  is  clearly  indicated.  It  has  worked  out  satis- 
factorily. Of  course  there  also  has  to  be  a  really  ef- 
fective gas  cleaning  installation.  However,  this  is 
true  of  any  size  checker  up  to  6"  opening.  In  con- 
junction with  the  choice  of  three  stoves,  on  the  basis 
of  a  3]^"  checker  opening,  it  is  to  be  kept  in  mind  that 
such  equipment  is  an  excellent  base  on  which  to  start 
with  the  expectation  of  a  two  furnace  plant.  This 
would  have  a  complement  of  seven  stoves  of  this  type 
for  two  furnaces,  thereby  assuring  three  stoves  per 
furnace. 

The  cost  of  any  one  of  the  above  types  is  substan- 
tially equal.  The  shell  and  stove  trimmings  are  the 
same,  and  the  number  of  l)rick  in  ring  walls,  piers, 
arches  and  combustion  chamber  lining  are  identical. 
The  number  of  9"  equivalents  in  the  checkers  is  sub- 
stantially equivalent,  though  of  course  there  is 
more  labor  in  setting  9"x6"x2"  checker  tile  than 
13j/2"x6"x3"  checker  tile,  there  being  so  many  more 
of  the  former. 

Not  less  important  than  utilizing  the  volumetric 
capacity  of  a  given  stove  shell  to  the  utmost  practical 
advantage  is  the  necessity  of  correct  hot  blast  stove 
design  and  construction.  Designs  should  be  chosen 
which  embody  every  precaution  and  advantage  de- 
veloped as  the  result  of  practical  experience  in  con- 
struction, service,  operation  and  repair.  The  loads  and 
stresses  in  the  brickwork  of  hot  blast  stoves  are  not 
static  loads  but  by  reason  of  the  alternate  heating  and 


cooling  of  a  large  mass  of  brickwork,  may  be  termed 
"live."  It  is  disregard  of  this  fact  that  has  led  to  not 
infrequent  most  expensive  failures.  The  most  usual 
points  of  failure,  refractory  quality  aside,  are  spring- 
ing and  collapse  of  combustion  chamber  walls,  break- 
down of  tile,  secondary  and  primary  arches,  and  piers 
in  the  bottom  of  the  checkers,  shifting  of  checkers,  un- 
compensated expansion  of  ring  walls  and  checkers,  and 
failure  of  dome  and  dome  base. 

In  an  operating  way,  the  usual  handicaps  in  effec- 
tive use  of  large  quantities  of  gas  arc  fluttering  and 
surging  of  the  gas  flame  at  the  burner  and  in  the  com- 
bustion chamber,  ineffective  use  of  full  checker  area, 
limited  capacity  to  take  gas  when  the  occasion  arises, 
and  insufficient  draft  due  to  restricted  and  small 
chimney  valves,  draft  chambers  and  stacks. 

The  quality  of  refractories  used  in  hot  blast  stoves 
is  very  important,  and  here  too  experience  is  the  best 
guide.  Probably  the  best  practice  and  construction 
today  involves  the  use  of  four  qualities  of  firebrick. 
Experiments  are  being  carried  out  with  new  materials, 
for  this  particular  use.  which  may  mark  a  distinct  ad- 
vance. 

The  writer  hopes  to  have  pointed  out  the  advis- 
ability of  adequate  investment  in  good  heat  equipment, 
to  have  analyzed  possible  types,  to  have  indicated  a 
logical  choice  of  stove  equipment,  and  especially  the 
importance  of  choosing  designs  which  from  the  con- 
struction standpoint  embody  features  grounded  in 
practical  operation,  construction  and  repair  develop- 
ments for  the  fixing  of  some  of  the  somewhat  intang- 
ible requisites  for  durable  and  serviceable  equipment. 


New   Blast  Furnace   at  McKeesport 

The  National  Tube  Company  Rebuild  Blast  Furnace  No.  3  at 
Their  McKeesport  Plant  from  the  Ground  Up — All  the  Improve- 
ments Have  Not  as  Yet  Been  Completed. 

By  DONALD  N.  WATKINS 


ONE  of  the  most  important  of  the  recent  improve- 
ments comj)leted  by  the  National  Tube  Company 
at  their  McKeesport,  Pa.,  plant  was  the  building 
of  a  new  blast  furnace  on  the  site  formerly  occupied  by 
the  old  No.  3  furnace.  The  old  furnace  was  blown  out 
July  1,  1920,  and  construction  work  was  immediately 
started  on  the  building  of  the  new  furnace.  This  was 
completed  and  put  in  blast  November  15,  1920. 

The  rebuilding  of  this  furnace  was  in  keeping  with 
the  general  policy  of  the  Steel  Corporation,  which  is  to 
improve  all  blast  furnaces  as  the  opportunity  presents 
itself. 

The  history  of  the  original  No.  3  blast  furnace  is  very 
interesting  and  dates  back  to   the  year    1889,   when  its 
construction   was   first   started.      As   will   be   seen    from 
the  following  record,  it  has  had  a  remarkable  run: 
RECORD 

Blown  in Dec.    4,    1890 

Blown  out  for  rclining April  26,  1894 


Blown  in Sept.  7,  1894 

Blown  out  for  reconstruction.  .  ..Sept.   19,  1900 

Ten  feet  added    to    its    height,    relined  and 
changed   from  a  vertical  to  a  skip  hoist. 

Blown  in Jan.  26,  1901 

Blown  out  for  relining June  21,  1904 

Blown  in July  28,  1904 

Blown  out   for  reconstruction.  ..  Nov.   16,  1907 

New  shell  constructed  and  relined. 

Blown  in June    14,  1909 

Blown  out July  1,  1920 

As  will  be  seen  from  the  above  record,  the  furnace 
had  been  in  the  same  jacket  for  the  past  13  years  and  it 
was  deemed  necessary  to  rebuild  the  entire  furnace  and 
its  auxiliary  e(|uipnient  at  this  time  only  because  it  was 
impossible  to  secured  increased  hearth  area  by  relining. 

The  program  of  improvements  originally  included  the 
building  of  a  new  stack,  down-comers,  dust-catcher,  and 
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gas-cleaning  equipment,  along  with 
the  reconstruction  of  the  four 
stoves.  Up  to  the  present  time  the 
new  stack,  the  down-comers,  and 
the  dust-catchers  only  have  been 
completed. 

The  old  stack  was  completely 
demolished  and  a  new  one  erected 
from  the  foundation  up.  The  new 
furnace  has  a  height  of  90  feet, 
hearth  and  bosh  diameters  of  18 
feet  and  22  feet  respectively,  and 
has  an  80-degree,  32-minute  bosh 
angle.  The  shell  is  of  unusually 
heavy  construction,  being  made  up 
entirely  of  1-inch  plates  except  the 
bottom  ring,  which  is  1^4  inches 
thick. 

The  hearth  jacket  is  of  water 
cooled  cast  iron  construction,  6 
inches  thick  with  I'^-inch  tuyere 
pipe  cast  in.  The  new  lining  in- 
volves a  total  of  484,000  bricks, 
and  gives  a  furnace  capacity  of 
24,000  cubic  feet.  The  stock  lined 
protection  consists  of  7  courses  of 
steel  cast  wearing  plates  3  inches 
thick,  33  to  the  course  imbedded 
in  the  brick.  The  large  bell  is  13 
feet  in  diameter.  The  McKee  re- 
volving stock  distributor  is  elec- 
trically driven  and  controlled. 

riarbison-\\'alker  bottom  blocks, 
18x12x8  inches  are  used.  All  re- 
fractories used  in  the  lining  of  the 
furnace  were  furnished  by  the 
Harbison-Walker  Company. 

Several  interesting  features 
stand  out  most  prominently  in  the 
construction  of  this  stack.  To 
begin  with,  it  is  a  hand  filled  fur- 
nace, that  is  it  is  hand  filled  in  the 
stock  house ;  has  a  McKee  dis- 
tributor which  helps  to  preserve 
the  furnace  lining  and  increases 
the  production :  and  the  stack  is 
built,  as  stated  above,  along  un- 
usually heavy  lines. 

There  are  four  explosion  stacks 
ecjuipped  with  safety  explosion 
valves.  The  four  down-comer 
branches  leave  the  explosion  stacks 
at  about  31  feet  above  the  top  of 
the  furnace  and  connect  in  pairs  to 
form  two  down-comers.  All  pipes 
are  lined  with  4i/2-inch  fire  brick. 

The  dust  catcher  is  built  of  ^- 
inch  steel  plate  and  lined  with  4^- 
inch  fire  brick.  It  is  also  equipped 
with  an  explosion  valve  at  the  top. 
The  dust  catcher  is  22  feet  out- 
side diameter  and  25  feet  high. 
The  two  down-comers  enter  at  the 
side  and  the  gas  leaves  the  dust-catcher  at  the  top. 

There  are  four  stoves  used  in  connection  with  the 
furnace.  Three  of  these,  which  are  of  the  side  com- 
bustion, two-pass  Cowper  type,  and  were  originally  con- 
structed   in    1889,    are    to    be    rebuilt    in    the    immediate 


Fig.   1 — Section  thirough  the  new   stack. 

future.  Tlie  fourth  stove,  which  is  of  M.  and  C.  three- 
pass  design,  was  built  at  a  later  date.  The  real  capacity 
of  the  new  stack  has  not  as  yet  been  tested  due  to  the 
fact  that  the  old  stoves  have  not  sufficient  heating  sur- 
face to  test  the  new   furnace. 
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The  building  of  the  furnace  was  directly  under  the 
supervision  of  the  Engineering  Department  located  at 
the  National  Works.  Mr.  A.  L.  Hoerr  is  the  chief 
engineer  of  this  plant.     In  the  designing  of  the  new  stack 


the  Engineering  Department  was  ably  assisted  by  ideas 
and  suggestions  advanced  by  the  operating  officials  of 
the  blast  furnace  department,  of  which  department  Mr. 
M.  R.  Stevenson  is  the  superintendent. 


Hammer-Welded  Steel  Pipe 

Hammer-Forging  Can  Be  Adapted  to  the  Manufacture  of  Pipe 
from  24  to  96  Inches  in  Diameter — The  Process,  the  Materials 
Used,  Characteristics  of  the  Pipe  and  Its  Testing  Briefly  Described. 


THE  Process  of  making  lap-weld  pipe  by  hammer- 
welding  is  relatively  new  as  compared  with  the 
butt-weld  and  lap-weld  processes  and  the  sizes 
made  by  hammer-welding  are,  relatively,  much  larger 
in  diameter. 

The  pipe  is  made  by  bending  a  steel  plate  into 
tubular  form  with  edges  overlapping  and  then  welding 
the  overlapped  edges  after  they  have  been  heated,  by 
hammer-forging  them  on  an  anvil  block  supported  on 
a  horn  inside  the  pipe. 

The  process  of  hammer-welding  is  particularly  well 
adapted  to  the  manufacture 
of  pipe  in  sizes  from  about 
24  to  96  inches.  Due  to  the 
^implicit}-  of  manufacture — ■ 
in  that  rivets,  projecting  ribs, 
and  other  objectionable  feat- 
ures are  eliminated  —  ham- 
mer-w^eld  pipe  has  a  rela- 
tively high  efficiency. 

The  strength  and  ductility 
of  the  material,  the  sound 
and  smooth-welded  seam, 
the  simple  and  efficient  types 
of  joints  that  can  be  used, 
and  other  advantages  make 
hammer-weld  pipe  desirable 
for  almost  any  purpose  re- 
quiring large  diameter  pipe. 


Manufacture  and  Materials. 

The  plates  used  in  the 
manufacture  of  this  pipe  by 
the  National  Tube  Company 
are  made  in  accordance  with 
A.  S.  T.  M.  Specification 
A-78-21T  and  are  of  open 
hearth  steel  of  a  grade  to 
give  the  best  results  in  weld- 
ing and  other  manipulations  in  manufacture.  The 
plates  may  either  be  bent  cold,  or  heated  and  bent, 
depending  upon  their  thickness. 

The  tubular,  or  cylindrical  form  is  obtained  by 
bending  the  plate  on  long  horizontal  rolls,  in  much  the 
same  manner  as  plates  are  bent  for  boiler  shells  and 
tank  construction.  However,  they  are  bent  completely 
around  until  the  edges  overlap  to  the  required  extent 
and  the  proper  diameter  of  the  pipe  is  obtained.     In 


Diagram  illustrating  principle  of  hammer-welding.  The 
left-hand  drawing  shows  water  gas  burners  heating 
the  overlapped  edges  of  the  tube,  inside  and  outside. 
Note  the  flame  is  directed  on  all  surfaces  of  the  por- 
tion to  be  welded,  thus  insuring  uniform  tempera- 
ture. After  heating,  the  hammer,  shown  in  the  draw- 
ing at  the  right,  forges  the  overlapped  edges  into  a 
strong  weld  on  the  anvil  block  which  is  supported  by 
a  long  beam  or  horn. 


certain  sizes,  two  or  more  plates  may  be  used  with 
similar  overlapped  edges.  Sufficient  lap  is  allowed  to 
make  sure  that  the  force  of  the  welding  hammer  will 
be  most  effective  in  wedging  the  edges  together. 

The  rough  tube  thus  obtained  is  taken  to  the  weld- 
ing machine  where  a  short  section  of  the  overlapped 
edges  is  heated  to  a  welding  temperature  by  water 
gas  burners,  placed  opposite — inside  and  outside  the 
pipe.  After  reaching  the  proper  temperature,  the 
heated  portion  of  the  seam  is  hammer-forged  on  an 
anvil  supported  by  a  long  counterbalanced  beam,  after 

which  the  contiguous  por- 
tion is  heated  and  welded. 
The  welding  machinery  is 
developed  to  a  point  which 
allows  the  operator  to  direct 
every  blow  with  the  accur- 
acy of  the  skilled  smith  with 
his  sledge.  The  power  ham- 
mer can  be  operated  at  a 
high  rate  of  speed  and  can 
be  regulated  to  hit  with  the 
varying  degrees  of  force 
necessary  to  make  a  strong 
weld. 

After  being  welded,  the 
pipe  is  placed  in  an  anneal- 
ing furnace  and  heated  to  a 
temperature  to  remove 
strains  and  refine  the  grain. 
It  is  then  subjected  to  an- 
other operation  on  horizon- 
tal rolls  to  round  up  the  pipe, 
straighten  it,  and  remove 
such  scale  as  may  have 
formed  during  manufacture. 
When  the  pipe  has  been 
welded,  annealed  and 
straightened,  it  is  given  a 
The  ends  are  then  trimmed 


Abstract  of  Bulletin  No.  13,  entitled,  "Hammer-Welded 
Steel  Pipe,"  published  and  copyrighted,  1921,  by  the  Na- 
tional Tube  Company,  Pittsburgh. 


premilinary  inspection 

to  any  desired  angle  or  length. 

Each  length  of  pipe  is  subjected  to  an  internal 
hydrostatic  pressure  test.  The  pressure  varies  from 
150  to  2,000  pounds  per  square  inch,  according  to  the 
size  and  wall-thickness  of  the  pipe  and  the  service  for 
which  it  is  intended. 

After  the  hydrostatic  pressure  test,  the  pipe  is  given 
a  thorough  inspection  as  to  surface,  finish  and  dimen- 
sions and  a  protective  coating  is  applied  if  required 
by  the  customer.  The  pipe  is  then  stenciled  with  the 
name  of  the  manufacturer  and  the  pressure  applied  in 
testing,  after  which  it  is  ready  for  stock  or  shipment. 
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Recent  Developments  in   Open  Hearth 

Furnaces 

Open  Hearths  Were  Standardized  Along  Modern  Lines  During 
the  Past  Year — Open  Hearth  Hourly  Tonnage  Increased  115  Per 
Cent  During  Year. 

By   HENRY  WILLIAM   SELDON,  B.S.,  Met.  Eng.* 


FOR  many  years  open  hearth  furnace  construction 
followed  the  same  general  plans  and  each  furnace 
performance  was  judged  by  the  records  of  the  past. 

Starting  with  the  war  time  conditions  there  arose  a 
demand  for  increased  tonnages  per  unit.  The  scarcity 
and  high  price  of  coal,  oil,  gas,  etc.,  caused  a  demand  for 
better  fuel  economy. 

Fathered  by  these  conditions  it  is  not  surprising  that 
we  have  had  new  as  well  as  old  ideas  tried  out.  Under 
the  conditions  existing  in  many  plants  heretofore  the 
suggestion  or  development  of  new  or  so-called  radical 
ideas  was  not  encouraged,  with  the  result  that  we  made 
but  little  advancement  in  open  hearth  practice. 

In  order  to  convert  an  inefficient  open  hearth  into  a 
thoroughly  modern  one  the  following  items  should  be 
carefully  considered; 


1. 

Hourly   tonnage 

8. 

Burners 

2. 

Fuel  economy 

9. 

Uptakes 

3. 

Valves 

10. 

Slag  pockets 

4. 

Sewers 

11. 

Charging  machines 

5. 

Checkers 

12. 

Doors,  frames,  etc. 

6. 

Ports 

13. 

Gas  producers 

7. 

Roof 

14. 

Bottom  making 

1.  Hourly  Tonnage. 

The  hourly  tonnage  or  tons/hour  output  of  an  open 
hearth  furnace  has  been  increased  as  much  as  115  per 
cent. 

2.  Fuel  Economy. 

The  fuel  economy  has  been  surprising  and  as  an  ex- 
ample we  give  the  following  from  producer  gas  results. 
For  a  long  time  550  pounds  of  coal  per  ton  of  steel  was 
considered  good  practice.  With  the  latest  practice  this 
figure  has  been  reduced  to  350  pounds/ton. 

3.  Valves. 

Valve  builders  and  designers  have  been  striving  to 
attain  a  product  which  would  be  simple  to  operate,  thor- 
oughly reliable  and  could  be  easily  and  quickly  repaired. 

The  designs  most  favored  at  present  are  water 
sealed,  instantaneous  mechanical  reversing,  fuel  saving, 
having  ample  port  areas,  oflfering  minimum  resistance  to 
flow  of  gases  and  occupying  minimum  floor  space. 

4.  Sewers. 

The  trend  in  sewer  design  has  been  toward  increased 
size  and  straight  lines  with  the  elimination  of  sharp 
angles  and  obstructions.  Considerable  change  has  taken 
place  in  producer  gas  main  design.  The  value  of  over- 
size mains,  easy  curves,  ample  soot  catchers  and  suitable 
burning  out   facilities    is    being    recognized.      Overhead 


■    *Mr.   Seldon   is   a   member  of  the   firm   of  See-.Seldon   and 
Associates,  Engineers,  Oliver  Building,  Pittsburgh,  Pa. 


mains  and  interchangeable  producers  are  advocated. 

5.  Checkers. 

The  checker  problem  is  an  individual  one  for  each 
plant  to  solve  by  experience. 

The  tendency  is  towards  the  use  of  thinner  brick  with 
an  increase  in  the  vertical  dimensions  of  settings. 

The  use  of  checker  brick  having  a  higher  refractori- 
ness than  fire  clay  is  advocated  with  the  idea  of  impart- 
ing a  higher  preheat  to  the  incoming  gases. 

Oversize  checker  chambers  are  being  used  to  advan- 
tage. During  the  early  run  of  a  furnace  the  excess  num- 
ber of  checker  flues  are  covered  with  tile.  As  the  fur- 
nace ages  and  the  draft  becomes  impaired  these  tile  are 
removed.  Numerous  schemes  are  in  use  for  cleaning 
the  checkers  without  taking  the  furnace  olT. 

The  efl^ect  of  checker  resistance  to  the  gases  passing 
through  is  more  generally  understood  and  influences  the 
type  of  setting. 

6.  Ports. 

The  ports  on  a  producer  gas  furnace  have  ever  been 
the  cause  of  much  trouble  and  loss  and  it  has  not  been 
long  since  the  life  of  the  port  governed  the  life  of  the 
roof  and  in  cases  the  life  of  the  furnace.  With  the 
present  ports  this  is  not  the  case  and  the  ports  outlive 
several  rebuildings. 

The  original  brick  gas  port  has  been  gradually  rein- 
forced by  water  cooling  until  the  bricks  become  the 
minority.  Many  plants  still  prefer  to  do  their  own  water 
cooling  with  curved  pipe  at  the  nose,  but  the  commer- 
cial water  cooled  ports  are  gradually  winning  out. 

The  latest  ports  are  designed  with  the  idea  of  secur- 
ing quicker  and  more  perfect  fuel  burning  and  of  the 
numerous  types  being  developed  much  has  already  been 
accomplished.  The  heat  time  as  well  as  the  amount  of 
fuel  per  ton  has  been  materially  reduced. 

7.  Roof. 

The  ribbed  roof  is  now  firmly  established  in  open 
hearth  practice  and  the  debated  points  are  mainly  as  to 
the  length  of  brick. 

Researches  are  being  made  to  find  a  brick  which  will 
possess  all  the  good  qualities  of  a  silica  brick  and  in  addi- 
tion have  a  fusion  point  considerably  higher.  This  search 
is  not  being  confined  to  the  so-called  cheaper  materials 
alone,  but  to  the  high  priced  refractories  which  have 
previously  only  been  used  for  special  work. 

In  a  few  shops  the  bonded  roof  has  been  adopted 
with  excellent  results. 

Experimenting  is  also  being  done  to  determine  the 
most  efficient  height  to  build  the  roof  to  secure  better 
fuel  burning. 
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8.  Burners. 

Burner  design  has  received  special  attention  and  has 
resulted  in  a  big  saving  of  fuel.  The  heat  times  have 
been  reduced  and  the  utilization  of  fuels  and  combina- 
tions of  fuels  has  been  made  possible  which  had  pre- 
viously been  impossible. 

9.  Uptakes. 

The  uptakes  of  the  present  day  open  hearth  are  be- 
ing made  the  objects  of  much  changing.  The  general 
trend  is  toward  increased  area. 

In  several  of  the  newer  types  of  furnace  the  air  up- 
take area  is  controlled  by  the  installation  of  either  slide 
or  mushroom  dampers  which  cannot  be  connected  with 
the  reversing  mechanism. 

The  air  uptake  designs  vary  from  a  single  uptake 
which  extends  across  the  entire  end  of  the  furnace  in 
one  case  to  another  in  which  a  portion  of  the  air  for 
combustion  is  by-passed  and  introduced  into  the  gas  port 
at  an  angle  a  short  distance  behind  the  nose.   - 

The  aim  of  each  design  is  to  obtain  "blow  pipe 
action,"  thereby  securing  quicker  combustion  and  in- 
tense sectional  heating  which  results  in  faster  melting 
and,  with  the  proper  regulation  better  fuel  economy. 

It  has  been  demonstrated  that  it  is  possible  to  obtain 
this  desired  action  by  the  proper  port  design. 

The  use  of  a  fan  for  introducing  the  necessary  air 
for  combustion  under  pressure  is  the  plan  adopted  in 
several  designs,  but  this  method  is  still  detrimental  to 
furnace  life. 

10.  Slag  Pockets. 

Slag  pocket  design  has  been  advancing  along. the  lines 
of  increased  size  and  speed  of  cleaning. 

Modern  practice  demands  the  frequent  removal  of 
tFie  slag  without  taking  the  furnace  off  for  minor  repairs. 

There  are  numerous  methods  of  water  cooling  in  the 
slag  pockets  for  accomplishing  this  purpose.  Inter- 
changeable buggies  are  also  used  for  this  purpose. 

11.  Charging  Machines. 

Mechanical  charging  machines  have  practically  elimi- 
nated the  old  hand  charging  process.     The  machine  most 


preferred  at  present  is  the  low  type  and  one  in  which  the 
operator  and  control  is  separated  from  the  peel.  The  de- 
mand is  for  faster  machines  and  stronger  motors. 

12.  Doors,  Frames,  Etc. 

The  change  in  this  equipment  has  been  to  water  cool- 
ing and  larger  sizes.  Some  progress  has  been  made  in 
making  the  frames  in  more  than  one  piece.  Cast  and 
welded  steel  are  used  in  excess  with  many  buckstays  still 
made  from  slabs  and  structural  shapes. 

Water  cooling  equipment  is  being  used  for  bulkheads, 
slag  lines,  back  walls  and  chills  in  addition  to  those  men- 
tioned. 

13.  Gas  Producers. 

Mechanical  gas  producers  have  practically  eliminated 
the  old  hand  operated  machines  in  all  of  the  larger  plants. 

This  has  been  caused  by  the  desire  to  produce  more 
and  better  gas  from  a  given  unit  and  the  difficulty  of 
securing  competent  and  reliable  operators. 

There  are  a  number  of  makes  of  full  and  semi-me- 
chanical producers  on  the  market  in  which  the  gas  mak- 
ing operations  are  done  mechanicalh'. 

All  the  latest  types  are  water  sealed  and  use  a  mix- 
ture of  steam  and  air.  In  addition  to  a  steam  jet  blower 
a  turbo  blower  is  supplied  with  facilities  for  admitting 
live  steam  to  the  blast. 

Any  producer  requires  experienced  and  careful  opera- 
tion and  the  quality  of  the  coal  used  is  also  important. 

14.  Bottom  Making. 

Considerable  experimenting  has  been  done  to  develop 
a  satisfactory  mechanical  means  for  making  bottom.  Sev- 
eral devices  are  available  for  patching  the  back  wall  slag 
line. 

The  inability  to  secure  Austrian  magnesite  for  bot- 
tom making  resulted  in  the  development  of  our  American 
magnesite  deposits.  Numerous  substitute  materials  were 
put  on  the  market  for  this  purpose  with  varying  degrees 
of  success.  This  condition  had  the  effect  of  forcibly 
demonstrating  to  open  hearth  men  the  value  of  good 
dolomite  and  the  proper  care  of  the  bottom'. 


Progress  of  Electric  Steel  Furnace 

Although  Progress  in  Electric  Steel  Furnace  Development  Has 
Been  Slow  During  Past  Year,  Writer  Looks  for  Greatest  Develop- 
ments to  Take  Place  as  Business  Situation  Improves. 

By  EDWARD  T.   MOORE* 


SINCE  its  inception  about  40  years  ago,  the  progress 
of  development  of  the  electric  steel  furnace  has  been 
one  of  unusual  activity,  especially  the  decade   1909 
to  1919. 

The  year  1920,  and  more  especially  the  year  1921, 
will  no  doubt  go  down  in  history  as  the  low-water  mark 
in  the  growth  of  electric  furnaces  since  the  beginning  of 
its  phenomenal  advancement  over  10  years  ago. 


*'Mr.  Moore  is  consulting  electrical  engineer  with  the 
Halconib  Steel  Company,  Syracuse,  N.  Y.  He  is  also  chair- 
man of  the  Electric  Furnace  Committee,  Association  of  Iron 
and  Steel  Engineers.  Also  a  Fellow  and  chairman,  Syracuse 
^Section,  American   Institute  of  Electrical  Engineers. 


The  beginning  of  this  rapid  growth  dates  back  to 
the  first  commercial  electric  furnace  in  the  United  States 
for  melting  and  refining  steel  at  the  works  of  the  Hal- 
comb  Steel  Coiupany,  Syracuse,  N.  Y.,  from  which  the 
first  heat  was  tapped  on  April  5,  1906.  Since  this  tiiue 
there  has  been  a  rapid  development  in  technical  and 
operating  details,  resulting  in  furnaces  of  greater  capa- 
city being  constructed,  as  the  following  table  will 
indicate: 

Caf^acity 
Location  Tons 

Halcomb   .Steel   Company .  .     4 
Illinois  Steel   Company....    15 


Date  zvhcn  first  heat 

was  lapped 

April  5.  1906 

May  10,  1909 
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Carnegie  Steel  Company.  . .  25  Nov.  17,  1916 

U.S.  Naval  Odnance  Plant  40  Feb.  2,  1921 

A  further  indication  of  tlu-  progress  of  the  electric 
furnace  can  he  gained  from  Figs.  1  and  2.  In  1911  there 
were  only  10  electric  steel  furnaces  in  operation  in  the 
Uiiited  States,  and  the  steel  produced  in  them  amounted 
to  29,105  tons.  By  1915  the  number  of  furnaces  had 
increased  to  41.  and  the  production  to  69,412  tons.  In 
1917  there  were  in  operation  136  furnaces  producing 
304,543  tons.  By  1919  the  furnaces  numbered  287  and 
the  output  was  566.084  tons.  On  January  1,  1921,  356 
furnaces  were  installed  or  contracted  for  in  the  United 
States. 

In  the  early  days  of  the  electric  furnace,  a  number 
of  single  phase  units  of  comparatively  small  capacity 
were  put  into  use  and  are  still  in  service.  To  date  there 
are  approximately  37  single  phase  furnaces  installed  as 
against  319  polyphase  units.  Since  January  1,  1918,  so 
far  as  can  be  learned,  only  five  single  phase  steel  fur- 
naces have  been  installed  in  this  country.  It  is  interest- 
ing to  note  also  that  of  the  356  furnaces  now  installed, 
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151  are  in  plants  having  two  or  more  furnaces  each,  the 
number  of  such  plants  totaling  55. 

As  has  been  noted  in  the  table  above,  the  tapping  of 
the  first  heats  from  two  40-ton  Heroult  steel  furnaces  at 
the  U.  S.  Naval  Ordnance  plant.  South  Charleston,  W. 
Va.,  on  February  2,  1921,  marked  a  considerable  step 
forw-ard  in  electric  furnace  construction  and  in  the  elec- 
trometallurgy of  steel  and  iron.  This  is  probably  the 
greatest  development  during  the  year  just  passed  and 
consequently  is  of  great  interest  and  value,  not  only  to 
the  electrical  engineer,  chemist,  and  metallurgist,  but,  in 
this  specific  case,  to  those  concerned  in  the  manufacture 
and  application  of  ordnance  and  armor. 

These  40-ton  electric  furnaces  are  operated  in  con- 
junction with  two  75-ton  basic  open  hearth  furnaces 
using  natural  gas  of  950  to  1000  Btu.,  and  after  de- 
phosphorizing, the  molten  steel  is  transferred  to  the 
electric  to  be  desulphurized,  deoxidized,  and  brought  to 
the  final  temperature  preparatory  to  teeming  and  cast- 
ing. 

Each  electric  furnace  is  basic  lined  and  has  a  trans- 
former capacity  of  3300  kva.     The  transformers,  built 


by  the  General  Electric  Company,  are  water-cooled  3 
phase  units  with  a  primary  for  6600  volts  operation  and 
taps  arranged  so  that  full  input  can  be  obtained  at  100 
or  90  volts  as  desired  in  the  furnace,  the  last  connection 
giving  21,200  amperes  per  phase. 

.•\11  the  electrical  equipment  used  with  the.se  furnaces 
is  practically  standard,  including  the  regulators,  switch- 
board and  meters. 

One  of  the  furnaces  is  equipped  with  24-in.  diameter 
amorphous  carbon  electrodes  and  the  other  one  with  14- 
in.  diameter  graphite  electrodes,  thus  giving  current 
densities  of  46.8  and  137.5  amperes  per  square  inch 
respectively  with  the  transformer  at  its  maximum  output 
of  21,000  amperes  per  phase.  Some  very  excellent  data 
has  no  doubt  been  secured  on  the  relative  electrode  con- 
sumptions, breakage,  and  other  troubles  causing  delays. 

While  these  furnaces  are  of  the  largest  capacity  yet 
installed,  negotiations  are  under  way,  it  is  understood, 
to  install  60-ton  electrics  in  Henry  Ford's  plant  at 
River  Rouge,  so  that  the  year  1921  will  be  notable  prin- 
cipally for"  the  development  of  larger  capacities. 

Reactance. 

Considerable  study  has  been  made  of  the  reactance 
of  furnace  circuits  and  much  improvement  secured  by 
properly  installing  this  feature.  The  reactance  must 
be  depended  upon  to  limit  the  value  of  the  current 
surges  that  may  occur  during  the  melting  down  portion 
of  the  operating  cycle.  These  surges  may  be  due  to 
pieces  of  metal  falling  against  the  electrodes  and  caus- 
ing momentary  short  circuits,  or  to  establishing  the 
arc,  after  it  has  been  broken  by  the  rapid  melting  away 
of  the  metal.  The  frequency  and  duration  of  these 
surges  depend  largely  on  the  care  used  by  the  operator 
in  charging  the  furnace.  During  the  refining  period, 
surges  are  of  much  smaller  magnitude  and  very  much 
less  frequent,  so  that  the  value  of  reactance  used,  while 
usually  the  .same,  should  preferably  be  reduced,  with 
much  improvement  to  power  factor. 

Power  factor  and  reactance  are  intimately  connected, 
and  considerable  harm  has  been  done  by  advocating  too 
high  a  power  factor.  Public  reference  was  recently 
made  to  the  unsatisfactory  operating  characteristics  of 
a  3  ton,  3  phase,  100  kva.  furnace  taking  power  from 
a  11,000  volt,  25  cycle  circuit.  On  account  of  the  low 
reactance  of  this  equipment,  it  is  common  occurrence  for 
the  oil  breaker  to  open  several  times  during  a  heat,  and 
as  this  breaker  is  set  at  six  times  normal  current  a  re- 
actance of  approximately  16  per  cent  is  indicated,  which 
should  give  a  power  factor  of  over  98  per  cent — a  figure 
unnecessarily  high. 

If  the  reactance  was  doubled,  the  pow-er  factor  would 
be  still  approximately  95  per  cent,  while  the  short  circuit 
current  would  be  decreased  from  600  per  cent  to  320 
per  cent.  If  the  reactance  was  still  further  increased  to 
43.6  per  cent  the  power  factor  would  still  have  the  ex- 
cellent value  of  90  per  cent  and  the  short  circuit  current 
would  be  229  per  cent.  This  seems  to  be  a  desirable 
value  although  if  still  better  protection  is  desired,  such 
as  on  a  small  capacity  privately  owned  plant,  a  reactance 
value  of  53  per  cent  would  give  a  power  factor  of  85  per 
cent  and  a  short  circuit  current  of  190  per  cent.  These 
figures  are  based  on  values  that  would  be  obtained  with 
a  reactance  having  the  characteristic  of  the  air  core 
type,  which  is  generally  used  in  furnace  installations,  and 
would  necessarily  be  altered  for  iron  core  reactors  and 
reactors  of  the  compounding  type,  such  as  saturated 
reactors. 

A  6  ton,  3  phase  furnace  having  transformer  capa- 
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city  of  1500  kva.  on  a  60  cycle  circuit  will  have  approxi- 
mately 90  per  cent  power  factor,  indicating  a  reactance 
of  43.6  per  cent,  of  which  about  6  per  cent  will  be  in  the 
transformers.  The  remaining  37.6  per  cent  reactance, 
which  is  principally  in  the  secondary  leads,  would  be  re- 
duced to  15.7  per  cent  on  a  25  cycle  circuit.  The  25 
cycle  transformer  would  have  a  reactance  of  about  7  per 
cent,  which,  added  to  the  15.7  per  cent,  would  give  a 
total  of  2.7  per  cent,  indicating  a  power  factor  of  97.4 
per  cent  with  a  corresponding  short  circuit  current  of  440 
per  cent.  This  indicates  that  to  give  the  smooth  opera- 
tion of  a  90  per  cent  power  factor  furnace,  a  20  per  cent 
reactance  should  be  added  to  a  furnace  that  normally  re- 
quired no  exterior  reactance  on  a  60  cycle  circuit.  Con- 
siderable thought  has  been  given  by  the  writer  to  a  type 
of  reactor  having  a  normal  reactance  value  at  rated  capa- 
city, but  a  much  higher  reactance  at  overloads  and  also 
a  reduced  reactance  at  reduced  load.  The  graph  (Fig.  3) 
illustrates  the  relation  between  reactance  and  power  fac- 
tor in  a  circuit.  As  abscissae  are  plotted  reactance  volt- 
ages in  percentage  of  the  supply  voltage,  while  the  ordi- 
nates  represent  the  power  factor  of  the  circuit  in  per 
cent.  Incidentally,  the  ordinates  of  this  curve  also  indi- 
cate the  voltage  drop  due  to  resistance  in  the  circuit,  or, 
neglecting  the  resistance  in  the  transformer  and  furnace 
leads,  the  actual  voltage  which  is  obtained  across  the 
furnace  electrodes  in  per  cent  of  the  supply  voltage. 

Electrodes. 

One  of  the  largest  cost  items  in  the  manufacture 
of  steel  by  the  electric  furnace  comes  from  electrodes, 
and  users  of  this  material  have  not  been  careful  enough 
in  the  past  in  regard  to  the  handling  and  proper  use  of 
them.  In  spite  of  every  precaution  taken  by  the  manu- 
facturer, careless  storage  or  handling  of  electrodes  by 
the  user  will  cause  trouble.  The  desirable  characteris- 
tics of  an  electrode  are : 

1.  Low  electrical  resistance. 

2.  Slow  rate  of  oxidation. 

3.  Strength  to   withstand  the   handling  received 
during  transportation,  installation,  and  operation. 

4.  Low  heat  conductivity. 

The  prevention  of  abrasions  on  the  outside  surface 
of  electrodes  should  be  particularly  guarded  against  as 
serious  local  heating  results  and  hence  increased  oxida- 
tion with  attendant  excessive  electrode  waste.  The  elec- 
trode manufacturers  have  done  considerable  work  to- 
ward improving  the  quality  of  their  product  and  by  in- 
creasing the  density,  much  better  results  have  been  se- 
cured. A  specification  on  furnace  electrodes  made  up 
by  the  Electric  Furnace  Committee  of  the  Association  of 
Iron  and  Steel  Electric  Engineers,  while  an  initial  ef- 
fort, will  serve  as  a  valuable  guide  in  checking  and  in- 
specting electrodes.  This  specification  also  outlines  a 
method  of  determining  electrode  resistance  and  specifies 
that  amorphous  carbon  electrodes  should  have  an  aver- 
age specific  resistance  of  not  more  than  .002  ohm  per 
inch  cube  at  20  deg.  C,  with  no  single  electrode  above 
.0025  ohm.  With  graphite  electrodes  the  average  spe- 
cific resistance  should  be  .00036  ohm  per  inch  cube. 

A  new  development  within  the  past  several  years 
which  has  met  with  success  in  the  ferro-alloy  industry  and 
which  has  possibilities  of  being  extended  to  the  electric 
steel  furnace  is  the  Soderberg  self-baking  continuous 
electrode.  This  electrode  consists  of  a  steel  tube  filled 
with  prepared  carbonaceous  material  which  bakes  itself 
in  the  furnace  in  which  it  is  used.  Extensions  are  made 
to  the  tube  by  welding  in  place  and  without  interfering 
with  the  operation,  and  the  tube  then  filled.    As  the  bot- 


tom portion  within  the  furnace  biu'ns  away  the  new  por- 
tion eventually  reaches  a  point  within  the  furnace  where 
baking  results,  after  which  it  reaches  the  zone  of  use. 
A  great  economy  in  electrode  cost  has  been  obtained 
with  this  type  in  ferro-silicon  furnaces  in  Norway,  and  it 
has  been  demonstrated  in  this  country  at  Anniston,  Ala., 
with  very  favorable  results,  we  understand.  On  account 
of  the  present  necessity  of  using  a  metal  tube  or  jacket, 
it  is  questionable  if  it  could  be  used  successfully  in  steel 
furnaces.  With  some  modifications,  however,  it  no 
doubt  can  be  adapted  for  the  steel  furnace  and  should 
eliminate  the  present  costly  delays  due  to  electrode 
handling  and  breakage. 

Regulators. 

It  is  the  duty  of  the  regluator  to  so  control  the  posi- 
tion of  the  electrodes  automatically  with  respect  to  the 
furnace  charge  that  one  component  of  the  power  input 
will  remain  substantially  constant,  regardless  of  other 
conditions  within  the  furnace.  On  account  of  the  me- 
chanical and  electrical  inertia  of  the  system,  a  time  lag 
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exists  between  the  change  of  the  regulated  quantity  and 
its  effect  on  the  position  of  the  electrodes,  and  in  at- 
tempting to  obtain  high  speed  and  precision,  a  condition 
known  as  "hunting"  is  invariably  encountered.  When 
an  elementary  control  is  employed  to  maintain  an  un- 
stable quantity  constant,  it  is  necessary  to  either  operate 
at  low  speeds,  or  to  be  satisfied  with  reduced  accuracy, 
or  to  strike  a  compromise  on  both. .  Owing  to  the  inertia 
of  the  moving  parts,  however,  the  electrode  motor  will 
drift  somewhat,  and  if  a  fairly  high  electrode  speed  is 
used,  the  electrode  will  over-travel  a  sufficient  amount 
to  change  the  regulated  quantity  to  the  opposite  side  of 
its  normal  value. 

In  order  to  combine  the  advantage  of  high  speed  and 
at  the  same  time  eliminate  over-travel  of  the  electrode, 
the  Westinghouse  Electric  &  Manufacturing  Company 
has  developed  a  new  regulator  which  allows  the  elec- 
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trodc  motor  to  operate  continuously,  and  the  electrodes 
at  high  speed,  until  the  current  reaches  to  within  ap- 
proximately 15  per  cent  of  its  normal  value.  Between 
this  15  per  cent  point  and  the  normal  value  of  the  cur- 
rent the  regulator  assumes  a  vibrating  condition,  and 
the  electrode  motors  are  subjected  to  a  series  of  im- 
pulses, the  average  time  the  motor  is  connected  to  the 
circuit  being  a  function  of  the  amount  the  furnace  cur- 
rent deviates  at  any  particular  instant  from  its  normal 
value.  There  are  two  distinct  stages,  therefore,  in  the 
operation  of  the  regulator,  one  being  the  continuously 
running  stage  and  the  other  the  vibrating  stage.  The 
vibrating  feature  permits  the  motors  to  operate  at  a  high 
speed  until  the  current  in  the  electrode  has  been  brought 
back  to  within  approximately  15  per  cent  of  normal, 
when  the  speed  is  gradually  reduced  to  zero.  High 
speed  and  freedom  from  over  shooting  are  thus  obtained. 
Action  is  secured  by  current  and  voltage  coils,  the 
current  coil  being  connected  as  usual  and  the  voltage  coil 
connected  between  the  electrode  and  furnace  shell.  On 
account  of  the  voltage  element,  it  is  impossible  for  the 
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electrode  to  dip  into  the  bath  and  is  an  advantage,  par- 
ticularly when  producing  low  carbon  steel.  This  volt- 
age element  in  the  control  of  each  electrode  makes  each 
unit  independent  of  the  others,  and  in  addition  serves  as 
a  no-voltage  release. 

It  is  said  that  the  new  features  of  this  regulator  per- 
mit the  furnace  to  be  placed  on  automatic  regulation  on 
a  cold  charge  immediately,  and  in  cases  where  the  elec- 
trode bores  into  the  charge,  which  later  falls  in  around 
it  and  causes  the  breaker  to  trip  out,  that  the  regulator 
will  act  to  extricate  the  electrode  in  a  large  majority 
of  cases  before  the  breaker  is  tripped. 

Electrodynamic  Forces. 

In  a  paper  presented  before  the  American  Electro- 
chemical Society,  Dr.  Hering  discusses  a  number  of 
quite  recently  discovered  mechanical  forces  in  electric 
furnaces  which  are  of  electric  origin.  These  forces  may 
be  made  use  of,  or  may  be  detrimental,  in  some  types 
of  electric  furnaces,  chieflv  those  in  which  the  heat-de- 


veloping resistor  is  a  liquid,  which  responds  to  these 
forces  more  readily  than  a  solid.  -Such  forces  may  he 
usefully  applied  to  cause  the  liquid  metal  to  flow  rapidly 
through  the  heat-developing  resistor,  thereby  enabling 
the  furnace  to  be  forced,  and  to  cause  a  strong  upward 
circulation  in  an  adjoining  bath,  by  w'hich  the  metal  is 
retined  of  suspended  impurities  and  made  homogeneous. 
Reference  is  mnde  to  the  well  known  "pinch  effect"  as 
well  as  the  newer  "corner  effect"  and  "stretch  effect." 
Much  opportunity  remains  in  this  field  of  high  current 
density  to  study  the  existent  mechanical  forces,  but  great 
per.severance  is  necessary  on  the  part  of  the  investigator 
as  direct  experiments  are  tedious  and  difficult,  as  so  many 
foreign  factors  are  likely  to  enter  to  mask  the  results. 
The  majority  of  these  forces  probably  increase  with  the 
square  of  the  current,  and  may  therefore  not  be  very  evi- 
dent until  the  currents  become  very  large. 

Induction  Steel  Furnace. 

The  first  ones  to  recognize  the  possibility  of  heating 
by  induction  currents  were  deFerranti  and  Colby,  and  it 
is  generally  conceded  that  the  basic  use  of  the  trans- 
former principle  to  electric  furnaces  was  independently 
applied  bv  both  of  these  inventors  in  18S7,  the  dates  of 
their  patent  applications  being  but  a  few  months  apart. 
Their  design,  however,  was  never  put  to  practical  use 
although  some  of  the  early  principles  adopted  by  Colby 
closely  resemble  present  day  apparatus  and  probably  be- 
cause of  the  more  practical  nature  of  his  developments 
was  awarded  the  Franklin  Institute  Medal  for  his  in- 
duction furnace. 

After  the  first  early  developments  of  the  induction 
furnace  it  seemed  to  be  overshadowed  by  the  success  of 
the  arc  furnace,  as  prior  to  1914  the  largest  unit  of  the 
induction  type  in  the  United  States  had  a  capacity  of 
only  two  tons.  The  inherent  low  power  factor  of  the 
furnace  and  the  difiiculty  of  maintaining  a  satisfactory 
refractory  lining  were  greatly  responsible  for  this  lack 
of  development. 

In  1914  two  induction  furnaces  of  20  tons  capacity 
were  installed  and  at  that  time  were  the  largest  of  any 
type  in  the  United  States.  This  supremacy  continued 
until  the  installation  of  a  25-ton  Heroult  furnace  in  1916. 
These  20-ton  induction  furnaces  were  of  the  two-ring 
type  and  in  operation  utilized  single  phase  current  of 
five-cycle  frequency  at  5000  volts  with  a  special  motor- 
generator  set  haying  an  output  of  4000  kva.  at  5000 
volts,  5  cycles  and  driven  by  a  three  phase,  25  cycle,  2300 
volt  synchronous  motor.  In  opeVation  the  furnace  rings 
are  charged  with  molten  metal,  every  part  of  w-hich  is 
thereby  subjected  to  intense,  uniform  and  positively  con- 
trolled heat,  and  is  then  poured  off  after  a  treatment 
lasting  from  60  to  90  minutes. 

These  large  size  induction  furnaces  have  not  been 
entirely  successful  and,  it  is  understood,  have  been  out 
of  service  for  some  time.  The  refractory  expen.se  in 
these  large  furnaces  is  very  high  and  for  general  work 
the  arc  furnace  has  been  found  quite  superior.  This  re- 
lationship may  be  changed  in  the  future  for  special  appli- 
cations as  a  two  ton  induction  furnace  developed  by  the 
General  Electric  Company  has  recently  completed  a  run 
of  555  heats  on  one  lining.  This  is  exceptional  perform- 
ance, especially  when  we  consider  that  each  heat  con- 
sisted in  melting  high  silicon  steel  scrap  on  a  magnesite 
lining ;  but  as  the  desired  results  could  not  be  obtained 
readily  in  any  other  way  it  was  necessary  to  follow  this 
apparently  incongruous  practice.  Assuming  the  same 
results  could  be  obtained  with  the  arc  furnace,  the  lining 
cost  of  induction  furnace  is  considerably  below  the  single 
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item  of  electrode  cost  in  the  arc  furnace,  while  the  fig- 
ures for  power  consumption  are  comparable.  The  de- 
velopment of  a  new  furnace  lining  called  "furnite"  has 
done  much  to  render  this  furnace  successful,  and  un- 
questionably larger  units  of  this  particular  type  will  be 
forthcoming. 

Conclusion. 

Of  necessity  this  review  must  be  incomplete  as  many 
developments  are  not  learned  till  long  after  their  incep- 
tion and  usually  a  considerable  time  elapses  between  the 
inception  and  application  to  actual  practice.  Those  de- 
siring to  pursue  this  subject  further  may  do  so  by  re- 
ferring to  the  articles  in  the  bibliography  following,  to 
the  authors  of  which  we  are  indebted  for  much  of  our 
information. 

It  would  be  a  great  mistake  to  surmise  that  the 
rather  retarded  progress  during  the  past  year  foretells 
any  slowing  down  of  progress  in  electric  steel  furnace 
development.  Indeed,  it  rather  lays  emphasis  on  how  far 
and  how  fast  the  art  has  advanced.  During  periods  of 
relative  inaction,  such  as  the  past  year,  a  great  deal  of 
thought  and  conception  is  taking  place  and  when 
finances  are  such  that  these  theories  may  be  tried  out  in 


practice,  we  are  bound  to  reap  in  the  harvest,  not   far 
distant,  the  results  of  our  work  at  this  time. 
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Manufacture  of  Commercially  Pure  Iron 

Departures  from  the  Usual  Manufacturing  Procedures  in  Making 
Pure  Iron — Analyses  Show  Difference  Between  Common  Steel 
Slags  and  Commercial  Pure  Iron  Slags. 

By  D.  M.  STRICKLAND* 


DURING  the  mythical  days,  so  vividly  described  in 
"The  Arabian  Nights,"  it  would  have  only  been 
necessary  in  order  to  obtain  commercially  pure 
iron  that  Aladdin  rub  his  old  lamp  and  request  the  ap- 
pearing genii  to  respond  with  a  delivery.  However,  this 
was  a  long,  long  time  ago.  The  gnomes  and  fairies  no 
longer  respond  to  the  demands  of  mortals,  so  mankind, 
denied  the  privilege,  of  simply  asking  for  its  require- 
ments, has  been  forced  to  develop  and  produce  life's 
comforts  and  necessities  wholly  unaided  by  supernatural 
powers. 

;•■  In  fact,  hundreds  of  years  have  passed  since  the 
f^mptis  old  lamp' ceased  to  function.  Consequently,  the 
abilities  of  men  have  been  steadily  increasing  until  today 
the  products  of  their  achievements  far  surpass  the  most 
fantastical  or  in^iaginative  myth  ever  dreamed  by  a  Per- 
sian nobleman.  It  has  remained  for  the  scientists  of  the 
twentieth  century  to  perfect  the  methods  of  ore  reduction 
and  purification  to  the  high  degree  where  it  is  possible 
to  prodiiee  commercially  pure  iron  economically  and  in 
quantities  sufficient  to  successfully  bring  this  product  to 
tbe-attentionof-presentday  users. 

Needless  to  say,  the  development  of  commercially 
pure  iron  has  not  been  the  result  of  a  series  of  fortunate 
accidents,  but,  on  the  other  hand,  has  only  been  accom- 
plished after  careful  thought,  repeated  experiments,  and 
adaptation  of  existing  manufacturing  methods  to  meet 
the  requirements  necessitated  for  the  production  of  the 

*The  author  of  this  paper  is  the  chemist  of  the  American 
Rolling  Mill   Company  at   Middletown,   Ohio. 


metal  desired.  Commercially  pure  iron  manufacture 
does  not  commence  with  the  open  hearth  process. 
Neither  is  the  blast  furnace  the  starting  point.  It  is 
necessary  to  go  to  the  source  of  all  ferrous  metal  pro- 
duction, namely,  iron  ore. 

Since  the  development  of  commercially  pure  iron  is 


Fig.  1. 

a  purification  process,  the  choice  of  the  ore  is  of  vital 
importance.  Obviously,  the  purer  the  ore.  the  fewer  ini- 
tial impurities  require  elimination.  It  is  for  this  rea- 
son that  the  ore  is  selected  with  exacting  care  and  only 
that  of  the  highest  cjuality  is  used  for  the  subsequent 
reduction.  When  the  ore  is  obtained,  the  process  of  com- 
mercially pure  iron  production  becomes  two- fold;  first, 


42 


UoBlasfF, 


urnacp: 


.O 


Sfool  Plonf 


January,  1922 


the  efforts  necessarily  expended  in  reducing  the  ore  it- 
self;  and,  second,  continuous  fighting  to  keep  the  product 
free  from  contamination  due  to  impurities  existing  in 
such  raw  materials  as  are  required  in  the  purification 
process. 

Using  the  purest  limestones  and  cokes  obtainable,  the 


Fig.  2. 

high  grade  ore  is  reduced  in  the  blast  furnace  with  a 
result  that  the  contaminating  impurities  in  the  pig  iron 
are  reduced  to  a  minimum.  It  is  self-evident  that  the 
pig  iron,  scrap,  and  other  raw  supplies  used  when  charg- 
ing the  open '  hearth  furnace  are  not  dumped  in  hap- 
hazardly, but  are  selected  only  after  repeated  analytical 
examinations,  comparison  of  values  and  elimination  of 
poor  quality  materials.  Even  the  fuel  is  analyzed,  and, 
when  producer  gas  is  used,  each  car  of  coal  chosen  for 
gas  making  purposes  must  conform  to  very  rigid  low 
sulphur  and  other  quality  specifications. 

Following  the  usual  basic  open  hearth  process,  the 
charge  of  selected  materials  is  melted  down  until  the 
heat  is  in  the  usual  condition  for  tapping.  At  tnis  point, 
however,  there  is  a  radical  change  from  the  practice  as 
followed  for  the  production  of  ordinary  irons  or  steels.. 
Although  the  molten  metal  is  in  condition  to  tap  for  the 
manufacture  of  these  last  named  metals,  yet,  commer- 
cially pure  iron  requires  additional  purification. 

The  charged  limestone  having  already  reduced  the 
sulphur  and  phosphorus  contents  to  a  minimum,  pure 
hematite  ore  is  now  added  for  the  purpose  of  reducing 
the  silicon,  carbon,  and  manganese  impurities  to  such 
low  amounts  that  the  resulting  product  will  contain 
traces  of  silicon,  sulphur,  phosphorus,  carbon  and  man- 
ganese in  summation  of  less  than  two-tenths  of  one  per 
cent. 

Metal  tests  are  taken  from  the  furnace  about  every 
30  minutes  during  this  final  additional  purification.  Ore 
is  added  after  each  test  is  taken  and  this  procedure  is 


followed  until  an  analysis  of  the  preliminary  sample 
shows  that  the  above  mentioned  impurities  are  reduced 
to  such  low  amounts  that  the  metal  conforms  to  com- 
mercially pure  iron  specifications,  the  manganese  and 
carbon  contents  both  being  below  .02  per  cent. 

The  direct  and  indirect  results  attending  this  purifi- 
cation process  are  many  and  of  decided  importance  to 
the  commercially  pure  iron  producer.  The  fact  that  the 
heat  remains  in  the  furnace  from  one  to  four  hours 
longer  than  when  other  products  are  manufactured  not 
only  decreases  the  tonnage  output  of  the  furnace,  but 
also  requires  that  the  refractory  furnace  linings  be  of 
such  high  efficiency  that  they  will  withstand  the  con- 
tinued action  of  the  molten  metal.  Before  a  commer- 
cially pure  iron  heat  is  charged,  the  bottom  and  banks 
of  the  furnace  must  be  carefully  prepared,  using  the 
best  refractories  money  can  buy. 

It  is  easy  to  see,  since  each  heat  lies  in  the  furnace 
a  few  extra  hours,  that  the  fuel  costs  are  greatly  in- 
creased. Also,  the  molten  iron  must  be  heated  to  a  tem- 
perature much  higher  than  that  required  for  steel.  This 
practice  not  only  further  increases  fuel  consumption,  but 
also  endangers  the  furnace  itself  and  materially  shortens 
its  service  life  even  though  the  best  grade  materials  are 
used  for  its  construction. 

The  slag  formed  during  a  commercially  pure  iron 
melt  is  unusually  high  in  iron  oxide  content.  The  fol- 
lowing typical  analyses  show  the  analytical  differences 
between  common  steel  slags  and  commercially  pure  iron 
slags : 

Coinmcrically  Pure 

Iron  Common  Steel 

Silica    10.06%  14.84% 

Iron  Oxide    40.43  18.21 

Alumina   2.71  3.77 

Calcium  Oxide  32.66  45.66 

Magnesium  Oxide  6.17  8.92 

Manganese  Oxide   4.21  3.87 

The  extreme  cutting  action  of  this  high  iron  oxide 
slag  (augmented  by  the  fact  that  an  increased  tem'pera- 


Fig.  3. 

ture  is  necessary  that  the  iron  pour  properly^  plays 
havoc  not  only  with  the  furnace  linings,  but  the  ladle 
brick  and  sleeve  brick  as  well  Using  the  best  grade 
ladle  brick  it  is  necessary  to  reline  the  ladle  every  third 
or  fourth  heat,  whereas  20  or  more  steel  heats  could  have 
been  poured  without  relining. 
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Fig.  No.  1  illustrates  this  point  very  clearly.  This  is 
the  view  of  a  section  of  a  stopper  rod  actually  used  when 
pouring  a  coniniercially  pure  iron  heat.  Two  sections 
of  a  costly  yet  highly  refractory  brick  of  special  design 
and  quality  were  placed  on  the  rod  in  order  to  coin- 
pare  them  with  the  ordinary  sleeve  brick  which  covered 
the  remainder.  These  sleeves,  which  the  illustration 
shows  have  successfully  withstood  the  action  of  the 
slag,  were  developed  after  many  trials  and  a  thorough 
comparison  of  various  style  sand  qualities  based  on  re- 
sults of  actual  service  experiments. 

Each  step  in  the  manufacture  of  commercially  pure 
iron  has  required  scientilic  thought,  study  and  experi- 
ment. The  efforts  of  an  efficient  research  organization 
have  been  essential  factors  in  the  development  of  the 
product.  Another  example  typifying  the  need  of  re- 
search endeavor  was  the  problem  of  degasification ;  in 
other  words,  the  perfection  of  sound  ingots  so  that,  when 
rolled  and  fabricated,  the  metal  would  be  sound  and  pos- 
sess the  very  desirable  qualities  resulting  when  the  iron 
is  gas  free.  Fig.  No.  2  (split  ingots)  illustrates  how 
successful  the  degasification  experiments  have  been  and 
shows  the  sound  com';nercially  pttre  iron  iiigot  in  com- 
parison with  the  tisual  tmsound  condition  of  the  cont- 
mon  steel  ingot. 

When  ready  to  roll  commercially  pure  iron,  the  manu- 
facturers were  confronted  with  another  problem,  namely, 
the  fracturing  and  breaking  of  the  metal  when  rolled  at 
certain  temperatures.  Investigation  disclosed  the  fact 
that  commercially  pure  iron  had  a  critical  range  within 


which  it  could  not  be  worked.  To  overcome  this  rolling 
characteristic,  it  was  necessary  to  again  depart  from 
usual  manufacturing  procedures. 

The  ingots  when  removed  from  the  soaking  pit  are 
worked  through  the  bloomers,  cut  in  suitable  lengths,  and 
transferred  to  cooling  racks  (Fig.  3)  where  they  cool 
down  through  the  critical  range.  They  are  then  removed 
from  the  rack,  rolled  to  proper  thickness,  and  sheared 
into  standard  sheet  bar  lengths. 

Mention  must  be  made  of  the  skilled  inspection  to 
which  each  bar  is  subjected  before  it  is  declared  fit  for 
sheet  rolling  purposes.  Only  such  bars  as  are  entirely 
free  from  blemishes  are  permitted  to  pass  to  the  sheet 
mill  units.  This  step  in  the  manufacturing  process  in- 
sures pritne  sheets  which,  after  scientifically  controlled 
annealing,  are  prepared  for  industrial  use  by  such  vari- 
ous finishing  processes  as  are  required  in  order  that  they 
conform  to  the  rigid  specifications  demanded  for  quality 
sheets. 

These  described  departures  from  the  usual  manufac- 
turing processes  do  not  tell  the  whole  story  of  commer- 
cially pure  iron  production,  yet  the  examples  enumer- 
ated typify  the  procedure  necessary  to  show  clearly  that 
each  step  in  the  entire  production  process  is  the  result  of 
careful  planning,  research  investigation,  and  the  elimina- 
tion of  such  manufacturing  procedures  as  may  be  suit- 
able for  ordinary  iron  or  steel  production  but  are  inade- 
quate when  commercially  pure  iron  is  the  desired 
product. 


The  Acid  Electric  Steel  Process 

Outline  of  an  Article  on  This  Subject  Written  by  Albert  Muller 
and  Published  in  Stahl  und  Eisen — Various  Metallurgical  Reac- 
tions in  This  Process  Are  Recorded. 

By  R.  J.  WEITLANER 


LOOKING  through  the  technical  literature  per- 
taining to  the  manufacture  of  steel  in  the  acid 
electric  furnace,  we  find  a  great  lack  of  informa- 
tion concerning  this  important  branch  of  the  steel  in- 
dustry. What  little  has  come  out  in  this  respect  is 
chiefly  devoted  to  the  melting  practice,  but  very  little 
light  is  thrown  upon  the  various  metallurgical  re- 
actions taking  place  in  this  process. 

In  view  of  the  fact  that  the  acid  electric  process 
plays  such  an  important  role  in  the  steel  foundry  and 
will  perhaps  in  the  future  become  an  adjunct  to  either 
the  basic  electric  or  basic  open  hearth,  it  may  be  op- 
portune to  give  to  American  steel  makers  the  outline 
of  an  article  on  acid  electric  steel  by  Albert  Mueller 
as  published  in  Stahl  und  Eisen  of  Jan.  15.  1914,  to  be  fol- 
lowed later  on  by  a  discussion  of  acid  electric  melting 
as  practiced  in  this  country,  as  far  as  the  writer's  own 
experience  with  it  is  concerned  or  as  far  as  it  has  coine 
under  his  observation. 

The  above  author  deals  with  the  refining  of  hot 
metal  in  a  three-ton  Girod  Furnace,  the  hot  metal  was 
delivered  from  a  basic  open  hearth  or  basic  converter. 
He  begins  with  a  description  of  an  acid  furnace  lining. 


The  hearth  of  the  furnace  was  made  with  a  mixture 
consisting  of  80  per  cent  crushed,  old  silica  bricks,  6 
per  cent  fire  clay  and  14  per  cent  tar  and  rammed  in 
as  far  as  the  slag  lime,  the  side  walls  and  the  roof  were 
made  of  silica  bricks. 


To  start 
Basic. 

TA 
-  Bottom 

with. 
Acid. 

BLE   1. 

Side 

To  start 
with. 

Compo- 
sition. 

After 

27  heats. 

Acid. 

Walls 

After 
27  heats. 

SiOi 

5.72 

80.50 

64.60 

95.30 

83.50 

CaO 

46.50 

4.30 

12.90 

1.85 

3.55 

Mg-O 

27.60 

1.91 

2.90 

Tr 

.65 

AUO3 

1.46 

3.08 

2,63 

.58 

.97 

Fe^Oa 

1.85 

.38 

.43 

.57 

4.50 

FeO 

.99 

1.16 

1.93 

.26 

3.65 

MnO 

.40 

.27 

12.05 

.19 

2.36 

P.O5 

.09 

.02 

.02 

.08 

.08 

Carbon 

8.60 

7.75 

1.20 

Not  det. 

,      Not  det 

Ignition 
Loss 

14.35 

7.80 

Table  1  illustrates  the  changes  taking  place  in  the 
composition  of  the  hearth  and  side  lining  after  a  run 
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of  27  heats,  and  gives  for  comparison  the  composition 
of  a  basic  hearth.  One  may  readily  see  to  what  large 
changes  in  composition  the  acid  hearth  is  subjected, 
especially  in  regard  to  its  content  in  silica  as  well  as 
to  CAO,  MgO  and  the  oxides  of  Fe  and  Mn.  showing 
the  marked  influence  of  the  reactions  in  the  furnace 
upon  the  bottom  material. 

The  carbon  left  in  the  hearth  from  the  tar  is  usually 
absorbed  after  two  heats,  but  whereas  this  carbon  in 
the  basic  bottom  has  no  part  in  the  chemical  reactions 
it  plays  a  very  important  role  in  the  acid  furnace,  re- 
ducing SiO,  to  a  large  extent,  so  that  the  first  few 
heats  show  an  excessive  amount  of  silicon  in  the  final 
product. 

Tables  2  and  3  give  the  changes  in  the  composition 
of  steel  and  slags,  also  showing  the  various  additions 
made  during  five  heats  and  Figures  1  to  5  illustrate 
these  results  by  means  of  curves. 


(3)  Reduction   of   SiO;  through   increase   in  slag 
temperature. 

Heat  No.  24  shows  a  decrease  of  SiO.  in  the  slag 
from  58.8  per  cent  to  54.4  per  cent  and  a  simultaneous 
increase  of  Si  in  steel  of  .1  per  cent  due  to  higher  power 
input  and  resultant  rise  in  temperature. 

(4)  Reduction  of  SiOj  by  carbon. 
According  to  SiO,  +  2  C  =  Si  +  2  Co. 

This  reduction  takes  place  during  carburizing  and 
will  be  noticed  in  heat  No.  24  where  with  an  increase 
in  carbon  of  .30  per  cent  the  silicon  went  up  from  .0 
to  .20  per  cent. 

All  these  reactions  increase  in  intensity  with  an 
increase  in  temperature  of  steel  and  slag.  The  in- 
crease in  Si  is  particularly  noticeable  in  newly  lined 
furnaces  but  after  a  longer  run  this  phcnomano  be- 
comes less  important.     As  this  reduction  decreases  in 
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Figs.  1  and  2 
Heat  Nos.  E  24  and  25 
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Figs.  3  and  4 
Heat  Nos.  29  and  31 
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Reduction  of  Silica. 

The  examples  given  in  tables  and  curves  allow  us 
to  distinguish  4  separate  phases  of  silica  reduction,  as 
follows : 

(1)  Continuous  and  almost  exclusive  reduction  of 
SiO,  from  the  hearth. 

In  a  normal  run  and  at  normal  temperatures  the 
reduction  of  Si.  will  largely  come  from  the  silica  of 
the  hearth.     (See  heat  25.) 

(1)  Reduction  of  SiO^  due  to  increased  percentage 
of  SiO^  in  slags. 

An  addition  of  silicious  material  (sand)  to  the  slag 
results  in  a  sudden  increase  of  Si  in  the  metal  as  seen 
from  heats  29  and  39  making  the  slag  sticky  and  pasty. 


intensity  the  two  most  important  reductions  are  pre- 
sented by  the  degree  of  silicity  and  the  temperature 
of  the  slag.  \\'e  notice  that  these  reactions  are  pro- 
portionately far  more  intense  than  similar  reactions 
in  an  acid  open  hearth  furnace  or  in  the  crucible 
process,  whereas  only  one  eighth  of  the  SiOo  is  re- 
duced in  the  latter. 

The  reduction  of  Si  from  the  lining  and  the  slag 
is  the  source  of  certain  advantages  inherent  to  the  acid 
electric  process  one  of  which  is  found  in  the  improve- 
ment of  the  quality  of  the  steel  and  another  in  the 
greater  economy,  since  additions  of  metallic  Ferro 
silicon  become  unnecessary.  It  also  causes  a  certain 
quietness  during  pouring,  which  is  characteristic  of 
acid  electric  steel  and  exerts  a  very  favorable  influence 
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Practice. 


TABLE  2— RESULTS   OF   HEATS. 
Test  No.  C.  Mn. 


Si. 


Open   Hearth  metal  324.. 

40      lbs.  petrol   coke   

22.4  lbs.  Ferro-manganese 
26.9  lbs.  Ferro-manganese 


Final  anal,  of  heat  24. 


.12 
.42 
.47 
.47 
.47 
.46 


Open   Hearth  metal  330 

44.8  lbs.  ore,    slagged   oflf 

44.8  lbs.  petrol    coke   and    electrodes. 

44.8  lbs.   Ferro-manganese     

22.4  lbs.  Ferro-manganese    ,. .  . . 

6.7  lbs.  Ferro-manganese    


.60 
.52 
.64 
.75 
.78 
.76 


.020 
.020 
.020 
.025 
.025 
.028 


Final  anal,  of  heat  25. 


.11 
.13 
.42 
.48 
.50 
.52 
.56 
.57 


.66 
.28 
.28 
.40 
.64 
.68 
.70 
.66 


.025 
.025 
.020 
.030 
.025 
.025 
.025 
.025 


.040 
.045 
.045 
.046 
.046 
.043 


.044 
.034 
.033 
.053 
.038 
.037 
.040 
.034 


trace 
.20 
.24 
.28 
.31 
.33 


.18 
.07 
.10 
.09 
.18 
.21 
.25 
.27 


Open  Hearth  metal  360. 
62.7  lbs.  petrol  coke.... 

3  shovels   of  sand 

Petrol  coke  to  reduce.. 

MnO   in   slag 

Final  anal,  heat  29 


.09 
.62 
.60 
.69 

.70 
.74 


.46 
.30 
.28. 
.28 

.28 
.30 


.015 
.015 
.013 
.010 
.015 
.015 


.030 
.026 
.026 
.018 
.020 
.020 


trace 
.09 
.12 
.16 
.23 
23 


Open   Hearth  metal  383 

134  lbs.  ore,  slagged  off 

49  lbs.  petrol  coke  and  electrodes. 

Test  red   short 

Test   red   short 

44.8  lbs.   Ferro-manganese 

Final  anal,  of  heat  31 


.10 
.12 
.51 
.56 
.58 
.56 
.56 


.45 
.17 
.18 
.18 

.18 
.54 
.44 


.015 
.020 
.020 
.025 
.025 
.025 
.022 


.034 
.032 
.039 
.042 
.057 
.048 
.035 


trace 
.04 
.07 
.10 
.08 
.16 
.19 


Open  Hearth  metal       ?        

54      lbs.  petrol  coke   

22.4  lbs.  Fe  Mang  , 

33.6  lbs.  Fe  Mang — 3  shovels  sand. 

4  shovels  sand  . . 

Final  anal,  of  heat  39 


.09 
.61 
.63 
.63 
.62 
.60 


.40 
.44 
.60 
.74 
.78 
.78 


.045 
.018 
.021 
.023 
.023 
.020 


TABLE  3— COiRRlESPONDING  SLAG  ANALYSIS. 


Heat  No. 


Test  No. 


SiO. 


CaO 


MgO 


Al=03 


Fe=0, 


FeO 


MnO 


.036 
.037 
.043 
,039 
.038 
.037 


P30, 


.10 
.13 
.17 
.23 
.26 
.25 


_0_in  base 
O  in  acid 


24 


I 
LI 
V 


51.50 
58.80 
54.00 


15.30 
11.40 
11.50 


3.80 
4.30 
5.20 


2.60 
2.14 
1.72 


6.95 
6.85 
3.35 


18.85 
16.30 

23.55 


.25 
.27 
.29 


.01 
.03 
.03 


Oxidiz  slag 
25 


ill  I 

V 

VII 


39.02 
54.84 
52.70 
52.60 


5.80 
14.50 
15.80 
13.70 


1.50 


3.20 


1.92 


1.52 


2.15 


23.80 
3.85 
3.60 
3.85 


25.41 
12.66 
20.15 
23.70 


.20 
.12 
.13 


.20 


.12 


29 


I 
V 


52.50 
55.80 


18.75 
19.60 


2.90 
4.02 


1.36 
2.02 


5.80 
3.55 


16.70 
13.85 


.11 

.03 


.05 
.03 


1/3 


Oxidiz  slag 

45.10 

5.35 

2.10 

1.75 

2.30 

23.65 

19.30 

.40 

trace 

III 

53.50 

29.60 

3.10 

1.49 

.43 

3.60 

4.95 

.i7 

trace 

31 

IV 
V 

55.20 
54.20 

not  det. 
not  det. 

4.35 
4.25 

5.70 
8.35 

VI 

54.20 

23.20 

3.05 

1.86 

.35 

4,05 

11.15 

.40 

traee 

I 

58.83 

24.29 

2.40 

1.75 

.29 

3.07 

8.93 

.39 

trace 

11 

58.54 

not  det. 

2.96 

9.59 

39 

III 

IV 

59.78 
57.92 

not  det. 
not  det. 

3.08 
2.58 

11.45 
13.79 

V 

66.27 

15.26 

2.03 

.is 

2.81 

11.68 

.51 

1/2 


2/3 


1/4 


upon  the  micro  structure  and  grain  size  of  the  finished 
product. 

According  to  Thalhier,  Geilenkirchen  &  Eilender, 
the  continuous  action  of  reduced  silicon  upon  the  metal 
must  need  be  preferable  to  the  addition  of  silicon  in 
its  solid  state,  as  it  is  not  liable  to  leave  behind  prod- 
ucts of  oxydation,  in  the  form  of  silicates  of  iron  and 
manganese  which  may  not  have  titne  to  rise  to  the  sur- 
face and  are  liable  to  make  their  appearance  in  the 
final  product  as  sand  spots,  etc.  The  action  of  silicon 
in  its  nascent  state  as  we  may  say,  will  naturally  be 
inore  beneficial  in  destroying  o.xides,  emulsions  and 
gases  than  solid  silicon. 


Sulphur. 

Besides  the  various  reactions  of  silicon  in  the  acid 
electric  process,  the  next  important  clement  to  be  con- 
sidered is  the  sulphur. 

A  glance  at  the  heat  curves  and  charts  reveals  the 
interesting  fact  that  in  almost  all  these  heats  the 
sulphur  shows  a  marked  variation  throughout  the 
operation  finally  resulting  in  a  slight  decrease. 

If  we  first  consider  the  oxydizing  stage  of  a  melt 
we  will  note  a  slight  decrease  in  sulphur  which  is  most 
probably  caused  by  the  reaction  FeS  -f-  2  FeO  =  3  Fe 
-f  So,.  • 

This  oxydation  of  S  to  So,  also  occurs  in  the  puddle 
process  and  in  the  oxydizing  stage  of  the  basic  elec- 
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trie  furnace.  This  is  particularly  manifest  in  heat 
No.  25  and  to  a  minor  degree  in  other  cases  where  the 
FeO  content  of  the  slag  was  less  marked  and  where 
the  temperature  was  possibly  lower.  Considering  now 
the  second,  or  refining  part  of  the  process  another 
explanation  must  be  sought  to  account  for  the  fact 
that  the  percentage  of  sulphur  in  the  metal  is  not  only 
maintained  but  in  some  cases  decreased. 

It  should  be  borne  in  mind  that  in  adding  petrol 
coke  considerable  c^uantities  of  sulphur  (see  heats  Nos. 
25  and  31)  were  introduced  into  the  metal  and  as  the 
tests  taken  did  not  correspond  in  time  with  these  ad- 
ditions, the  apex  of  the  sulphur  line  would  be  con- 
siderably higher  than  the  one  shown  by  the  curves  (see 
Figs.  2  ami  4).  The  actual  amount  of  sulphur  con- 
tained in  62.7  lbs.  of  petrol  coke  added  in  heat  No.  29 
was  170  grams,  corresponding  to  .01  per  cent  S  in  the 
bath,  most  of  which  must  have  been  dissoved  by  the 
steel  and  then  again  been  eliminated  in  the  course  of 
the  melt. 

We  are  therefore  justified  to  speak  of  a  desulphur- 
ization  in  the  acid  electric  furnace. 

How  does  desulphurization  in  an  acid  electric  fur- 
nace take  place? 

In  the  basic  electric  process  desulphurization  is 
carried  out  under  a  strongly  basic  and  reducing  slag 
after  all  the  oxides  of  iron  and  manganese  have  been 
reduced  according  to : 

3  FeS  -f  2  CaO  +  Ca  C  =  3  Fe  +  3  Co  S  +  2  CO 

We  are  not  only  able  to  obtain  slags  in  the  acid  furnace 
which  are  practically  free  from  oxides  but  may  even 
observe  the  formation  of  calciumcarbide  from  the  lime 
and  carbon  added. 

On  account  of  the  low  percentage  of  lime  however 
and  the  presence  of  considerable  MnO  in  these  acid 
slags  we  cannot  speak  of  a  desulphurization  according 
to  above  equation.  This  is  shown  by  the  fact  that  the 
CaS  content  of  the  slag  is  not  appreciably  higher  in 
the  final  slag  test.  Therefore  we  must  conclude  that 
sulphur  is  reduced  thru  formation  of  the  volatile  sul- 
phur silicide  SiS,,  a  reaction  which  also  occurs  under 
the  electric  are  of  the  basic  electric  process. 

In  regard  to  the  elimination  of  phosphorus  which 
can  be  carried  out  so  completely  under  a  basic  oxydiz- 
ing  slag  in  the  basic  electric  furnace,  this  of  course 
cannot  be  done  in  the  acid  process.  Any  phosphates 
of  iron  would  be  decomposed  by  the  excess  of  silica, 
the  phosphorus  being  reduced  back  into  the  bath. 
Curves  1  to  5  show  a  slight  increase  of  this  element 
due  to  metallic  additions  made  at  the  finish  of  the 
heat. 

Furnace  Practice. 

In  conformity  with  the  acid  lining  an  acid  slag  has 
to  be  carried,  which,  with  a  cold  charge  will  form 
itself  through  combination  of  iron  and  manganese 
oxides  with  the  impurities  of  the  charge  and  through 
oxidation  of  silicon.  As  the  furnace  in  discussion,  how- 
ever, was  always  charged  with  hot  metal,  additions  of 
silicious  material  were  necessary  to  cover  the  bare 
bath. 

We  can,  like  in  basic  process  distinguish  between 
oxydizing  and  reducing  slags  the  former  being  the 
iron-manganese  silicate  slag,  has  great  similarity  with 
the  corresponding  slag  of  an  acid  open  hearth,  whereas 
the  latter  is  peculiar  to  the  acid  electric  furnace  only. 

Looking  at  the  composition  of  two  oxydizing  slags 


(heats  25  and  31)  we  note  that  on  account  of  a  greater 
basicity  of  the  slag  in  heat  25  a  greater  destruction 
of  the  hearth  will  and  actually  did  take  place.  It  is 
therefore  advisable  to  work  towards  a  more  silicious 
slag  of  lower  J\lnO  percentage  as  shown  in  heat  No. 
31.  After  removal  of  the  oxydizing  slag,  a  practice 
which  is  only  required  for  certain  grades  of  steel  the 
reducing  slag  mixture  consisting  of  75  per  cent  crushed 
silica  bricks  and  25  per  cent  burned  lime  is  thrown 
on  which  melts  quickly  without  any  addition  of  fluxes. 

As  seen  from  analyses  the  composition  of  the  acid 
slag  varies  considerably  and  is  subjected  to  great 
changes  during  the  ensuing  melting. 

Special  care  has  to  be  taken  in  the  regulation  of 
these  slags  in  order  to  obtain  the  proper  finishing  slag 
necessary  for  a  satisfactory  material. 

The  degree  of  heat  has,  according  to  Thallner,  a 
decisive  influence  upon  the  slag. 

With  the  low  temperature,  at  the  beginning  of  de- 
oxidation  we  obtain  mostly  dark  gray  or  more  or  less 
glassy  slags  on  account  of  high  iron  oxide  content. 
With  increasing  temperatures  however,  the  color  of 
the  slag  turns  lighter,  becomes  porous  and  finally 
liquid.  With  the  beginning  reduction  of  iron  oxides 
and  a  corresponding  increase  in  MnO  the  glassy  mass 
turns  into  a  light  gray.  According  to  various  per- 
centages of  MnO  we  obtain  green  slags  of  all  shades. 
With  a  higher  lime  content  for  instance  30  per  cent 
CaO,  5  per  cent  MnO,  54  per  cent  SiO,  and  4  per  cent 
FeO  the  slags  appear  gray  and  even  desintegrate  when 
exposed  to  air.  Those  that  contain  55  per  cent  SiOj, 
32  per  cent  CaO,  8  per  cent  MnO  and  2  per  cent  FeO 
are  of  a  blue  color  and  reveal,  when  fractured,  a  struc- 
ture similar  to  volcanic  lava.  These  various  inter- 
mediate slag  stages  can,  with  proper  addition  and  tem- 
perature regulation  be  converted  into  a  liquid,  greenish- 
yellow  finishing  slag,  under  which  the  refining  and 
settling  of  the  bath  is  to  be  carried  out. 

The  fact  that  on  the  one  hand  basic  constituents 
of  an  acid  slag  react  destructively  upon  the  lining  but 
that  on  the  other  hand  a  highly  solicious  slag  remains 
too  viscuous,  requires  a  certain  basicity  of  the  slag. 
While  oxydizing  acid  slags  show  a  ratio  of  1 :2  for 
the  oxygen  in  the  bases  to  the  oxygen  in  the  acid  con- 
stituents, we  may  have  as  high  a  ratio  as  1 :4  for  re- 
ducing conditions (  see  heat  39).  This  is  however  un- 
usual and  only  permissible  for  certain  grades  of  steel 
and  it  is  therefore  desirable  to  decrease  the  oxygen  in 
the  acid  resulting  in  a  lowering  of  its  melting  point. 
The  means  to  obtain  these  conditions  are  additions  of 
lime  and  magnesia. 

The  percentage  of  lime  is  best  kept  around  15 
per  cent,  as  20  per  cent  in  the  slag  acts  deteriorat- 
ing upon  the  lining.  An  increase  in  Magnesia  also  in- 
creases the  basicity  and  liquidity  of  the  slag.  MgO 
content  should  be  between  2  per  cent  and  5  per  cent. 
It  is  advisable  to  keep  the  magnesia  down  to  this 
percentage  and  to  regulate  the  basicity  of  slags  by 
means  of  MnO.  This  can  easily  be  done  by  addition 
of  crushed  Ferro-manganese  as  seen  in  heat  39.  A 
further  increase  of  MnO  above  10  to  15  per  cent  may 
result  in  throwing  back  of  manganese  into  the  bath 
through  reducing  agents  like  coke,  etc.  Such  was  the 
case  in  heats  29  and  39  where  the  addition  of  a  shovel 
of  petrol  coke  reduced  2.85  per  cent  and  2.11  per  cent 
MnO  in  a  very  short  time. 

The  presence  of  such  percentages  of  MnO  are  char- 
acteristic of  a  reducing  acid  electric  furnace  slag  in 
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comparison  to  basic  reducing  slags  in  which  the  MnO 
content  is  practically  nil.  Less  difficult  than  the  re- 
duction of  MnO  is  that  of  iron  oxide,  its  percentage 
being  much  lower  than  that  found  in  acid  open  hearth 
slags- and  forming  another  characteristic  of  an  acid  de- 
oxidizing practice.  The  iron  oxide  content  varies 
usualh'  between  7  and  2  per  cent  being  higher  at  the 
beginning  of  the  reducing  period  and  can  easily  be  de- 
creased through  addition  of  free  carbon. 

The  reduction  of  FeO  in  the  slag  is  partly  caused 
by  the  continuous  action  of  the  electrode  carbon  upon 
the  slag,  its  percentage  usually  coming  down  to  be- 
tween 3  or  4  per  cent. 

A  further  reduction  of  FeO  is  obtained  by  adding 
carbonaceous  material  such  as  coke  and  can  be  carried 
out  to  an  extent  practically  equal  to  that  of  a  final 
basic  slag  (see  final  slag  of  heat  39).  No  particular 
advantages  could  however  be  gained. 

When  comparing  these  final  slags  with  those  of 
the  acid  open  hearth,  in  which  the  SiO-,  remains  close 
to  50  per  cent  and  very  rarely  exceeds  55  per  cent  we 
note,  that  in  "acid  electric  furnace  melting"  the  SiO, 
is  generally  between  55  to  60  per  cent. 

Should  however  the  SiO,  increase  any  further  we 
obtain  slags  of  high  melting  point,  as  seen  in  heats  39 
with  66  per  cent.  SiO^  requiring  addition  of  fluxes  to 
thin  out  and  to  restore  their  capacity  for  reactions. 
It  is  therefore  best  to  regulate  the  slags  so  as  to  obtain 
a  ratio  of  basicity  of  1 :3. 

The  author  in  conclusion  favors  the  adoption  of  the 
acid  electric  furnace  process  in  preference  to  the  basic, 
in  such  steel  plants  where  hot  metal  of  reasonably  low 
percentage  in  S.  &  P.  is  available  and  where  the  final 
product  comes  within  specified  requirements  in  these 
elements.  During  a  long  run  in  this  particular  steel 
plant,  and  without  particular  care  in  the  selection  of 
open  hearth  charges,  the  average  phosphorous  content 
of  the  acid  electric  heats  was  .020  per  cent  and  the 
sulphur  showed  an  average  of  .035  per  cent. 

These  low  percentages  of  S.  &  P.  have  of  course 
no  harmful  effect  upon  the  physical  properties  of  the 
steel.  Of  greater  importance  upon  the  quality  of  the 
product  is  the  care  during  melting  and  finishing  of 
the  heats,  the  proper  slag  conditions  and  temperatures 
of  the  bath  which  exert  a  decisive  influence  upon  the 
micro  structure  of  the  steel.  The  temperature  during 
refining  has  according  to  Thallner,  a  marked  influence 
upon  the  crystalline  structure  and  hence  upon  the 
shaped  product. 

Proper  melting  and  refining  in  the  acid  furnace  is 
however  not  as  easy  as  may  perhaps  be  imagined,  re- 
quiring technical  ability  and  experience  as  well  as 
metallurgical  knowledge.  The  desirable  formation  of 
silicon  in  its  nascent  state  does  not  constitute  in  itself 
a  superiority  over  other  processes.  The  author  sum- 
marizes the  economical  advantages  ofiFered  by  this 
process  when  compared  with  the  basic  process  as  fol- 
lows : 

(1)  Less  current  consumption  due  to  shorter  melt- 
ing time.  The  duration  of  a  heat  is  shortened 
as  the  oxidizing  period  is  in  most  cases  elim- 
inated. The  deoxidizing  period,  being  con- 
tinuous and  intcnser  in  degree  than  in  the 
basic  process,  can  therefore  be  carried  through 
in  a  shorter  time. 

(2)  Saving  in  deoxidizers,  the  silicon  being  ob- 
tained from  lining  and  slag  as  outlined  before. 


(3)  Less  lining,  repair  and  maintenance  cost,  on 
account  of  the  lower  piice  of  the  acid  material 
when  compared  with  basic  refractories,  such 
as  magnesite,  etc. 

(4)  The  cost  for  furnace  additions  in  the  acid 
furnace  are  almost  nil,  as  the  final  slags  can, 
with  advantage  be  used  over  again. 

Resume. 

The  acid  electric  furnace  process  oflfers  economical 
as  well  as  metallurgical  advantages  to  such  steel  works 
which  have  at  their  disposal  a  metal  low  enough  in 
phosphorus  and  sulphur  to  come  within  given  specifi- 
cations. The  process  is  also  limited  by  the  silicon  re- 
actions resulting  in  a  silicon  content  unsuitable  for 
certain  grades  of  steel. 

Appendix. 

In  addition  to  the  article  by  the  above  writer,  I 
may  quote  O.  Thallner.  Stahl  und  Risen,  IQIO,  p.  1348, 
who  predicts  that  in  the  near  future  it  will  be  possible 
to  eliminate  sulphur  more  thoroughly  in  the  acid  elec- 
tric furnace. 

Eilender  in  Stahl  und  Eisen.  1913.  p.  585,  presents 
curves,  showing  a  much  lower  power  consumption  for 
the  acid  than  for  the  basic  electric  furnaces.  The 
greater  intensity  of  the  reactions  and  the  lower  heat 
conductivity  of  acid  refractories  is  given  in  explana- 
tion of  this  fact.  The  quality  of  the  steel  is  said  to  be 
mainly  dependent  upon  the  size  of  the  molecules  in 
the  molten  stage,  the  smaller  the  latter  the  better  the 
quality  of  the  steel.  Even  for  best  grades  higher  sul- 
phur and  phosphorous  limits  are  allowable. 


THE  FATIGUE  OF  METALS. 

Professor  H.  F.  Moore  addressed,  probably  one 
hundred  members  of  the  Pittsburgh  Chapter  of  the 
American  Society  for  Steel  Treating  on  the  evening 
of  December  6,  at  the  Hotel  Chatham,  on  the  subject 
of  his  recent  investigation,  "The  Fatigue  of  Metals." 
His  discussion  was  so  beautifully  clear  and  concise,  so 
nicely  interspersed  with  every  day  examples  of  the 
thought  he  wished  to  express,  that  we  cannot  do  other- 
wise than  imagine  that  his  ability  to  present  an  easily 
understood  story  to  his  audience  has  been  acquired  by 
much  experience  in  teaching. 

As  his  report  will  be  distributed  in  bulletin  form 
by  the  LTniversity  of  Illinois  in  the  near  future,  attempt 
to  set  forth  here  any  part  of  his  address  would  be  use- 
less other  than  to  say  that  he  found  in  the  tests  which 
they  have  made  that  the  Brinnell  hardness  might  be 
used  in  predictins"  the  approximate  value  of  the  en- 
durance limit.  The  other  physical  properties  appar- 
ently bear  no  relation  to  the  endurance  limit  with  the 
Dossible  exception  of  the  ultimate  strength.  Prof. 
Moore  does  not  attempt  to  explain  this  apparent  re- 
lationship or  lack  of  relationship.  We  admire  his 
frankness  in  admitting  inability  to  account  for  this 
proDortionalitv.  This  absolute  candidness  coupled 
with  his  lucid  explanation  of  the  tests  conducted  and 
his  discussion  of  the  results  obtained  combined  to  make 
the  evening  most  profitable. 

The  next  meeting  of  the  Pittsbursfh  Chapter  will 
be  addressed  by  Prof.  A.  E.  White  of  the  Universitv  of 
Michigan  and  past-president  of  the  American  Society 
for  Steel  Treating. 
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Open  Hearth  Furnace  Makes  a  Record 

McKune  System  Furnace  Installed   at  the   South   Works   of  the 
Illinois  Steel  Company  Shows  Remarkable  Speed  and  Efficiency. 


THE  AlcL'UNE  type  of  furnace  has  worked  a  radi- 
cal change  in  the  construction  and  operation  of 
Open  Hearth  Furnaces.  Remarkable  results  have 
been  obtained  in  increased  production  per  furnace  unit 
and  decreased  cost  of  operation  per  ton  of  product. 

In  making  a  comparison  between  the  construction 
and  operation  of  the  ordinary  Open  Hearth  Furnace  as 
compared  to  one  of  the  McKune  type,  we  find  that  in 
the  ordinary  construction  the  furnace  ports  are  neces- 
sarily built  of  large  area  to  provide  for  the  exhaust  of 
the  waste  gases  of  the  furnace.  Such  large  port  areas 
are  contrary  to  the  requirements  of  the  incoming  air 
and  fuel.  To  obtain  a  rapid  mixture  of  the  air  and 
fuel  and  therefore  the  best  combustion,  much  smaller 
areas  should  be  used.  Because  of  the  large  port  areas 
necessarily   used   in   the   furnace   construction   for  ex- 


ing  port  and  a  large  outgoing  port.  The  method  of 
operation  is  to  provide  a  high  velocity  to  the  incoming 
air  so  as  to  drive  it  into  quick  mixture  with  the  fuel 
in  order  to  obtain  a  rapid  combustion  similar  to  that 
of  the  blow-torch  flame,  and  a  flame  well  directed  onto 
the  materials  being  heated  and  melted,  and  to  exhaust 
the  waste  gases  at  a  low  velocity  through  the  outgoing 
port.  A  fan  is  used  to  force  the  air  supply  through  the 
restricted  port  area.  Mr.  McKune  perfected  this 
method  of  operation  in  the  winter  of  1919  and  1920, 
obtaining  a  large  increase  in  production  per  furnace 
with  a  corresponding  decrease  in  the  amount  of  fuel 
used  per  ton  of  product.  Because  the  flame  was  well- 
directed  to  the  furnace  charge  and  away  from  the  fur- 
nace walls  and  roof  and  on  account  of  the  low  velocity 
of  the  outgoing  gases,  the  life  of  the  furnace-  was  very 


Fig.   1 — Section  through  McKune  furnace. 


haust  purposes,  the  Open  Hearth  operator  in  the  past 
has  failed  to  realize  the  much  higher  efficiency  obtain- 
able through  a  more  rapid  mixture  of  the  air  and  fuel, 
coincident  with  the  use  of  small  port  areas. 

The  McKune  type  of  furnace  was  first  developed 
at  the  Steel  Company  of  Canada,  Limited,  by  Mr.  F. 
B.  McKune,  Open  Hearth  Superintendent.  At  this 
plant  a  by-product  coke  installation  was  put  into  oper- 
ation in  1919.  and  because  of  the  high  price  of  other 
fuels  it  was  highly  desirable  to  use  the  surplus  coke 
oven  gas  as  fuel  for  the  Open  Hearth.  \\'herever  coke 
oven  gas  had  previously  been  adopted  as  Open  Hearth 
fuel,  it  was  in  combination  with  liquid  fuel,  such  as 
oil  or  tar,  the  high  velocity  of  the  atomized  liquid 
fuel  being  used  to  control  the  very  light  coke  oven  gas. 
The  use  of  coke  oven  gas  alone  had,  after  numerous 
trials,  been  given  up  as  impractical.  At  the  Steel  Com- 
pany of  Canada  the  use  of  debenzolized  coke  oven  gas 
became  a  necessity,  which  resulted  in  the  conception 
and  development  of  the  McKune  type  of  furnace. 

The  governing  principle  of  the  McKune  construc- 
tion is  to  provide  the  means  of  having  a  small  incom- 


much  prolonged  and  the  cost  of  the  furnace  mainte- 
nance reduced.  These  results  soon  became  generally 
known  and  attracted  the  attention  and  interest  of  pro- 
gressive Open  Hearth  managements.  They  have  come 
to  realize  that  in  order  to  obtain  the  maximum  produc- 
tion and  economy,  the  Open  Hearth  port  construction 
and  operating  methods  of  the  past  must  give  waj'  to 
new  construction  and  operation. 

With  the  port  areas  controlled  by  the  damper  ar- 
rangement as  devised  and  developed  by  Mr.  McKune 
for  coke  oven  gas,  natural  gas  or  liquid  fuel  can  be 
equally  well  utilized  with  the  same  improvement  in 
production  and  economy  compared  to  past  practice. 
Inasmuch  as  the  greater  number  of  Open  Hearth  fur- 
naces are  operated  with  producer  gas  an  equivalent 
arrangement  was  necessary  to  be  developed  for  this 
fuel.  In  the  past  construction  of  Open  Hearth  fur- 
naces the  use  of  producer  gas  has  entailed  a  more  com- 
plicated port  construction  compared  to  that  necessary 
for  the  other  fuels  and  it  was  not  an  easy  matter  to 
develop  the  application  of  the  McKune  principle  for 
producer   gas   without   complicating  the   port  design. 
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However,  George  L.  Danforth,  Jr.,  and  his  associates 
have  developed  a  port  construction  and  controlling 
damper  arrangement  as  simple,  effective  and  durable 
as  for  the  other  fuels.  Furthermore,  with  this  adapta- 
tion any  fuel  can  be  used  equally  as  well  by  simply 
providing  an  ordinary  means  of  supplying  the  other 
kinds  of  fuel  to  the  port  used  for  the  introduction  of 
the  producer  gas.  ^Vhen  fuel  other  than  producer  gas 
is  being  used  with  this  arrangement,  the  gas  generators 
and  passageways  would  be  used  for  the  introduction 
of  approximately  one-half  of  the  air  supply. 

As  shown  by  Figure  1,  two  dampers  are  used  on 
each  end  of  the  furnace.  On  the  incoming  end  of  the 
furnace  the  two  dampers  are  lowered  into  the  port 
area  several  feet  in  front  of  the  gas  port  mouth,  pro- 
viding a  central  passageway  approximately  one-third 
of  the  total  throat  area.  This  small  area  makes  it  pos- 
sible to  obtain  a  comparatively  high  velocity  to  the 
air  which  drives  it  into  a  more  rapid  mixture  and  com- 
bustion of  the  fuel,  providing  a  much  shorter  and 
hotter  flame  than  it  is  possible  to  otherwise  obtain. 
The  dampers  on  the  incoming  end  are  counterbalanced 
by  means  of  sheaves  and  cables  with  those  of  the  out- 
going end  which  are  drawn  up  through  the  low  roof 
knuckle  into  a  brick  lined  box,  leaving  the  total  area 
of  the  throat  available  for  the  waste  gases  exhausted 
at  a  low  velocity.  This  provides  a  better  passageway 
for  the  outgoing  gases  than  provided  for  in  the  port 
of  an  ordinary  type  of  furnace,  as  there  is  no  block  for 
the  outgoing  gases  to  pass  over  and  make  a  hairpin 
turn  down  the  downtakes. 

The  low  knuckle  of  the  roof  coupled  with  the 
absence  of  any  port  block  keeps  the  waste  gases  travel- 
ing across  the  melting  chamber  at  a  lower  elevation, 
and  in  better  contact  with  the  bath.  With  this  arrange- 
ment, as  compared  to  that  of  an  ordinary  furnace  there 
is  obtained  a  material  improvement  both  to  the  in- 
coming and  outgoing  end  of  the  furnace,  resulting  in 
a  much  faster  and  more  efficient  transfer  of  heat  to 
the  materials  being  treated.  Because  of  the  compara- 
tively short  flame  with  its  better  direction,  the  life  of 
the  entire  furnace  brickwork  is  materially  prolonged. 

A  producer  gas  furnace  as  just  described  was  in- 
stalled at  the  South  Works  of  the  Illinois  Steel  Com- 
pany about  July  1,  1921.  After  a  few  days  of  opera- 
tion, required  for  properly  adjusting  the  air  supply  and 
other  operating  devices  of  the  new  arrangement,  the 
furnace  b^gan  to  show  remarkalile  speed  and  efficiency. 
The  heai  th  dimensions  of  this  furnace  are  as  follows : 

32  feet  long  by  13  feet  3  inches  wide,  giving 
a  hearth  area  of  424  square  feet,  equivalent  to 
that  of  an  ordinary  fifty-ton  furnace. 

There  was  produced  in  this  furnace  in  the  month 
of  August,  1921,  i05— 76.S-ton  heats  for  a  total  of  8,020 
gross  tons  with  400  pounds  of  coal  per  ton  of  ingots. 
In  a  later  period  of  thirty-one  days,  there  was  pro- 
duced 106 — 85.5-ton  heats'  for  a  total  of  9,053  tons, 
with  348  pounds  of  coal.  In  the  three-month  period, 
August  1st  to  November  1st.  the  furnace  was  operated 
85^2  days  and  made  268— 80.8-ton  heats  for  a  total  of 
21,670  tons,  with  413  pounds  of  coal.  A  straight  Open 
Hearth  charge  of  50.8  per  cent  hot  metal  43.8  per  cent 
scrap  and  5.4  per  cent  metals  from  ores  was  used. 
This  is  by  far  the  most  remarkable  performance  ever 
accomplished  on  an  Open  Hearth  furnace  and  the  ton- 
nage from  this  50-ton  hearth  is  believed  to  be  con- 
siderably more  than  was  ever  produced  on  much  larger 
furnaces  for  any  equivalent  period  of  time. 


Mention  has  been  made  of  the  comparatively  long 
life  of  the  furnace.  At  the  time  of  writing  this  article, 
the  furnace  is  still  in  operation,  having  produced  417 
heats  for  a  total  production  of  33,000  tons.  Experience 
with  this  furnace  has  shown  that  the  operation  in  the 
latter  part  of  the  furnace  life  will  be  more  equal  to 
that  of  the  first  part  than  is  true  with  the  past  con- 
struction, for  the  dampers  maintain  the  correct  area 
of  the  incoming  port  throughout  the  campaign  and  on 
account  of  the  comparatively  short  flame  and  the  low 
velocity  of  the  outgoing  waste  gases,  the  furnace 
checker  work  remains  much  freer  of  deposit  and  the 
furnace  draft  is  corrrespondingly  improved  over  that 
of  the  ordinary  type.  Although  having  produced  over 
33.000  tons  of  steel,  the  furnace  is  still  producing  ap- 
proximately 1350  tons  of  steel  per  week  which  is  be- 
yond the  possibilities  of  the  average  Open  Hearth  fur- 
nace even  when  new  and  at  its  best. 

The  following  table  conservatively  exhibits  the  rela- 
tive production  and  cost  of  operation  of  this  type  of 
furnace  compared  to  the  ordinary  type  : 

Ordinary  McKune 

Type.  Type. 

Representative   Hearth  Area.....        500  sq.ft.  500  sq.ft. 

Representative  Size  of   Heat....           80  tons  80  tons 

Ma.ximum  Production  per  Month     6.000  tons  9.000  tons 

Average  Production  per  Ysar...   48,500  tons  72.750  tons 

Excess  Production  per  Year      ....  24,250  tons 

Cost  of  Operation  per  Toni $4.50                        $         3,50 

Annual  Savings  at  $1.00  per  Ton  72.750.00 
Subtract    First   Cost    of    Equip- 
ment      12,000.00 

Net  Saving  First  Year 60,750.00 

The  excess  production  of  24,250  tons  per  year  would 
otherwise  have  to  be  iprovided  by  additional  in- 
stallation  at    an   approximate   cost   of   $200,000.00. 

It  can  be  readily  understood  that  in  addition  to  the 
large  savings  made  in  the  cost  of  operation,  the  large 
production  per  furnace  unit  provides  a  great  saving  in 
the  cost  of  installation  per  ton  of  product.  Steel  com- 
panies from  time  to  time  find  it  necessary  to  provide 
more  Open  Hearth  producing  capacity.  This  increase 
has  been  made  in  the  past  by  providing  more  furnace 
units  at  a  capital  expenditure  ranging  from  $7.00  to 
$10.00  per  ton  of  annual  capacity.  A  large  increase  in 
capacity  can  now  be  met  by  reconstructing  the  present 
furnaces  to  the  McKune  type,  at  a  very  nominal  cost. 

Open  Hearth  operators  realize  that  with  the  holtct, 
faster-working  furnace  and  the  better  control  of  the 
flame,  a  higher  grade  of  steel  is  produced.  The  steel 
made  during  the  record  performance  of  the  aforesaid 
furnace  was  applied  to  high  grade  orders  such  as  seam- 
less tube  rounds,  fire-box  plate,  and  the  general  run 
of  mill  orders.  A  great  many  visiting  Open  Hearth 
men  interested  in  the  operation  of  this  type  of  furnace 
were  present  during  some  part  of  the  time  in  which 
the  records  given  above  were  made,  and  were  naturally 
interested  in  seeing  the  finished  production  of  the  steel 
from  this  furnace.  They  stated  without  exception  that 
it  was  above  the  general  run  of  Open  Hearth  product. 

The  governing  princi])les  employed  in  the  McKune 
fiu-nace  and  the  several  specific  arrangements  for  util- 
izing these  principles,  are  fully  protected  by  patents 
either  issued  or  pending.  These  patents  are  owned  by 
the  Miami  Metals  Company,  of  Chicago,  Illinois,  The 
Blaw-Knox  Company,  of  Pittsburgh,  Pa.,  have  been 
made  their  sales  agents  for  McKune  furnace  installa- 
tions. 
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Graphical  Treatment  of  Stack  Gas  Analysis 

and  Fuel  Gas  Analysis 

Charts  Calculated  for  Stack  Gas  Analysis  for  Producer  Gas,  Nat- 
ural Gas,  By-Product  Tar,  Coke  Oven  Gas,  and  for  Coal — Wa. 
Ostwald  Introduced  These  Graphic  Charts. 

By  W.  TRINKS 


TO  ANYONE  bvit  a  chemist,  there  seems  to  be  a 
more  or  less  deep  mystery  connected  with  a  stack 
gas  analysis  or  with  a  producer  gas  analysis.    The 
mystery  deepens,  if  calculations  are  required  for  check- 
ing an  analysis  for  accuracy  or  for  finding  excess  or 
deficiency  of  air. 

These  conditions,  which  seem  to  be  the  same  the 
world  over,  prompted  Wa.  Ostwald,  the  well  known 
German  chemist,  to  devise  methods  for  graphicall}' 
representing  the  relations  between  the  various  factors 
of  the  products  of  combustion  of  hydrocarbons.  The 
results  of  his  efforts  are  laid  down  in  a  little  book 
called  "Beitrage  zur  graphischen  Feuerungstechnik" 
(Notes  on  graphical  Combustion  Engineering)  which 
was  published  by  Otto  Spamcr,  Leipzig,  in  1920.*  In 
this  work,  Ostwald  spreads  himself  from  flue  gas  an- 
alysis to  a  graphical  theory  of  the  gasification  in  the 
gas  producer,  and  even  gives  a  graphical  system  of  all 
hydrocarbons. 

The  book  has  been  very  fruitful.  The  ideas  of 
Ostwald  were  taken  up  by  others  and  were  amplified 
and  enlarged  upon  in  articles  which  have  appeared  in 
the  "Zeitschrift  des  Vereins  Deutscher  Ingenieure," 
"Stahl   und    Eisen,"   and   in    "Feuerungstechnik." 

As  far  as  the  author  knows,  Ostwald's  efforts  are 
not  well  known  in  English  speaking  countries.  For 
that  reason,  the  most  important  phases  of  the  work 
are  given  in  the  present  contribution. 

(1)     Flue  Gas  or  Stack  Gas  Analysis. 

This  part  of  the  article  follows,  in  the  main,  the 
derivations  given  by  Mr.  Seufert  in  the  Z.  d.  V.  D.  I. 
1920,  page  505. 

The  purpose  of  any  flue  gas  analysis  is  to  show  a) 
the  carbon-dioxide  fCOo)  content,  b)  the  oxygen  (0„) 
content,  c)  the  carbon-monoxide  (CO)  content,  and 
d)  the  excess  or  deficiency  of  air.  The  use  of  the  term 
"excess  air"  leads  to  cumbersome  equations.  For  that 
reason.  Ostwald  prefers  the  air  ratio  n,  which  equals 
the  ratio  of  the  theoretical  volume  of  air  to  the  volume 
of  air  actually  used. 

If  the  composition  of  the  fuel  is  known,  any  two 
of  the  four  values  a),  b),  c)  or  d)  determine  the  other 
two.  All  four  quantities  can  be  shown  in  a  triangle 
by  the  use  of  two  superimposed  systems  of  coordinates, 
or  they  can  be  represented  in  an  alignment  chart.  Only 
the  triangle  method  will  be  given  in  this  article.  The 
facts  underlying  the  calculations  for  the  construction 
of  the  triangle  will  now  be  given. 


*This  book  may  be  obtained   from   G    E.   Stechert   &  Co., 
151  West  25t.h  St.,  New  York  City. 


I.     Method  for  Solid  and  Liquid  Fuels. 

The  calculations  are  simplified  by  considering  car- 
bon to  be  in  the  gaseous  state,  and  computing  its 
specific  volume  from  the  relation :  Molecular  weight 
X  specific  volume  =  a  constant,  which  is  called  the 
volume  of  one  mol.  Molecular  weight  of  air  =  29 ; 
specific  volume  of  air  at  32  deg.  F.  and  30"  barometer 
=  12.4;  29  X  12.4  =  360;  molecular  weight  of  carbon 
=:  2  X  12  =  24;  equivalent  specific  volume  of  carbon 

360         , ,       ,  .    , 
=  =^  15  cubic  feet  per  pound. 

24 

Let  one  pound  of  fuel  contain  c^  pounds  of  carbon 
(C),  h,'  pounds  of  hydrogen  (H),  qi  pounds  of  oxygen 
(O).  Then  it  contains  hj  =  (h/  —  qi/8)  pounds  of 
available  hydrogen.  (Of  the  total  hydrogen,  a  part  is 
considered  as  combined  with  8  times  its  own  weight 
of  oxygen,  already  present  in  the  fuel — hence  it  does 
not  require  any  oxygen  from  the  air  to  burn  it.)  Sul- 
phur and  nitrogen  in  the  fuel  have  no  effect  upon  the 
gas  analysis,  and  are,  therefore,  neglected. 

a)  Reactions  for  complete  combustion  without 
formation  of  carbon  monoxide   (CO). 

Water  vapor  is  not  considered,  because  it  disappears 
in  the  dry  stack  gas  analysis.  It  should  be  kept  in 
mind  that  the  stack  gas  analysis  is  a  volume  analysis, 
whereas  the  analysis  of  solid  and  liquid  fuels  is  a 
weight  analysis ;  also  that  the  volumes  calculated  are 
equivalent  volumes,  which  the  gases  would  have  at 
32  deg.  F.  and  30"  barometer,  if  they  Were  perfect 
gases  following  the  law:  absolute  pressure  X  volume 
=  constant  X  absolute  temperature.  As  water  vapor, 
the  only  product  of  combustion  which  departs  far 
from  this  law,  disappears  in  the  analysis,  this  pro- 
cedure is  correct. 

1)  C„  -}-  20,  =  2  CO,,  which  means  that 

1  (equivalent)  cu.  ft.  Cj  requires  2  cu.  ft.  O.,  and 
produces  2  cu.  ft.  CO,. 

1  pound  of  C„  requires  2X15  cu.  ft.  O,,  and  pro- 
duces 2  X  "15  cu.  ft.  CO2. 

Cj  pounds  C,  require  30ci  cu.  ft.  O,,  and  produce 
30c,  cu.  ft  CO,. 

2)  2  H,  +  O,  =  2  H,0,  which  means  that 
1  cu.  ft.  H„  requires  .5  cu.  ft.  O,. 

1  pound  H,  requires  .5  X  178.  cu.  ft.  O,. 
h,  pounds  Hn  require  89  h,  cu.  ft.  O,. 
Hence,   theoretical   volume   of   O,  for   1    pound   of 
fuel  =  On„n  =  (30  c,  -I-  89  h,)  cu.  ft.    Actual  volume 
of  oxygen,  O^,  when  the  air  ratio  is  n,  (from  O^in  :  Oa 

=  n  :  1  ),  is  Oa  =  —  Omiu-    But  each  volume  of  oxygen 
n 
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from  the  air  carries  with  it  —  volumes  of  nitrogen ; 

21 
hence  stack  gas  volume  for  1  pound  of  fuel  is : 

CO2  =30  Ci  ^  k  per  cent  of  stack  gas  volume 

79    1 

21    n 

+  excess  O,  =  —  Omin  =  q  per  cent  of  stack  gas 
n 
volume. 

Water  vapor  does  not  appear  in  the  analysis. 

From  the  above  follows : 
CO.,  content  ^  k  = 

30  Ci  X  100 

79         I  i  ' 

30    Ci    H X    —    X     Onnn    H 0„„„    —    On„n 

21         n  n 

3000  Ci 
=  476  ■ 

30  C,    +    0:„n    ( 1) 


Oo  content  =  q 


Omln    (- 


1)   100 


30  c,  +  0„,„  (- 


,4.76 


1) 


These  values,  calculated  for  various  values  of  n, 
furnish  the  corresponding  points  of  the  straight  line 
CB  in  Fig.  1.  Points  on  this  line  represent  complete 
combustion — carbon  burned  to  CO^,  hydrogen  burned 

to  H2O. 

b)  Incomplete  combustion  of  carbon,  without  for- 
mation of  any  COo,  but  with  complete  com- 
bustion of  hydrogen. 

*  *     *     C,  +  O2  =  2  CO,  which  means  that 
1    (equivalent)  cu.  ft.  C,  requires  1  cu.  ft.  On,  and 

produces  2  cu.  ft.  CO. 
1   pound  Co  requires   15  cu.  ft.  Oo,  and  produces 

2  X  15  cu.  ft.  CO. 
c,  pounds  C„  require  15  c^  cu.  ft.  0„,  and  "  30  Cj 

cu.  ft.  CO'. 

*  *     *     Combustion  of  hvdrogen  is  the  same  as 
in  (a  2). 
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The  theoretical  volume  of  oxygen  for  incomplete 
combustion  of  one  pound  of  fuel  is  O'^m  =   15  c,  + 

89  hj,  and  actual  oxygen   volume  0„  =  —  Omin,  as 

n 
before.     The  stack  gas  volume  for  one  pound  of  fuel 
then  is   [CO  =  30  Cj  =  p  per  cent  of  drv  stack  gas 

79    1  '  1 

volume]  +  [N,  = On,,,,]  +  [O.,  =  —  0,„u  — 

21    n  n 

O'min  =  q  per  cent  of  gas  vohuncj. 
CO  content  =  p  = 

30  Ci  X  100 


/y  1  1 

30   C,    H On,|n    H Omio 

21    n  n 

3000  Ci 


O' 


4.76 
30  c,  -\ 0,„i„ 


O  niin 


Calculation  of  q  with  the  before-used  values  of  n 
furnishes  the  points  on  the  axis  of  abscissae  .-\B,  Fig. 
1 ;  (no  CO.,  all  carbon  burned  to  CO).  Those  points 
of  .\]i  and  of  CD  which  belong  to  equal  values  of 
n  furnish  the  lines  of  equal  air  ratios.  The  CO  di- 
vision is  preferably  marked  on  the  line  DE,  which  is 
drawn  i)cri)endicular  to  CB,  passing  through  that  O, 
point  of  line  AB,  for  which  n  ^  1. 

A  numerical  example  will  make  the  method  clearer. 
Let  the  fuel  be  Pittsburgh  coal  of  the  analysis: 

Total  carbon    76.25  per  cent 

Oxygen   6.53  per  cent 

Hydrogen   4.95  per  cent 

(a)  Complete  combustion — calculation  for  points 
on  line  CB. 


O,  content 


(—  0„.,„  —  0'„,„)   X   100 
n 

30    C,    -|-    Omln   O  niln 


COo  content  =  k  = 
3000  Ci 


4.76 

30  c,  +  0„u  ( 1) 

n 


from  above. 


c,  =  .7625. 
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100  n 
=  5.52  —  .16  n 


O,  content  ^  q  = 


On, In    (- 


1)  X  100 


30   C,    +    On,ic    (—  —    1) 

n 


26.55  (- 


1 


-)  X  100 


30  X  .7625  +  25.55  {^^ ^) 


100  (1  —  n) 


100  (1 


n) 


.861  n  +  (4.76  —  n)         4.76  —  .139  n 
From  these  equations  are  calculated  the  CO„  and 
oxygen  content  for  various  values  of  n,  as  shown  in 
Table  I. 


TABLE   I. 


n  = 

1.0 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

.160  n  = 

.16 

.144 

.128 

.112 

.096 

.080 

.064 

.048 

.032 

.016 

0 

.176 

.192 

.208 

.224 

.240 

.256 

(5.52  —   .160  n  )  = 

5.36 

5.376 

5.392 

5.408 

5.424 

6.440 

5.456 

5.472 

5.4S8 

5.504 

5.52 

5.344 

5.328 

5.312 

5.296 

5.2S0 

5.264 

co= 

content   - 

100  n 

I8.e6 

16.77 

14.87 

12.93 

11J07 

9.20 

7.34 

5.48 

3.64 

1.81 

0 

20.tM 

22.53 

24.45 

26.45 

28.40 

30  40 

(5.52  — .160  n) 

.139  n  = 

.139 

.1251 

.1112 

.0973 

.0834 

.0695 

X)556 

.0417 

.0278 

.0139 

0 

.153 

.167 

.181 

,195 

.208 

.222 

(4.76  —   .139  n)  — 

4.621 

4.635 

4.649 

4.603 

4.677 

4.091 

4.704 

4.718 

4.732 

4,740 

4.760 

4.607 

4.593 

4.579 

4.565 

4.552 

4.538 

(1  —  n)  = 

0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

-.1 

-.2 

-.3 

-.4 

-.5 

-.6 

o= 

content  - 

100  (1  —  n) 

(4.76  — .139  n) 

0 

2.16 

4.30 

6.47 

S.-IS 

10.68 

12.76 

14.83 

16.91 

18.99 

31.00 

-2.17 

^.35 

-6.55 

-8.75 

-11.00 

-13.23 
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Each  point  determined  by  the  values  of  k  and  of  q 
for  a  given  value  of  n,  must  be  on  the  straight  line  CB, 
which  IS  drawn  connectmg  the  point  k^ax  =  18.66  with 
point  qmax  =^  21.0.  This  is  a  test  of  the  correctness 
of  the  calculations.  The  line  CB  is  extended  to  the 
left,  and  the  points  laid  off  on  it  for  n  greater  than 
1  are  used  for  drawing  the  air  factor  lines  for  these 
values  of  n. 

The  part  of  the  diagram  to  the  left  of  line  AC  con- 
sists of  construction  lines  only.  The  held  enclosed  in 
the  triangle  ACB  includes  all  possible  stack  gas  an- 
alyses, provided  that  all  hydiogen  has  been  burned  to 
HoO — which  means  most  jjractical  cases. 


q  = 


b)     Incomplete    combustion- 
abscissas  AB : 

CO  content  ^  p  =: 

3000  Ci 


points    on    axis    of 


4.76 

30    Cj     -\-    Ojnin    O  mnl 

n 
Oniin  =  26.55  as  above.    O'^m  =  15  c^  -|-  89  hi 

=  15  X  .7625  +  89  (.0495  —  '^^j 

8 
=   15.113  cu.  ft.  O2  per  pound  of  coal. 

3000  X  .7625 
P  = 


4.76 


30  X  .7625  +  - —  X  26.55  —  15.113 
n 

100  n 


5.52  +  .339  n 


On  content  ^  q  ^ 

(—  0„in  —  0'„„„)   X   100 
n 


4.76 

30    Ci    -|-    Omin   O'mln 

n 

(—  X  26.55  —  15.113)  X  100 
n 

30  X  .7625  +  ^  X  26.55  —  15.113 
n 


.570)   X   100 


4.76 


100  (1.757  —  n) 
8.36  -t-  .511  n 


.291 


Points  obtained  from  these  equations  are  shown  in 
Table  II. 

The  points  for  O^  content  are  located  on  the  line 
AB.  Through  these  and  their  corresponding  points 
for  the  same  air  factor  n  on  line  CB  (calculated  in  a), 
are  drawn  the  straight  lines  representing  constant  air 
factors.  Line  CD,  with  n  =  1,  divides  the  field  of  ex- 
cess air  conditions  (to  the  right  of  CD)  from  the  field 
of  air  deficiency  conditions  (to  the  left  to  CD).  Con- 
stant CO  lines  are  parallel  to  CB  and  are  equally 
spaced.  Length  DE  represents  17.05  per  cent  CO,  as 
shown  in  Table  II  for  n  =^  1. 

Examples  following  will  show  the  method  of  using 
the  chart:. 

Point     I.    Stack  gas  analysis  showed  CO2  =  13.0  per 
cent,  0„  =  6.3  per  cent. 
From   Fig.   1,  CO   =  0  (complete  combus- 
tion), n  =  .70;  —  =:  1.43,  or  43  per  cent 

n 
excess  air. 

Point  II.    CO2  =  13.0  per  cent,  Oo  =  1.0  per  cent. 

From  Fig.  1,  CO  =  7.2  per  cent ;  n  =  1.125 ; 

—  =;  .89,  or  11  per  cent  deficiency  of  air. 
n 

Point  III.  COo  =  13.0  per  cent,  0„  =  5.0  per  cent. 

From  Fig.  1,  CO  =  1.8  per  cent;  n  =  .80; 

—  =  1.25,  or  25  per  cent  excess  air. 
n 

In  spite  of  this  excess  air,  combustion  is  incomplete. 

This  may  be  caused  by  imperfect  mixture  of  air 
with  the  gases  rising  from  the  coal,  or  by  chilling  of 
the  gases. 

A  chart  for  coal  tar,  calculated  in  a  similar  manner, 
is  shown  in  Fig.  2. 

The  only  case  in  which  the  chart  for  coal,  in  Fig.  1, 
will  not  give  correct  results,  is  that  in  which  there  is 
deficiency  of  air  and  the  temperature  is  not  high  enough 
to  cause  complete  combustion  of  the  hydrocarbons. 
For  instance,  in  sheet  heating  furnaces  using  bitumin- 
ous coal  on  the  grate,  where  it  is  necessary  to  have 
in  the  furnace  a  flame  containing  hydrocarbons,  the 
latter  may  break  up.  and  produce  soot  (free  carbon), 
or  they  may  pass  out  unchanged.    In  either  event,  the 


TABLE    II. 


n 

-_ 

1.0 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.1 

0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

5.52 
n 

= 

5.520 

6.130 

6.900 

7.800 

9.200 

ll.WO 

13.800 

18.400 

27.600 

55.200 

5.015 

4.600 

4.2.50 

3.945 

3.080 

3.453 

.339  4-  5.52 
(           ^ ) 

D 

^ 

5.859 

6M0 

7.239 

8.229 

9.539 

11.379 

14.139 

18.739 

27J939 

55.539 

5.3.>4 

4.939 

4.589 

4.284 

4.019 

3.792 

(30=  content  ^  P  = 

100 

= 

17.06 

15.47 

13.82 

12.1(1 

10.19 

8.79 

7.07 

5.33 

3.5S 

1..80 

0 

18.70 

20.27 

21.82 

23.35 

24.87 

26  40 

(..339  -1-  5.52/ u) 

.5U  n 

.511 

.460 

.409 

.358 

.307 

.256 

.205 

.153 

ao2 

.051 

0 

.562 

.614 

.665 

.716 

.766 

.818 

(8.3C  _|_  .511  n) 

— 

8.871 

8.820 

8.769 

8.718 

8.667 

8.616 

8.565 

8.5a3 

8.462 

8.411 

8.36 

8.922 

S.974 

9.025    9.076 

9.126 

9.178 

(1.757  —  n) 

=: 

.757 

.857 

.957 

1.057 

1.157 

1.257 

1.357 

1.457 

1.557 

1.657 

1.757 

.657 

.557 

.457 

.357 

.257 

.157 

O2  content  =:  q  =: 

100  (1.757  —  n) 

= 

8  5t 

9.72 

10.91 

1 

12.11 

13.34 

14.58 

15.82 

17.10 

1S..3S 

19.70 

31.00 

7.36 

6.21 

5.07 

3.94 

2.82 

1.71 

8.36  -^-  .511  n 
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flue  gas  analysis  would  not  check  with  the  chart. 

II.     Method  for  Gaseous  Fuels.    (Fig.  3.) 

Let  one  cubic  foot  of  fuel  gas  contain  h^  cu.  ft.  of 
Hj,  Pi  cu.  ft.  of  CO,  Ni  cu  ft.  of  Nitrogen,  Vj  cu  ft. 
of  CH4,  ki  cu.  ft.  of  COo,  qi  cu.  ft.  of  O,,  r^  cu.  ft.  of 
CoH^,  Si  cu.  ft.  of  CoH,.  Let  one  cu.  ft.  of  dry  flue  gas 
contain  k  per  cent  COo,  p  per  cent  CO,  q  per  cent  O2. 

(a)  Complete  combustion,  without  formation  of 
CO  —  line  CB,  Fig.  2. 

1)  2  Hj  +  O,  =  2  H.O  ;  1  cu.  ft.  H„  requires  0.5  cu.  ft. 
O,.     HoO  disappears. 

2)  2  CO  +  O,  =  2  CO.;  1  cu.  ft.  CO  requires  0.5  cu. 
ft.  Oo  and  produces  1  cu.  ft.  COo. 

3)  CH,  -r  2  O,  =  CO,  +  2  H.O;  1  cu.  ft.  CH^  re- 
quires 2  cu.  ft.  O2  and  produces  1  cu.  ft.  CO,- 

4)  CO2  passes  into  the  flue  gas  without  change.  1 
cu.  ft.  CO2  produces  1  cu.  ft.  CO.. 

5)  C.H,  +  3  0„  =  2  CO2  +  2  H2O ;  1  cu.  ft.  C^H, 
requires  3  cu.  ft.  O,  and  produces  2  cu.  ft.  of  CO,. 

6)  2  C2H2  +  5  O2  =  4  CO2  +  2  H2O;  1  cu.  ft. 
C2H2  requires  2^/2  cu.  ft.  O.  and  produces  2  cu. 
ft.  CO2. 

Theoretical  oxygen  volume  for  1  cu.  ft.  of  fuel  gas 

=  0„,in  =  -Shi  4-  .5pi  +  2.  \\  +  3.  Tj  +  2.5  s^  —  q^. 

Actual  oxygen  volume  for  1  cu.  ft.  of  stack  gas  = 

Oa  =  Omln- 

n 
Dry  stack  gas  volume  from  1  cu.  ft.  of  fuel  gas  = 
[CO,  =  Pi  +  Vi  +  kj  -|-  2  Tj  -|"  2  Si  =  A  =  k  per  cent 
of  stack  gas  volume] 

+     [N     =    N,    +    —    -i    0„„„]     +     [O2    =    —    0„un    — 

21     n  n 

Omln  ^  q  per  cent  of  stack  gas  volume.] 

Solving  for  CO,  content  =  k  = 

____/_ 100  A 

79~T  i  '       ■ 

A  +  N,  H 0„,i„  H 0„uu  —  0„,o 

21    n  n 

100  A 


=  4.76 

A   +   N,   +    ( 1)    0„,n 

n 
O2  content  ^  q  ^ 

100  o.„o  (—  -  1) 

n 

476  ' 

A  +  N,  +  0„un  (— -  1) 
n 

.As  before,  different  values  of  n  furnish  correspond- 
ing points  on  line  CB  (this  time  in  Fig.  3). 

(b)  Incomplete  combustion  without  formation  of 
CO2,  but  with  complete  combustion  of  hydrogen, — 
points  on  the  straight  line  BF.  All  carbon  burned  to 
CO. 

1)  2  H„  +  O2  =  2  H2O ;  1  cu.  ft.  H,  requires  0.5  cu. 
ft.  O2 ;  water  vapor  disappears. 

2)  CO  remains  unchanged ;  1  cu.  ft.  CO  in  fuel  pro- 
duces 1  cu.  ft.  of  CO  in  the  stack  gas. 


3)  2  CH,  +  3  O2  =  2  CO  -1-  4  H^O;  1  cu.  ft.  CH, 
requires  1.5  cu.  ft.  O,  and  produces  1  cu.  ft.  CO. 

4)  CO2  remains  unchanged ;  1  cu.  ft.  of  COo  in  fuel 
produces  1  cu.  ft.  COo  in  stack  gas. 

5)  CjH,  +  2  Oo  =  2  CO  +  2  H,0 ;  1  cu.  ft.  Coll, 
requires  2  cu.  ft.  Oo  and  produces  2  cu.  ft.  CO. 

6)  2  CoHo  +  3  Oo  =  4  CO  +  2  H2O ;  1  cu.  ft.  C0H2 
requires  1.5  cu.  ft.  Oo  and  produces  1  cu.  ft.  CO. 

From   these  equations  follows  the   theoretical   air 
volume  for  1  cu.  ft.  of  fuel : 

O'niin  =  .5  hj  -f  1.5  Vi  +  2  i\  +  1.5  s,  —  qi. 
.\ctual  oxygen  volume  for  1  cu.  ft.  of  fuel  gas  with  the 

same  air  volume  as  under  (a)  =  Oa  ^  —  Omin-     Dry 

n 

stack  gas  volume  resulting  from  1  cu.  ft.  of  fuel  = 
[CO2  =  k,  ^  k  per  cent  of  stack  gas  volume]  -|-  [CO 
=  Pi  +  Vj  -]-  2  rj  -f-  2  Sj  :=  B  =  p  per  cent  of  stack 

79    1  1 

gas  volume]  +  [N  =  N,  -\ 0„„„]  -{-  [Oo  =  — 

21    n  n 

Omin  —  O'min  =  q  pcr  ccut  of  stack  gas  volume]. 

P'rom  this  follows : 
COo  content  ^  k  = 
_" 100  ki 

79~T  I 

k,  +  B  +  Ni  H 0„„n  H 0„,„  —  0'„,„ 

21    n  n 

100  k'l 


k,   -f   B   -h   N,  -f  i:^  On,,,.  —  0'n„n 

n 


CO  content  =  p  = 


100  B 


k,  +  B  +  N,  + 


4.76 


^min  ^  min 


O2  content  =  q  = 

(—  0„,n—  0'n„u)    X    100 

n 


k,  +  B  +  N, 


4.76 


On 


O' 


These  equations  give  points  on  the  straight  line 
BF.  The  lines  of  constant  air  ratios  are  those  joining 
points  on  CB  with  corresponding  points  on  BF,  cal- 
culated for  the  same  value  of  n. 

It  is  advisable  to  place  the  CO  divisions  on  the  line 
DE,  which  is  drawn  perpendicular  to  CB  and  passes 
through  intersection  D  of  line  BF  with  the  air  ratio 
line  for  n  =  1. 

A  numerical  example  will  be  given  for  coke  oven 
gas,  of  the  following  composition  (percentages  by 
volume)  : 


Hydrogen 

H2 

47.6% 

h, 

Carbon  monoxide 

CO 

1.9% 

Pi 

Nitrogen 

N 

13.4% 

N, 

Methane 

CH, 

32.3% 

V, 

Carbon  dioxide 

COo 

1.6% 

k, 

Oxvgcn 

O2 

0.5% 

qi 

h'thvlene 

CoH, 

2.1% 

r, 

Hydrogen  sulphide 

HoS 

0.6% 

100.0% 
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(a)     Complete  combustion, — calculation  for  points 
on  line  CB. 

CO.,  content  r=  k  ;= 

100  A 


A  +  N,  +    (^^  —  1)   On,., 


A  =  p,  +  V,  +  k,  +  2  r,  +  2  s,  =  .019  +  .52i  + 
.016  +  .042  +  0  =  .400 

Oniia  =  .5  hi  +  .5  pi  +  2  Vi  +  3  ij  -f-  2.5  s^  —  q^ 

=  .5  X  .476  +  .5  X  .019  +  2  X  323  +  3  X  .021  + 
2.5  X  0  —  .005 

=  .951  cu.  ft.  oxygen  per  cu.  ft|  of  fuel.    N^  =  .134 

100  X  .400 

k  = 


.400  +  .134  +  ( 


4./0 


1)  X  .951 


n 
100 


1  +  .335  +  { 


100 


4./0 


""  =  1.335  +  ii::^ 


Ox\-gen  content  =  q 


Ij   X  2.375 

100  n 


2.375 


11.300 


1.U4  n 


100   O^nin    I 


1 


1) 


A  +  N,  X  0^,n  ( 


100  X  .951  (.- 


4.76 


1) 


.400  +  .134  +  951  i-^ —) 


.562 


100  (  "  -  S 

n 

„            4.76^ 

n 

=     100  (n  —  1) 


) 


4.76  —  .438  n 


From  these  equations  are  calculated  the  CO,  and 
oxygen  content  for  various  values  of  n,  as  shown  in 


before,  the  line  CB  is  extended  to  the  left  of  C,  to 
furnish  air  ratio  lines  for  n  greater  than  1.  All  pos- 
sible stack  gas  analyses  for  this  fuel  are  represented 
by  the  field  enclosed  in  the  triangle  BCF,  provided  no 
hydrogen  remains  unburned. 

(b)     Incomplete  combustion, — Points  on  line  BF. 

CO  content  =  p  = 

100  B 


k,  +  B  +  Ni  + 


4.76 


*^min  ^  mln 


B  =  pi  +  V,  +  2  r,  +  2  s,  =  .019  +  .323  +  2  X  .021 
+  2X0  =  .384 

ki  =  .016    Ni  =  .134      0^,„  =;  .951  (same  as  "a") 

0'„,in  =  .5  hi  +  1.5  Vi  +  2  rj  —  1.5  s^  —  q,  =  .5  X 
.476  +  1.5  X  -i^i  +  2  X  .021  _  1.5  X  0  —  .005 
=  .759  cu.  ft.  Oo  per  cu.  ft.  fuel  gas. 

CO  content  =:  p  ^ 

100  X  .384 


.016  +  .384  +  .134  + 


4.76 


X   .951  —  .759 


100  X  .384 


=    4.76  X  .951 


—  .225 


100  n 


11.80 


.585  n 


O2  content  =  q  ^ 
1 


(—   On,u  —   0'„,i„)    X    100 

n 


ki  +  B  +  Ni  + 
.951 


4.76 


'^mln  ^  min 


(- 


n 

.759  n 


-)   X  100 


4.76  X  .951 


.225 


=     100  (1  —  .798  n) 


table  III. 

(4.76  - 

-  .237  n) 

TABLE    in. 

n  z= 

1.0 

.9 

.8 

.7 

.0 

.5 

.4 

.3 

2 

.1 

0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.01  n  = 

1.040 

.930 

.832 

.728 

.624 

.520 

.416 

.312 

.208 

.104 

0 

1.144 

1.248 

1.352 

1.456 

1.560 

1.662 

(11.305  —  1.04  n)   = 

10.2a5 

10..3(K) 

10.407 

10.577 

10.681 

10.785 

10.889 

10.993 

11.097 

11.201 

11.305 

10.161 

10.057 

9.943 

9.849 

9.745 

9.643 

CO2  content  = 

100  n 

9.74 

8.69      7.65 

6.61 

5.62 

4.64 

3.67 

2.75 

1.80 

.89 

0 

10.83 

11.94 

13.09 

14.20 

15.40 

16.60 

^  (11.305  —  1.04  u) 

.438  n  = 

.43^ 

.3&-1 

1 
.350      .306 

.263 

.219 

.175 

.131 

.088 

.044 

0 

.4.S2 

.526 

.570 

.614 

.657 

.701 

(4.76  —  .438  D)   = 

4.322 

4.36G 

4.4101  4.454 

4.497 

4.541 

4.585 

4.029 

4.672 

4.716 

4.760 

4.278 

4.234 

4.190 

4.146 

4.103    4.059 

(n  —  1)   = 

0 

.1 

2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

-.1        -.2 

-.3 

-.4 

-.5 

-.6 

Q^   rnntont    ^ 

100  (n  —  1) 
(4-76  — .4.S8  111 

0 

2.2n 

4..W 

6.73 

8.00 

11.02 

13.10 

l.j.12 

17.13 

19.10      21.0 

1 

I 
-2  341   -t.72 

-7.16|  -9.65 

-12.191-14.77 
1 

As  before,  each  point  determined  by  the  values  of  CO,  content  =  k  = 
k  and  q  corresponding  to  a  given  value  of  n,  must  lie  100  k^ 

on  the  straight  line  CB  ,in  Fig.  3,  drawn  connecting  4  7g 

the  point  k™.  =  9.74  with  point  q™ax  =  21.0.     This  k^  +  B  +  N,  H '—  0„„n 

is  a   test  of  the   correctness  of  the   calculations.     As  n 
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100  X  .016 


4.76  X   .951 


100  n 


.255 


282.5  —  14.06  n 


and  their  corresponding  points  on  CB  (or  equal  values 
of  n,  are  drawn  tlie  .straight  lines  representing  con- 
stant air  ratios.  The  CO  divisions  are  marked  off  on 
line  DE,  drawn  perpendicular  to  CB,  and  passing 
through  that  Oo  point  of  line  BF  for  which  n  ^  1. 
Length  DE  then  represents  8.90  per  cent  CO,  as  shown 
in  Table  IV  for  the  value  n  =  1. 


TABLE   IV. 


n  = 

1.(1 

.9 

..s 

_ 
.7 

.(; 

..-> 

.4 

.1 

0 

1.1 

1.3 

1.3 

1.4 

1.5 

1.6 

.585  n  = 

.585 

.520 

.4GS 

.410 

.351 

.203 

.234 

.176 

.117 

.059 

0 

.644 

.702 

.700 

.819 

.878 

.936 

(ll.SO  —  .585  n)   = 

n.21.1 

11.274 

11.3.32 

U.390 

11.449|  11.307 

11.5GC 

ll.OlM 

11.683 

11.741 

u.soo 

11.156 

11.098 

11.040 

10.981 

10.922 

10.864 

CO  content  z=  P 

100  n 

«.!)0 

7.99 

7.0G 

6.15 

3.24 
8.43 

4.31 
7.02 

3.40 
5.02 

2  .3.S 
4.22 

1.71 
2.81 

..S3 
1.41 

0 
0 

9.85 
13.47 

10.82 

16.88 

11.77 
18.28 

12.70 

13.73 

~     11.80  —  .585  n 

14.00  n  =:: 

14.00 

12.05 

11.25 

9.8:1 

19.09 

21.08 

22.48 

(282.5  —  14.06  n)   — 

L'lW  44 

2i;9.s>ri 

271.2.- 

27t>.(;7 

274.07 

275.4.S 

270..S.S 

27S.2.H 

279.69 

2.S1.09 

2.82.30 

207.03 

2i;3.62 

2(14.22 

262.81 

261.42  200.02 

OOa  content  =  k 

100  n 

.37 

.33 

:.iii 

.2(1 

.10.: 

... 
.142 

.l.S 
.118 

.15 
.095 

.11 
.071 

.07 
.047 

.03 
.024 

0 
0 

.41 
.201 

.45 

.284 

.49 

..308 

.53 
.332 

..W        .62 

1 

"~    282.5  —  14.06  n  ~ 

.237  n  — 

.237 

.213 

.190 

.330      .380 

(4.7G  —  .237  n)   = 

4.523 

4.547 

4.570 

4.D94 

4.618 

4.642 

4.665 

4.689 

4.713 

4.730 

4.700 

4.499 

4.470 

4.452 

4.428 

4.404    4.380 

.708  n  = 

.798 

.718 

.639 

.559 

.479 

..399 

.319 

.240 

.160 

.080 

0 

.878 

.957 

1.039 

1.119 

1.198    1.278 

(1  —  .798  n)   — 

.202 

.2.S2 

.301 

.441 

.521 

.601 

.681 

.760 

.840 

.920 

1.000 

.122 

.043 

-.0.39 

-.119 

-.1981  -.278 

0«  content  :r:   <1 

100  (1  — .798  n) 

i.lS 

0.2(1 

7  '10 

9  (10 

11. 2S 

12.97 

14,61 

10.22 

17..S2 

19.47 

21.0 

2.71 

.90 

-.S9 

-2.09 

~      4.7f,  _  .2.37  n     ~ 

From  these  equations  are  calculated  the  CO,  oxy- 
gen, and  CO„  content  for  various  values  of  n,  as  shown 
in  Table  IV.' 

The  points  on  the  straight  line  BF,  Fig.  3.  are  lo- 
cated by  means  of  the  Oo  and  CO,  contents  shown  in 
Table  IV,  for  given  values  of  n.    Through  these  points 


The  lines  of  constant  CO  are  drawn  parallel  to  CB 
and  are  evenly  spaced.  Lines  of  constant  air  ratio, 
though  straight,  are  not  parallel  to  each  other,  nor  are 
their  intersection  points  on  CB  evenly  spaced. 

Charts  for  other  gaseous  fuels  have  been  calculated 
in  a  similar  manner,  and  are  shown  in  Figures  4  and  5. 


Superpower  Plan    Would  Over-come 

Large  Waste 


Recent  investigations  by  the  United  States  Geo- 
logical Survey,  Department  of  the  Interior,  in  what  is 
known  as  the  superpower  zone — the  dense  industrial 
region  between  Washington  and  Boston  — •  show  a 
waste  of  coal  used  in  the  production  of  power  by  the 
industrial  establishments  in  this  zone  in  the  year  1919 
to  the  amount  of  13,502,100  tons.  In  other  words,  the 
energy  developed  by  these  establishments  by  the  burn- 
ing of  19,125,900  tons  of  coal  could  have  been  developed 
in  large  central  power  plants  by  the  burning  of 
5,623,800  tons.  This  was  a  waste  through  inefficient 
independent  power  production  of  71  per  cent  in  coal 
consumption. 

The  industry  using  the  largest  amount  of  coal  in 
the  region  is  anthracite  mining,  and  in  this  industry 
a  coal  saving  of  more  than  75  per  cent  could  be  made 
if  the  mines  were  supplied  from  an  efficient  central 
electric  power  system.     Many  industries,  it  is  stated, 


could  save  coal  by  the  use  of  waste-heat  boilers.  Prob- 
ably the  greatest  saving  by  this  means  could  be  made 
in  the  cement  industry.  It  is  estimated  that  if  waste- 
heat  boilers  had  been  in  use  in  1919  in  all  the  cement 
plants  in  the  superpower  zone,  540,000  tons  of  coal 
would  have  been  saved  in  that  single  industry. 

There  are  many  blast  furnaces  in  the  superpower 
zone  which  are  isolated  from  any  steel  plants  or  rolling 
mills,  and  approximately  half  their  gases  are  wasted. 
These  wasted  gases  would  produce  sufficient  heat  for 
boilers  to  generate  500,000,000  kilowatt-hours  a  year. 

In  certain  plants  the  low-pressure  steam  require- 
ments greatlv  exceed  the  power  rcquircme.its,  and 
there  is  no  reason  why  such  plants  should  not  generate 
by-product  power  and  sell  it  to  the  electrical  distribut- 
ing companies. 
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the  Steel  Industry 


^H'^  'Q^ 

■ 

"^^l^l 

^^^H 

!^^^H 

^^^^^^^^^^^^^^^^p^!^  >iA«v"- 

^ 

^^^^^^^^^^^^^^^^^^m    ^^^^^^^^1 

1 

JOSEPH   GREEN    BUTLER,   JR. 


titUUiiiMiiiiiiitNiiii riiirirtitMHiiiiiriiiiimiriiiiiiiiiiiriiNtitiir «iti 


iiiiiiiitiMiiMriitittiiNiitiMiirimiitiiiiiiiiiriiiiiiiiiiiiiiiitMiiiiiiriiimmv 


60 


DioblasfP, 


j^ 


II  mace. 


%o\  PlanI 


January,  1922 


Sketch  of  Career  of  Joseph  G.  Butler,  Jr. 


JOSEPH  GREEN  BUTLER,  JR.,  was  born  at  Tem- 
perance Furnace,  Mercer  County,  Pa.,  on  Decem- 
ber 21,  1840.  His  father  was  Joseph  Green  Butler, 
and  his  mother,  Temperance  Orvvig  Butler,  the  former 
having  been  an  ironmaster  and  the  latter  descended 
from  one  of  the  oldest  families  in  Berks  County,  Pa., 
although  born  at  Salem,  Ohio,  whither  her  parents  had 
removed  with  the  earliest  settlers  of  that  state. 

The  lineage  of  the  Butler  family  is  worthy  of  being 
recorded  here,  not  onlj-  because  it  can  be  traced  back 
for  almost  a  thousancl  years,  but  because  of  the  ex- 
tremely prominent  part  members  of  the  family  played 
in  the  American  Rexolution  and  their  activity  in  the 
earlier  years  of  the  Republic.  The  family  became 
noted  in  Ireland  under  the  reign  of  Henry  II,  ruling 
the  Palatinate  of  Ormond,  now  County  of  Tipperary. 
It  had  a  large  part  in  the  political  and  religious  his- 
tory of  the  country  until  the  early  part  of  the  Eight- 
eenth Century,  when  political  troubles  led  to  the  imi- 
gration  to  America  of  Thomas  and  William  Butler. 
These  two  brothers,  together  with  five  of  their  sons, 
held  commissions  in  the  American  Army  during  the 
Revolution,  acquitting  themselves  in  such  a  way  as 
to  lead  General  Washington,  at  a  banquet  held  after 
the  surrender  of  Lord  Cornwallis  at  Yorktown,  to 
offer  a  toast  to  their  loyalty  and  courage,  using  the 
following  words :  "To  the  Butlers  and  their  live 
sons."  This  toast  was  responded  to  by  General  Lafay- 
ette with  the  observation  that,  when  he  wanted  any- 
thing well  done,  he  had  a  Butler  do  it.  During  the 
troublesome  times  following  the  close  of  the  War  for 
Independence,  these  Butlers  served  the  country  faith- 
fully in  the  Indian  wars  of  the  period,  as  well  as  other 
capacities.  Gen.  Richard  Butler,  son  of  Thomas  and 
Ann  Dalyrimple  Butler,  was  killed  at  the  battle  of 
the  Miamis,  in  Ohio,  and  his  cousin.  Col.  Edward 
Butler,  son  of  William  Butler,  was  wounded  in  the 
same  struggle  with  the  savages. 

The  personal  acquaintance  between  General  Wash- 
ington and  Col.  Thomas  Butler,  original  ancestor  in 
America  of  the  subject  of  this  sketch,  doubtless  led  to 
Col.  Butler  becoming  interested  in  the  manufacture  of 
iron,  as  General  Washington  and  his  brother  had 
erected  a  small  blast  furnace  in  Virginia  shortly  after 
the  close  of  the  Revolution.  He  was  later  engaged 
as  a  charcoal  contractor,  furnishing  fuel  for  a  number 
of  blast  furnaces  in  Pennsylvania,  being  connected  in 
this  way  with  such  famous  pioneer  iron  firms  as 
Spang,  Lyon  &  Shorb,  the  Shoenbergers,  and  others. 
He  followed  this  occupation  to  the  end  of  his  life, 
and  his  six  sons  were  also  engaged  in  it.  Col.  Thomas 
Butler  died  at  the  home  of  his  son,  David,  near  Roaring 
Springs,  Pa.,  in  1832,  at  the  age  of  92  years. 

Of  the  six  sons  above  referred  to,  the  last  was 
Joseph,  born  January  7.  1779,  at  Wilesburg,  Center 
County,  Pa.,  where  his  father  was  connected  with  the 
first  blast  furnace  built  in  Central  Pennsylvania.  This 
stack  was  erected  by  Col.  Samuel  Miles  and  Col.  Pat- 
ton,  both  officers  in  the  Revolutionary  Army.  Joseph 
Butler  married  Esther  Green,  whose  mother  was  a 
sister  of  Col.   Samuel   Miles.     The   Miles   familv  was 


of  Welsh  descent,  having  come  to  America  with,  or 
shortly  after  William  Penn,  and  having  been  prom- 
inent m  the  affairs  of  Philadelphia,  Col.  Samuel  Miles 
being  Mayor  of  the  City  at  one  time.  To  this  union 
were  born  two  sons  and  three  daughters,  of  whom 
Joseph  Green  Butler,  father  of  Joseph  Green  Butler, 
Jr.  was  the  youngest.  iVfter  the  death  of  Esther  Green 
Butler,  Joseph  Butler  married  again,  his  second  wife 
being  Rachel  Gould  Parker,  by  whom  he  had  a  num- 
ber of  children.  The  children  of  the  first  marriage 
were  reared  by  the  mother's  family,  the  two  groups 
being  thus  separated  and,  scattering  to  different  parts 
of  the  country,  were  unknown  to  one  another  for  many 
years.  Joseph  Butler  was  an  ironmaster  of  consider- 
able note.  With  his  father  and  his  brother,  James,  he 
conducted  a  forge  at  Bellefonte,  producing  blooms  of 
such  excellence  that  the  name  under  which  they  were 
sold,  "Juniata  Blooms"  was  preserved  and  used  long 
after  the  original  forge  and  its  owners  had  passed 
away.  He  served  in  the  War  of  1812,  and  was  prom- 
inent in  the  affairs  of  his  community,  having  been  se- 
lected to  keep  the  "inn  or  house  of  public  entertain- 
ment" at  Bellefonte  in  1816.  He  was  also  elected 
sheriff  of  Center  County  in  1821. 

Joseph  Green  Butler,  son  of  Joseph  Butler  and 
Esther  Green,  was,  like  his  father  before  him  and  his 
son,  Joseph  Green  Butler,  Jr.,  an  ironmaster  of  repu- 
tation. For  some  years  he  followed  the  iron  business 
in  Central  Pennsylvania.  As  the  ore  and  fuel  sup- 
plies in  that  Section  became  exhausted,  he  came  west- 
ward and  was  soon  recognized  as  an  expert  in  Western 
Pennsylvania  and  Eastern  Ohio,  then  beginning  to 
be  known  as  iron  producing  territory.  After  spending 
some  time  as  manager  for  dift'erent  furnace  companies, 
he  became  associated  with  some  eastern  people  in  the 
operation  of  a  blast  furnace  at  New  Wilmington,  Pa., 
succeeding  in  the  management  of  this  enterprise  Wil- 
liam McKinley,  father  of  President  William  McKinley. 
About  1838  he  erected  near  Hadley,  Mercer  County, 
Pa.,  a  small  blast  furnace,  which  he  named  "Temper- 
ance Furnace,"  after  his  wife,  Temperance  Orvvig 
Butler.  It  was  within  a  few  feet  of  this  stack  that  the 
subject  of  this  sketch  was  born.  Later  Joseph  Green 
Butler  was  Manager  of  furnaces  for  the  famous  old 
firm  of  James  Ward  &  Company,  which  built  the  first 
bar  mill  in  Ohio,  at  Niles.  Still  later  he  was  in  charge 
of  the  mercantile  department  of  that  firm.  He  was 
married  to  Temperance  Orwig,  and  they  had  seven 
sons  and  three  daughters.  He  died  at  Cleveland  in 
1895,  and  his  wife  survived  him  four  years.  Joseph 
Green  Butler  was  a  man  of  unusual  attainments  and 
character,  enjoying  the  respect  and  esteem  of  a  wide 
circle  of  friends. 

Joseph  Green  Butler.  Jr.,  subject  of  this  sketch, 
was  the  third  son  of  Joseph  Green  Butler  and  Temper- 
ance Orwig  Butler.  He  was  about  one  year  old  when 
his  father  removed  from  Temperance  Furnace  to  Niles, 
Ohio,  in  order  to  take  charge  of  the  mercantile  de- 
partment of  James  Ward  &  Company.  At  Niles.  there- 
fore, he  spent  his  entire  boyhood,  with  the  exception 
of  one  year,  1853,  during  which  his  father  managed  a 
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blast  furnace  at  New  Wilmington.  At  Niles,  he  at- 
tended the  village  school,  in  company  with  William 
McKinley,  afterward  President  of  the  United  States, 
as  well  as  of  others  who  later  became  widely  known. 
During  his  school  years  he  seems  to  have  been  an 
apt  pupil,  but  he  was  at  the  same  time  one  of  the  most 
vigorous  and  resourceful  of  the  group  above  referred 
to,  and,  in  spite  of  the  meager  opportunities,  acquired 
the  foundation  of  a  thorough  education.  He  inherited 
from  a  long  line  of  ancestors  the  courage,  energy  and 
ability  which  have  enabled  him  to  become  one  of  the 
most  widely  known  iron  and  steel  manufacturers  in 
the  United  States,  and  it  is  probable  that  his  remark- 
able accomplishments  in  the  held  of  industry,  finance, 
art  and  letters  may  be  credited  to  an  indomitable  spirit 
of  achievement,  derived  from  the  mixture  of  Irish, 
Scotch  and  Welsh  blood  in  his  veins.  Whatever  may 
have  been  the  source  of  this  spirit,  he  has  established 
a  record  of  public  .and  private  achievement  not  often 
equalled,  and  his  life  and  work  form  a  source  of  in- 
spiration for  all  who  seek  in  the  larger  sense  to  make 
the  world  better  for  having  lived  in  it. 

J\lr.  Butler  was  about  fifteen  years  of  age,  when, 
in  1855,  he  entered  the  store  conducted  by  his  father 
for  James  Ward  &  Compaii}^  in  the  capacity  of  a  clerk. 
In  this  position  he  made  himself  particularly  useful 
by  acquiring  the  Welsh  language  from  the  miners  who 
patronized  the  establishment  as  well  as  helping  to  keep 
the  accounts.  One  day  Mr.  Ward  came  into  the  store 
and  announced  that  he  wanted  some  one  to  fill  the 
position  of  shipping  clerk  in  the  iron  works,  which  was 
temporarily  vacant.  He  selected  Mr.  Butler  for  the 
task,  and  this  was  so  well  performed  that  the  young- 
man  was  given  the  position  permanently,  and  rapidly 
advanced  until  he  became  active  in  the  management 
of  the  works.  In  1858,  his  father  was  elected  Sheriff 
of  Trumbull  County,  removing,  with  the  remaiiider  of 
the  family  to  Warren,  the  county  seat.  Mr.  Butler, 
however,  chose  to  remain  with  Ward  &  Company,  and 
was  taken  into  the  Ward  family,  in  which  he  made  his 
home  during  the  time  he  was  with  the  firm,  being  later 
made  Financial  Manager  of  the  Company. 

In  1863,  he  became  District  Representative  of  Hale 
&  Ayer,  a  Chicago  firm,  with  whom  he  remained  until 
1866,  resigning  to  become  Manager  of  the  Girard  Iron 
Company,  in  which  enterprise  he  was  associated  with 
David  Tod,  the  famous  "War  Governor  of  Ohio,"  Wil- 
liam Ward  and  William  Richards.  They  built  the 
first  blast  furnace  in  the  Mahoning  Valley,  equipped 
with  a  closed  top,  and  conducted  the  business  under 
the  name  of  the  Girard  Iron  Company  for  twelve  years, 
when  he  sold  his  interests  to  become  Manager  of  the 
Brier  Hill  Iron  Company.  This  was  one  of  the  most 
widely  known  iron-making  establishments  of  its  time, 
operating  blast  furnaces  and  later  mining  coal  on  a 
large  scale.  It  continued  successful  operations  for 
many  years,  being  finally  re-organized  in  1912  under 
the  name  of  the  Brier  Hill  Steel  Company,  of  which 
Mr.  Butler,  its  original  Manager  is  now  Vice-President. 
In  the  long  interval  between  1868  and  1912,  Mr. 
Butler  was  connected  with  many  other  enterprises,  and 
since  that  time  his  activities  have  been  even  still  fur- 
ther extended.  He  was  one  of  the  organizers  of  the 
Ohio  Steel  Company,  the  first  concern  to  make  steel 
in  the  Mahoning  Valley,  being  Vice  President  of  the 
Company  for  a  number  of  years.  At  this  time  he  is  a 
Director  of  The  American  Iron  &  Steel  Institute,  Presi- 
dent of  the  Portage  Silica  Company,  Vice-President  of 
The  Brier  Hill  Steel  Company,  Chairman  of  the  Board 


of  Directors  of  The  Bessemer  Limestone  &  Cement 
Company,  Director  of  The  Youngstown  Sheet  &  Tube 
Company,  The  Pennsylvania  &  L.ake  Erie  Dock  Com- 
pany, 'the  Cleveland  &  JMahoiiing  Valley  Railway 
Company,  Pittsburgh,  Youngstown  &  Ashtabula  Rail- 
road Company,  New  York,  Pennsylvania  &  Ohio  Uiglit 
&  Power  Company,  Youngstown  &  Suburban  Rail- 
way, The  Y'oungstown  iSIunicipal  Railway  Company, 
I'he  Commercial  National  Bank,  and  numerous  other 
less  important  enterprises.  His  business  interests  in- 
clude almost  every  successful  industrial  enterprise  in 
the  Mahoning  \alley,  and  he  is  interested  in  many 
similar  undertakings  elsewhere.  His  activities  in  the 
iron  and  steel  business  are  especially  notable,  and  his 
acquaintance  among  the  leaders  in  this  industry  in 
all  parts  of  the  world  is  probably  not  exceeded  by  that 
of  any  living  man,  extending  backward  more  than  a 
generation  and  including  all  of  those  who  had  a  large 
part  in  the  modern  development  of  steel  manufactuie 
in  this  country  and  abroad. 

In  spite  of  these  multiplied  interests,  Mr.  Butler 
has  devoted  a  great  deal  of  time  to  humanitarian  work, 
as  well  as  art  and  literature.  Nor  has  he  neglected 
politics,  although  he  has  never  been  a  candidate  for 
political  oftice  except  when  it  offered  no  rewards  ex- 
cept honors  and  an  opportunity  to  serve  his  country. 
He  has  been  a  delegate  to  three  Republican  National 
Conventions,  the  last  being  that  at  which  Warren  G. 
Harding  was  nominated  tor  President,  Mr.  Butler  hav- 
ing been  among  the  leaders  of  the  long  contest  neces- 
sary to  bring  about  that  result.  He  has  appeared  be- 
fore the  Committee  of  Ways  and  Means  and  the  Senate 
Finance  Committee  during  the  framing  of  almost  every 
tariff'  bill  since  1870,  and  has  numbered  among  his 
personal  friends,  every  Republican  President  since  and 
including  Grant.  He  took  part  in  every  Presidential 
election  since  and  including  that  of  Abraham  Lincoln, 
and  has  been  a  consistent  Republican  during  the  whole 
period. 

For  many  years  Mr.  Butler  has  been  interested  in 
art,  and  his  collection  of  pictures  is  among  the  most 
notable  in  the  United  States,  outside  of  New  York. 
In  1918-19  Mr.  Butler  erected  in  the  City  of  Y'oungs- 
town one  of  the  handsomest  art  galleries  in  the  coun- 
try, presenting  it  to  the  city,  with  an  endowment  fund 
to  provide  for  its  maintenance  perpetually.  This 
beautiful  structure  is  devoted  to  the  encouragement  of 
American  artists  and  now  contains  a  large  collection 
of  choice  paintings  by  American  artists,  all  of  which 
were  donated  by  the  builder.  Connected  with  it  is  a 
free  school  of  art  instruction  under  able  management. 

Mr.  Butler  has  gathered  one  of  the  finest  private 
libraries  in  America.  In  addition  he  has  written  a 
number  of  widely  known  works,  among  these  being 
"Life  of  McKinley,"  "First  Trip  Across  the  Continent," 
"First  Trip  Abroad,"  "Presidents  I  have  Seen  and 
Known,"  "A  Journey  Through  France  in  \\'ar  Time," 
"Fifty  Years  of  Iron  and  Steel,"  and  "History  of 
Youngstown  and  the  Mahoning  Valley."  Of  these, 
the  last  named  is  in  four  volumes,  "Fifty  Years  of 
Iron  and  Steel"  is  now  in  its  Fifth  Edition.  All  of 
these  works  were  published  privately. 

Mr.  Butler  was.  as  has  been  noted,  a  boyhood  friend 
and  schoolmate  of  President  William  McKinley,  and 
their  close  friendship  endured  through  the  whole  of 
the  martyred  President's  life.  Many  years  ago  he  con- 
ceived the  idea  of  erecting  a  memorial  to  mark  the 
place  of  McKinley's  birth,  and,  after  years  of  labor, 
brought   this  idea  to  fruition   in   what  is  perhaps  the 
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most  beautiful  and  elaborate  structure  of  this  kind  on 
the  American  continent.  It  is  located  at  Niles,  and  is 
daily  visited  by  people  from  all  parts  of  the  country 
and  even  many  persons  from  abroad.  This  splendid 
memorial  is  of  Georgia  marble,  with  a  heroic  statue 
of  McKinley  as  its  crowning  feature.  It  was  designed 
by  McKim,  Mead  &  White  and  planned  as  an  educa- 
tional institution,  containing  art  and  memorabilia  cal- 
culated to  inspire  study  of  history  and  love  of  country. 
Among  these  are  a  library,  auditorium,  museum  of 
historical  relics  and  many  busts  of  the  most  famous 
men  in  the  history  of  American  politics,  statesmanship 
and  industry.  Its  cost,  about  half  a  million  dollars, 
was  defrayed  largely  by  contributions  from  people  in 
all  walks  of  life,  but  the  credit  for  its  erection  belongs 
entirely  to  Mr.  Butler,  who  is  President  of  the  Organ- 
ization erecting  it.  The  National  McKinley  Birthplace 
Memorial  Association. 

In  addition  to  the  accomplishments  here  merely  out- 
lined along  the  line  of  industry,  politics,  art  and  liter- 
ature, Mr.  Butler  has  always  been  intensely  interested 
in  humanitarian  work  and  has  been  connected  with 
every  movement  of  this  kind  in  the  Mahoning  Valley 
for  many  years.  Anything  that  offered  an  opportunity 
to  inspire  patriotism,  instill  pride  in  and  affection  for 
country  and  community,  was  eagerly  embraced  by 
him  and  given  energetic  and  efl'ective  support.  He  was 
originator  and  one  of  the  incorporators  and  is  now-  a 
member  of  the  Board  of  Governors  of  Sulgrave  Insti- 
tution, Sulgrave,  England,  through  which  the  original 
home  of  the  Washingtons  has  been  preserved.  He 
served  as  a  member  of  the  American  Commission 
which  visited  France  during  the  World  War  as  guests 
of  the  French  Government,  and  he  has  been  at  the 
head  of  community  efforts,  such  as  Red  Cross,  Council 
of  National  Defense,  and  all  others  designed  to  weld 
together  patriotic  and  humanitarian  sentiment.  For 
seven  years  Mr.  Butler  served  as  President  of  the 
Youngstown  Chamber  of  Commerce.  He  was  at  the 
same  time  President  of  the  Youngstown  Humane  So- 
ciety for  five  years.  He  has  been  Vice  President  Gen- 
eral of  the  Sons  of  the  American  Revolution  and  Presi- 
dent of  The  Mahoning  Valley  Historical  Society  and 
the  Mahoning  Institute  of  Art  for  many  years.  He  is 
President  of  the  American  Pig  Iron  Association,  and 
was  President  of  the  Organization  which  preceded  it 
in  the  preparation  of  statistics  concerning  this  great 
industry  in  .America,  the  Bessemer  Pig  Iron  Associa- 
tion. 

Mr.  Butler  is  a  member  of  the  following  Clubs : 
Duquesne,  Pittsburgh ;  Union.  Cleveland ;  National 
Arts,  Salmagundi,  Republican,  Grolier,  India  House 
and  Friars,  and  the  Ohio  Society  of  New  York. 

He  was  married  on  January  10,  1866,  to  Harriet 
Voorhess  Ingersoll,  of  an  old  and  well  known  New 
Haven,  Conn.,  family,  whose  death  took  place  on  April 
27,  1921.  Their  children  included,  Blanche,  wife  of 
Edward  L.  Ford,  of  Youngstown  (now  deceased)  : 
Henrv  .\..  a  well  known  business  man  of  Youngstown. 
and  Grace,  wife  of  Arthur  McGraw,  of  Detroit. 

From  the  facts  disclosed  by  the  above  simple  sketch 
of  his  activities  it  is  natutal  that  Joseph  Green  Butler. 
Jr.,  should  be  the  most  widely  known  and  most  be- 
loved citizen  of  the  Mahoning  Valley.  The  esteem 
and  affection  in  which  he  is  held  have  been  repeatedlj- 
expressed  publicly  by  his  fellow  citizens  in  the  form 
of  days  specially  set  aside  in  his  honor,  as  well  as  busts 
which  have  been  unveiled — one  at  The  Butler  Art  In- 


stitute in  Youngstown  and  another  at  the  McKinley 
Alcmorial,  in  Niles,  honors  never  bestowed  on  any 
other  citizen  of  this  locality.  No  other  man  has  ren- 
dered such  energetic  and  unselfish  service  to  his  coun- 
try and  his  community,  and  he  stands  out  among  the 
historic  figures  of  which  northeastern  Ohio  has  pro- 
duced so  large  a  number. 

STEVENS   INSTITUTE  CELEBRATES 
ITS  50TH  ANNIVERSARY. 

.Stevens  Institute  alumni  and  their  friends  joined  in 
a  50th  anniversary  celebration  at  a  notable  dinner  at 
Hotel  Astor,  New  York.  Thursday  evening,  Dec.  15. 
.Among  the  -K)0  in  attendance  were  a  number  of  engi- 
neers who  have  won  national  distinction.  At  each 
guest's  place  was  a  brochure,  well  illustrated,  recount- 
ing the  50  years  of  progress  and  service  in  the  life  of 
the  Hoboken  institution  founded  by  Edwin  A.  Stevens 
and  fostered  by  the  members  of  his  family.  Stevens 
has  had  but  two  presidents,  Henry  Morton  serving 
until  1902  and  Alexander  C.  Humphreys  immediately 
following  him.  The  story  of  50  years  tells  of  the  gifts 
made  to  Stevens  in  more  recent  years,  including 
$125,000  from  .Andrew  Carnegie  and  alumni  subscrip- 
tions of  $507,000. 

A  noteworthy  feature  of  the  dinner  was  the  pres- 
ence of  the  entire  class  of  1877.  The  10  men  who 
graduated  in  that  year  were  applauded  roundly  as  they 
answered  to  the  call  of  the  roll.  They  are  named 
below : 

A.  G.  Brinckerhoft',  secretary  Nash  Engineering  Co., 
South  Norwalk,  Conn. 

M.  I.  Coster,  vice-president  Westinghouse  Electric 
International  Co.,  New  York. 

W.  E.  Geyer,  Boonton,  N.  J. 

F.  E.  Idell,  mechanical  engineer.  50  Church  Street, 
New  York. 

L.  H.  Nash,  jjresident  Nash  Engineering  Co.,  South 
Norwalk,  Conn. 

J.  B.  Pierce,  Mercer  County,  Pa. 

J.  Rapelje,  Hopewell  Junction,  N.  Y. 

E.  P.  Roberts,  special  consultant  and  manager  Engi- 
neering Society  of  Akron,  Akron,  Ohio. 

E.  A.  Uehling,  president  Uehling  Instrument  Co., 
Passaic,  N.  J. 

F.  VanW^inkle,  consulting  engineer  and  associate 
editor  "Power."  New  York. 

President  Humphreys,  in  an  address  emphasizing 
some  of  the  things  for  which  Stevens  Institute  stands, 
challenged  a  statement  made  at  a  recent  joint  confer- 
ence of  the  American  Society  of  Mechanical  Engineers 
and  the  American  Society  for  the  Promotion  of  Engi- 
neering Education.  One  of  the  speakers  at  that  con- 
ference, a  university  professor,  stated  that  colleges  to- 
day are  aiming  at  "quantity  production"  rather  than 
quality  of  product.  This  speaker  quoted  the  secretary 
of  the  second  named  society,  who  is  dean  of  the  engi- 
neering school  of  a  university,  to  the  eft'ect  that  "there 
is  no  first-class  engineering  school  in  America."  Presi- 
dent Humphreys  suggested  that  the  pessimistic  opin- 
ions of  these  professors  may  be  attributable  in  part  to 
the  observed  results  of  faulty  teaching.  To  the  charge 
(if  quantity  production  the  speaker  held  that  Stevens 
Institute  is  well  justified  in  pleading  not  guilty.  While 
there  are  no  perfect  institutions,  "when  we  speak  of 
'first  class,'  that  is  relative,  and  so  speaking  I  disagree 
with  these  men  and  claim  there  are  a  number  of  first 
class  engineering  schools  in  America,  of  which  Stevens 
is  one. 
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Rolling  Mill  Department 


Electric  Drives  For  Wire  Mills 


American  Rolling  Mills  for  France. 


The  Mansfield   Sheet  and  Tin  Plate  Company's 

New  Steel  Unit 

By  CARL  W.   PIERCE 
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Electric  Drives  For   Wire  Mills 

A  General   Description   of  the   Modern  Electric  Drives  Recently 
Installed  in  the  Alabama  City  Works  of  the  Gulf  States  Steel  Co. 


THE  steel  frame  building  which  houses  the  wire- 
drawing benches  is  240  feet  wide,  consisting  of  four 
60- foot  bays,  and  in  length  that  portion  devoted  to 
wire-drawing  is  340  feet,  or  17  20-foot  bays.  Thus  the 
floor  area  in  this  department  is  81,600  square  feet,  all  of 
which  is  laid  with  wood  blocks.  The  roof  is  divided  into 
alternately  high  and  low  sections,  nearly  flat,  each  20 
feet  wide,  extending  across  the  full  width  of  the  build- 
ing, 240  feet.  The  vertical  space  of  10  to  15  feet  be- 
tween the  high  and  low  sections  of  roof  is  walled  en- 


Fig.  1. 

tirely  with  glass,  thus  giving  very  good  natural  lighting 
over  the  entire  floor  space. 

Wire  Drawing  Frames. 

There  are  six  wire-drawing  frames  or  benches,  each 
about  175  feet  long,  running  parallel  with  each  other  and 
in  the  direction  of  the  length  of  the  building;  these,  to- 
gether with  their  drives,  extend  over  about  10  20-foot 
bays,  or  200  feet  in  the  length  of  the  building.  As  meas- 
ured across  the  width  of  the  building,  the  benches  are 
separated  by  a  distance  of  from  42  to  44  feet  from 
center  to  center.  The  drawing  benches  were  furnished 
by  Humphrey  &  Sons,  Joliet,  111.  Four  of  these  (known 
as  1,  2,  3  and  4),  each  driven  by  a  2.30- volt  d.c.  motor, 
have  been  in  service  since  the  year  1910;  the  other  two 
(Nos.  5  and  6),  each  of  which  is  driven  by  2,200-volt, 
3-phase  induction  motor,  were  installed  new  and  started 
up  in  August,  1920.  Each  one  of  the  six  benches  car- 
ries 40  vertical  wire-drawing  drums  or  "blocks,"  and,  at 


intervals,  called  "pointers,"  used  for  tapering  the  end  of 
the  wire  to  a  point  so  that  it  may  be  inserted  by  hand  in 
the  die  hole.  The  old  benches  (1,  2,  3  and  4)  are  each 
provided  with  seven  pointers,  and  the  new  benches  ( Nos. 
5  and  6),  each  have  13  pointers.  On  the  right  in  Fig.  1 
is  shown  the  chain  drive  to  one  of  the  pointers ;  this  is 
on  the  end  of  bench  No.  5. 

As  this  picture  shows,  these  two  benches  (Nos.  4 
and  5)  are  installed  close  together,  back  to  back,  so  that 
the  work  done  on  a  given  bench  is  all  from  one  side.  On 
the  other  hand,  benches  1,  2,  3  and  4,  which  have  a  floor 
space  between  them  of  about  40  feet  for  location  of  the 
reels  and  for  trucking,  are  built  so  that  about  half  of  the 
blocks  draw  from  the  right  and  the  other  half  from  the 
left  side  of  the  bench. 

Old  Bench  Blocks. 

The  first  block  at  the  motor  end  of  each  of  these 
benches  is  known  as  the  "bull"  block  and  runs  at  a  speed 
of  about  36  rpni.,  drawing  the  wire  at  a  speed  of  about 
250  feet  per  minute ;  this  Ijlock  is  used  to  draw  the  heavy 
rolled  rod  as  it  comes  from  the  rod  mill  after  having  been 
annealed  and  otherwise  treated.  There  are  located  at 
intervals  throughout  the  length  of  each  of  these  benches 
13  "ripping"  blocks,  which  run  at  a  speed  of  about  48 
rpm.,  drawing  the  wire  at  a  speed  of  about  330  feet  per 
minute;  these  blocks  are  located  next  to  the  pointers. 

The  remaining  26  blocks  on  each  of  these  benches 
are  "finishing"  blocks  and  run  at  about  72  rpm.,  drawing 
the  wire  at  a  speed  of  about  500  feet  per  minute. 

Bevel  Gearing. 

A  53-tooth  bevel,  or  miter,  gear  at  lower  end  of  ver- 
tical bull  block  shaft  engages  a  26-tooth  split  bevel  gear 
on  the  line  shaft;  this  latter  gear  is  split  in  halves  to 
facilitate  the  work  of  installing  a  new  gear  in  event  this 
should  become  necessary.  This  gives  about  a  2  to  1  gear 
reduction  from  line  shaft  to  block.  A  45-tooth  bevel 
gear  on  the  line  shaft,  giving  a  speed  reduction  of  1^ 
to  1   from  line  shaft  to  block. 

A  40-tooth  bevel  gear  on  the  vertical  finishing  block 
shaft  engages  a  40-tooth  split  gear  on  the  line  shaft;  thus 
the  finishing  block  runs  at  line  shaft  speed,  72  rpm. 

New  Bench  Blocks. 

Benches  Nos.  5  and  6  each  have  13  ripping  blocks 
which  run  at  48  rpm. ;  these  are  each  located  next  to  a 
pointer.  The  remaining  27  finishing  blocks  on  each  of 
these  two  benches  run  at  a  speed  of  72  rpm.  The  speeds 
at  which  the  wire  is  drawn  on  these  benches  is  the  same 
as  those  on  the  four  old  benches,  viz.,  330  ft.  per  minute 
for  the  ripping  blocks  and  500  ft.  per  minute  for  the  fin- 
ishing blocks. 

Gearing. 

The  bevel  gear  on  the  ripping  block  shaft  has  45  teeth 
and  the  one  with  which  it  engages  on  the  line  shaft  has 
30-teeth,  or  a  reduction  in  speed  of  1}^  to  1  from  line 
shaft  to  block. 
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The  bevel  gear  on  the  finishing  block  shaft  and  that 
with  which  it  meshes,  on  the  line  shaft,  each  have  40 
teeth;  thus  the  finishing  block  runs  at  line  shaft  speed. 

The  40  vertical  shafts  on  each  bench  revolve  at  all 
times  when  the  line  shaft  is  running;  and  in  each  case 
the  vertical  shaft  drives  the  block  through  a  friction 
clutch  which  permits  the  block  to  be  stopped  or  started 
instantly. 

To  the  block  there  is  attached  a  chain,  on  the  end  of 
which  is  fastened  a  pair  of  grip  jaws  which  are  adjusted 


Fig.  2. 

to  take  hold  of  the  end  of  the  wire  after  it  has  been 
threaded  through  the  die  hole.  The  clutch  is  then  let  in 
gradually  by  lifting  the  foot,  after  the  manner  of  the 
left  pedal  of  an  automobile ;  this  causes  the  block  to  re- 
volve at  the  same  speed  as  the  vertical  shaft  which 
carries  it. 

Friction  Clutch. 

Mg.  2  shows  details  of  the  clutch.  It  also  shows  the 
maple  friction  blocks  carried  by  a  "spider"  similar  in 
form  to  a  dished  wheel,  the  dish  of  which  may  be  varied 
somewhat.  When  the  weight  of  the  friction  drum,  to- 
gether with  that  of  the  wire  drawing  block,  is  lowered 
on  the  wood  friction  blocks  there  is  a  tendency  to  force 
the  "dish"  out  of  the  "wheel/'  causing  expansion  at  the 
"rim"  (friction  surface)  ;  this  force  is  sufficient  to  cause 
the  friction  to  take  hold.  In  other  words  the  toggle  action 
of  the  "spokes"  forces  the  wood  blocks  against  the  fric- 
tion surface  on  the  inside  of  the  drum  (shown  at  the  left 
in  F"ig.  2)  with  sufficient  pressure  to  produce  the  neces- 
sary driving  friction.  The  friction  drum  carries  two 
pawls  which  engage  the  teeth  on  the  inside  of  the  wire 
drawing  block ;  thus  the  vertical  driving  shaft  can  only 
produce  rotation  of  the  block  in  one  direction. 

Mechanical  Safety  Device. 

Fig.  3  shows  a  bail  or  yoke  shaped  lever  extending 
around  the  die  bracket  through  which  the  wire  is  drawn ; 
this  bail  shaped  lever  operates  an  air  valve  which  turns 
air  into  or  out  of  two  single  acting  vertical  air  cylinders 
placed  on  opposite  sides  of  the  bench. 

A  forward  push  on  the  bail  turns  air  into  the  two 
cylinders,  producing  an  upward  movement  of  their 
plungers  and  lifting  the  weight  of  the  friction  drum  and 
block  off  the  rotating  toggle  friction  wheel,  thus  disen- 
gaging the  clutch  and  stopping  the  wire  drawing  opera- 
tion instantly,  since  the  inertia  of  the  moving  parts  above 
the  friction  is  not  sufficient  to  draw  the  wire  through  the 
die  to  any  appreciable  extent. 


This  is  a  very  quick  acting  safety  device.  In  event 
an  operator  should  accidentally  become  entangled  in  the 
wire  as  it  is  being  drawn  through  the  die,  on  the  instant 
his  body  or  any  part  of  it  bringing  slight  pressure  against 
the  bail  the  clutch  is  instantly  disengaged,  affecting  a  very 
sudden  stop  of  rotation  of  the  block. 

However,  the  perform!ance  of  this  safety  device  de- 
pends entirely  upon  maintenance  of  air  pressure  in  the 
line  and  in  event  of  failure  the  block  must  be  stopped 
either  by  pressure  on  the  foot  lever  (shown  in  the  ex- 
treme lower  position  in  Fig.  3)  or  by  stopping  the  driv- 
ing motor  at  the  end  of  the  line  shaft  which  drives  the 
40  blocks  of  one  bench.  Stoppage  of  the  motor  in  every 
case  is  affected  by  pushing  a  button;  just  how  this  is  ac- 
complished will  be  shown  later. 

Drives. 

For  the  drives  of  benches  Nos.  1,  2,  3  and  4  we  have 
identical  motors  designated  by  our  numbers  506,  507,  508 
and  509  respectively. 

These  motors  were  furnished  by  Crocker-Wheeler 
Company.  They  are  size  336-D.  306-hp.,  230-volts  d.c. 
shount  wound,    12  pole,  72  rpm.   machines  and  each   is 


Fig.  3. 

direct  control  to  one  of  the  bench  line  shafts  by  a  flange 
coupling. 

One  half  of  this  coupling  has  a  12-in.  diameter  bore 
for  the  armature  shaft  and  the  other  half  is  bored  5-5/16 
inches  to  fit  the  line  shaft,  which  extends  throughout  the 
length  of  the  bench,  about  175  feet.  Fig.  4  shows 
motor  No.  508  which  drives  No.  3  drawing  bench. 

Starter. 

This  pictures  gives  a  good  view  of  the  manually  oper- 
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ated  starting  panel  used  with  this  motor ;  starters  similar 
to  this  are  also  used  in  connection  with  the  motors  driv- 
ing benches  Nos.  2  and  4. 

At  bottom  of  the  panel  is  shown  10  knife  switches 
which  must  be  closed  by  hand,  one  at  a  time,  in  proper 
sequence,  to  cut  out  the  successive  resistance  steps  used 
in  startin.t(  the  motor.  At  the  top  of  the  panel  is  shown 
the  two  line  circuit  breakers,  one  or  both  of  which  may 
be  opened  for  stopping  the  motor.  Between  the  circuit 
breakers  and  above  the  ammeter  is  shown  a  relay,  the 
plunger  of  which  is  normally  held  up  against  gravity, 
thus  bridging  across  two  contact  posts  through  which 
energy  is  supplied  to  the  low  voltage  coil  of  one  of  the 


Fig.  4. 

circuit  breakers.  The  other  circuit  breaker  is  equipped 
with  a  shunt  trip  coil  which  is  energized  through  a  pair 
of  contact  posts  which  are  short  circuited  by  the  relay 
when  the  plunger  is  down. 

Stop  Button. 

Located  on  each  of  the  10  columns  at  20-foot  inter- 
vals near  the  bench  are  push  buttons,  any  one  of  which 
when  pushed  will  open  the  circuit  through  the  relay  coil, 
permitting  the  plunger  to  drop,  thus  effecting  the  opera- 
tion of  the  low  voltage  trip  on  one  breaker  and  the  shunt 
trip  on  the  other,  as  above  explained.  Of  course,  open- 
ing of  either  circuit  breaker  will,  ordinarily,  stop  the 
motor.  The  several  stop  buttons  are  for  use  in  event  a 
man  should  get  caught  in  the  wire  and  be  drawn  in 
by  it. 

However,  due  to  the  characteristic  toggle  lever  con- 
struction which  is  employed  for  mechanically  holding  the 
circuit  breaker  closed,  there  is  always  a  chance  that  the 
breaker  may  fail  to  open  in  response  to  the  touch  of  a 
button. 

Starter  for  No.  1  Bench  Motor. 

In  connection  with  the  motor  driving  No.  1  bench, 
there  is  a  magnetic  switch  starter  which  was  assembled 
from  factory  made  units ;  this  starting  pane!  carries 
four  line  contactors,  two  on  each  side  of  the  line ;  two 
overload  relays ;  a  knife  switch  for  the  shunt  field  and 
control  wiring;  and  one  ammeter. 

Since  the  line  contactors  are  held  closed  by  a  circuit 
which  may  be  interrupted  by  any  one  of  the  ten  push 
buttons  on  the  columns  it  seems  impossible  that  thev 
could  fail  to  open  at  the  touch  of  a  button. 

This  starter  has  never  failed  to  stop  the  motor  in- 
stantly at  the  touch  of  a  button  and  will  also  automati- 


cally handle  the  accelerating  switches  in  proper  sequence 
every  time. 

Failure  in  the  performance  of  this  latter  has  often  re- 
sulted in  burnt  spots  on  the  commutators  of  the  manually 
started  motors.  Sometimes  in  starting  up  with  the  old 
knife  switch  starters,  the  motor  inspector  will  inadver- 
tently close  the  circuit  breaker  without  having  previously 
opened  all  the  knife  switches;  this  usually  produces  the 
burnt  patches  on  the  commutator  as  above  noted. 

Drives  of  Benches  Nos.  5  and  6  Motors. 

Each  of  these  benches  is  driven  bv  a  tvpe  M  T.  frame 
412,  400-hp.,  4.=^0  rpni.,  2,200-volt.  ,^-phasc,  60-cycle.  form 


Fig.  5. 

B.  slip  ring  induction  motor,  furnished  liy  General  Elec- 
tric Company. 

Gearing. 

The  drive  is  through  a  Fawcus  ^ilachine  Company's 
reducing  gear  unit,  giving  a  reduction  from  450  hp.  to 
72  rpm..  or  a  ratio  of  6}^  to  1  between  motor  and  drive 
.shaft. 

Couplings. 

The  coupling  between  the  rotor  shaft  and  the  gear 
unit  is  No.  22  Francke  flexible  coupling  bored  in  one-half 
5  in.  for  the  rotor  shaft  and  in  the  other  Syj  in.  for  the 
Fawcus  gear  shaft. 

The  coupling  between  the  Fawcus  gear  and  the  bench 
line  shaft  is  of  the  endless  belt  type  and  was  manufac- 
tured here ;  Fig.  5  shows  this  coupling  the  No.  5  draw- 
ing bench.  The  bore  in  one  half  of  this  coupling  is 
6-13/16  in.  for  the  Fawcus  gear  shaft  and  that  in  the 
other  half  is  5-15/16  inches  for  the  bench  line  shaft.  Each 
of  these  cast  steel  half  couplings  carries  six  lyi  in.  dia- 
meter pins  which  project  Gyi  in.  from  the  face;  these  pins 
are  taper  fitted  and  are  held  in  place  by  a  nut.  The 
belt  used  in  the  coupling  is  three-ply  leather,  Gyi  in. 
wide. 

Control. 

The  control  apparatus  for  the  two  motors,  num- 
bers 535  and  536,  is  all  housed  in  a  two-story  brick  build- 
ing, seven  feet  wide  by  18  ft.  4  in.  long,  inside  dimensions. 
The  secondary  panels,  which  form  the  main  part  of  the 
magnetic  control  ec[uipnient,  are  assembled  as  one  con- 
tinuous switchboard  and  located  on  the  upper  floor  of 
the  building.  This  board  is  6  ft.  4  inches  high  by  16  ft, 
'  long.     As  the  equipment  carried  on  this  board  is  all  in 
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duplicate  a   list  of   that   required    for    one    motor    will 
suffice. 

Panel  1  carries  the  following  equipment : 

1  three-phase,  2-coiI  indicating  wattmeter. 

2  inverse  time  limit  overload  relays,  plunger  type. 

1  main  oil  circuit  breaker,  T.  P.  S.  T.,  4,500  volt,  200 
amp.,  with  overload  trip  coils. 
1  undervoltage  release. 

Panel  2 : 

3  current  limit  relays. 

1  D.  P.  S.  T.  60  amp.  control  switch,  with  enclosed 
fuses. 

Panel  3 : 

1  double  pole,  75  amp.  under  voltage  protective  con- 
tactor. 

2  triple  pole,  150  amp.  magnetic  contactors. 

Panel  4 : 

3  triple  pole   150  amp.  magnetic  contactors. 

Panel  5 : 

1  triple  pole  150  amp.  magnetic  contactor. 
1  triple  pole  300  amp.  magnetic  contactor. 
1  triple  pole  600  amp.  magnetic  contactor. 

The  600-amp.  contactor  is  the  only  one  of  the  eight 
triple  pole  switches  which  remains  closed  after  the  motor 
has  been  brought  up  to  speed. 

A  view  of  the  interior  of  the  lower  story  of  the 
control  house  is  shown  in  Fig.  6.  The  magnetically  oper- 
ated oil  immersed  high  voltage  contactors,  both  front  and 
rear  views  of  which  are  shown,  are  for  making  and 
breaking  the  circuit  through  the  motor  primaries.  These 
units  were  intended  for  reversing  service,  but  since  this 
feature  is  not  needed  in  this  case,  the  connections  were 
made  so  that  the  motor  runs  forward  when  either  one  of 
the  duplicate  switches  is  closed. 

In  Fig.  1  a  close  up  view  of  the  master  switch  lever 
handle  together  with  the  maxinuim  torque  push  button 
is  shown  located  on  the  wall  of  the  motor  pit.     The  mas- 


Fig.  6. 

ter  switch,  or  hand  controller,  has  six  points  forward  and 
reverse,  which  may  be  used  in  accelerating  the  motor  by 
hand,  or  the  lever  handle  may  be  thrown  at  once  in 
either  direction  and  the  magnetic  starter  will  automati- 
cally take  care  of  the  acceleration.  The  motor  runs 
forward  in  this  case  regardless  of  whether  the  control- 


ler handle  is  moved  to  the  forward  or  reverse  position. 
The  "maximum  torque  button"  is  for  use  in  event  the 
motor  may  not  develop  sufficient  torque  to  start  with  all 
the  resistance  in  circuit  with  the  secondaries;  a  touch  of 
this  button  will  close  the  third  accelerating  contactor  and 
thus  insure  starting  under  conditions  of  excessive  load. 

Safety  Stop  Buttons. 

For  each  of  the  motors  driving  benches  5  and  6  there 
are  two  stop  buttons;  those  for  No.  5  bench  are  located 
on  columns  near  each  end  of  the  bench ;  in  the  absence  of 


Fig.  7. 

colunms  along  the  side  of  No.  6  bench  the  two  push  but- 
tons, one  near  each  end  of  the  bench,  are  each  operated 
bv  a  chain  suspended  from  a  lever  supported  by  the  roof 
truss  Overhead. 

Pressure  on  one  of  these  buttons  opens  the  circuit 
through  the  coil  of  the  under  voltage  contactor  on  panel 
3  and  this  causes  all  switches  to  open  instantly,  stopping 
the  motor,  which  will  not  start  again  until  the  master 
switch  handle  is  returned  to  the  "ofT"  position. 

The  oflF  position  of  the  master  switch  serves  to  reset 
the  under  voltage  protective  contactor,  and  when  the 
motor  stops  from  any  cause  it  cannot  be  started  again 
until  the  master  switch  is  returned  to  this  position. 


FRACTURE  OF  WIRE   IN   STEEL  ROPE. 

This  was  the  subject  of  a  paper  recently  read  be- 
fore the  British  Association  by  Dr.  E.  M.  Horsburgh, 
in  which  the  principles  of  examination  and  possible 
solutions  of  rope  problems  were  involved.  One  section 
deals  with  the  system  of  forces  across  a  rope  section, 
as  compared  with  the  forces  in  system  of  flexible  cords 
sustaining  a  load.  Another  section  deals  with  the  rope 
modules  and  a  method  shown  whereby  an  analytical 
expression  might  be  fitted  to  curves.  Other  matters 
touched  upon  were  the  aggregate  strength  of  rope 
wires,  also  experiments  in  combined  stresses  re  ten- 
sion with  bending  and  with  torsion.  Attention  was 
also  drawn  to  fatigue  tests,  and  mathematical  grounds 
were  given  for  inferring  the  existence  of  a  fatigue 
stress.  An  instance  was  quoted,  where,  in  the  case  of 
a  rope  which  failed  after  2j^  years  service,  the  un- 
stressed and  stressed  portions  were  annealed,  froiH 
which  conclusive  evidence  was  obtained  of  fatigue  of 
the  wire,  and  that  the  fracture  was  not  due  to  sudden 
stress. 
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American  Rolling  Mills  For  France 

Description  and  Layout  of  the  Mills  Recently  Constructed  by  the 
United  Engineering  &  Foundry  Company  and  Shipped  to  the 
Acieries  de  la  Marine  et  Homecourt  of  France. 


AM  I-:RICAN  Ri)lling  Mill  Practice  is  rapidly  being 
adopted  by  France.  Heretofore,  the  majority  of 
French  steel  works  produced  a  very  wide  range 
of  products,  the  average  order  for  each  kind  of  prod- 
uct being  small.  On  this  account,  the  mills  had  to  lie 
adopted  for  this  class  of  production  and  were  mostly 
what  might  be  called  the  jobbing  variety.  In  other 
words,  their  problem  was  one  calling  for  a  variety  of 
])roduction   rather   than    a    large   tonnage    production. 


Fig.  1. 

Since  the  war,  F'rance  has  acquired  appro.ximately 
one-third  of  the  iron  ore  reserves  of  Europe.  In  order 
to  take  advantage  of  this  situation  and  to  promote  as 
rapidly  as  possible  the  prosperity  of  France  they  are 
changing  their  methods  and  introducing  specialty  or 
tonnage  mills.  Instead  of  working  independently, 
many  of  the  steel  plants  of  France  have  combined  so 
as  to  avoid  competing  with  each  other.     By  this  com- 


bining, they  were  enabled  to  devote  entire  plants  to 
the  production  of  a  few  lines  of  product — in  other 
words,  not  only  specializing  mills  but  also  specializing 
plants.  A  good  example  of  this  is  contained  in  the 
.Vcieries  de  la  Alarine  et  Homecourt.  France,  wherein 
the  Homecourt  Plant  will  be  devoted  entirely  to  plates 
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Fig.  2. 

and   small   liillets   while   the   Micheville  Plant  will  be 
devoted  almost  entirely  to  rails  and  structural  material. 

In  1919  this  French  combination  placed  with  the 
United  Engineering  &  Foundry  Company  of  Pitts- 
burgh, Pa.,  orders  for  five  separate  and  complete  units. 
For  the  Homecourt  Plant  1 — 44  in.  Blooming  Mill  and 
1 — IS   in.   Universal   Plate  Mill.      For  the   Alicheville 
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Fig.  3 — The  general  arrangement  of  the  44  in.  blooming  and  48  in.  universal  mill  for  Homecourt. 
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Plant  a  44  in.  Blooming  Mill,  a  Combination  Rail  & 
Structural  Mill  and  a  Cross  Country  Light  Structural 
Mill.  The  mills  for  Homecourt  are  shown  on  small 
scale  layout.  The  machinery  is  of  the  most  modern 
type.  The  Blooming  Mill  is  a  44-in.  Reversing  Type, 
a  most  noteworthy  feature  about  it  being  its  ability  to 
roll  slabs  50  in.  wide.  This  Blooming  Mill  will  roll 
slabs  for  a  48-in.  Universal  Mill  and  for  a  number  of 
Plate  Mills  to  be  built  in  the  future  ranging  from  84  in. 
up  to  132  in.  It  will  also  roll  blooms  for  a  Morgan  Con- 
tinuous Mill. 

The  question  of  lubrication  has  become  a  very  im- 
portant one  in  recent  years  and  the  mill  tables  on  this 
mill  were  designed  especially  with  this  end  in  view. 
Figure  1  shows  the  front  and  back  mill  tables  being 
erected  in  the  shop.  By  examining  the  photograph, 
you  will  note  that  the  line  shaft,  gears  and  bearings  are 
all  enclosed  in  an  oil  tight  case.     The  oil  is  pumped 
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Fig.  4. 

through  piping  to  each  bearing  and  set  of  gears.  After 
lubricating  the  parts,  the  oil  is  collected  and  returned 
to  a  filtering  tank  where  it  is  cleaned  and  used  over 
again. 

The  48-in.  Universal  Mill  is  of  the  2  High  Re- 
versing Type  and  is  shown  on  Figure  4.  It  was  de- 
signed to  cover  a  wide  range  of  universal  plate  and  will 
roll  these  in  sizes  from  11  in.  to  48  in.  wide.  It  was 
also  arranged  to  be  used  as  a  reversing  plate  mill.  The 
vertical  roll  attachments  were  especially  designed  for 
rapid  removal  so  that  the  mill  could  readily  be  changed 
from  a  universal  to  a  sheared  plate  mill. 

The  la3-out  of  the  auxiliary  machinery  for  both  the 
blooming:  mill  and  the  universal  mill  are  indicated  on 
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Fig.  6 — General  construction  of  light  structural  mills. 


the  small  plan.  The  structural  mills  for  Miche\-ille 
are  shown  on  the  small  scale  layout.  The  blooming- 
mill  is  a  44-in  reversing  type,  duplicate  of  the  one  for 
Homecourt  with  the  exception  of  the  shear  and  bloom 
handling  equipment.  The  combination  rail  and  struc- 
tural mill  which  is  set  tandem  to  the  44-in.  blooming 
mill  consists  of  a  2  high  reversing  36-in.  roughing 
stand,  28-in.  3  high  stands  of  rolls  and  1  stand  of  28-in. 
2  high  finishing  rolls.  The  general  design  of  the  44-in. 
blooming  mills  and  36-in.  roughing  mills  are  shown  on 
Figure  2.  They  all  consist  of  the  "United"  Patent  A 
Frame  Housing.  The  36-in.  roughing  mill  possesses 
one  feature  different  from  the  blooming  mills  and  that 
is  the  method  of  changing  rolls.  On  account  of  being 
used  as  a  roughing  stand  for  rail  and  structural  ma- 
terial, the  bottom  roll  must  have  very  large  collars. 
It  has  been  the  past  practice  to  make  roughing  mills 
of  this  type  with  removable  caps  or  else  the  windows 
of  the  mill  had  to  be  very  wide  in  order  to  remove  the 
rolls.  By  the  construction  shown  in  the  illustration 
it  was  possible  to  use  a  solid  top  housing  and  a  mill 
with  a  Yery  narrow  window.  The  bottom  part  of  the 
window  has  an  opening  large  enough  to  allow  the  roll 
to  pass  through.  The  roll  is  shown  mounted  in  its 
bearings,  partly  withdrawn  from  the  mill.  By  this 
construction,  a  simple,  sturdy  mill  is  obtained,  rapid 


roll  changing  is  accomplished,  short  roll  lengths  arc 
permitted  because  several  passes  can  be  taken  through 
the  same  groove  in  the  roll  due  to  the  fact  that  the  top 
roll  can  be  adjusted  for  each  pass  by  means  of  the 
screwdown.  The  28-in.  mills  are  equipped  with  all 
the  latest  handling  and  manipulating  devices  that  have 
been  invented  up  to  the  present  time  for  the  rapid  and 
automatic  handling  of  rail  and  structural  materials. 
The  light  structural  mill  consists  of  1 — 3  high  stand 
of  24-in.  rolls,  followed  by  a  2  high  20-in.  edging  stand, 
followed  by  2 — 3  high  stands  of  20-in.  rolls,  followed 
by  1  stand  of  2  high  20-in.  fTnishing  rolls.  The  24-in. 
stand  is  equipped  with  lifting  tables  and  "United" 
Automatic  Manipulator.  The  general  type  of  the  mill 
is  similar  to  the  one  installed  at  the  Clairton  Steel  Com- 
pany in  this  country.  It  is  equipped  with  (Jouble  hot 
bed  and  double  finishing  end  for  the  rapid  handling 
of  light  structural  material.  Angles,  flats,  small  beams 
and  channels  will  be  its  principal  products.  The  mill 
is  also  arranged  to  roll  light  mine  rails  40  lb.  and  under. 
The  general  construction  of  the  28-in. — 24-in.  and  20- 
in.  mills  are  as  shown  in  Figure  6.  The  rolls  and  guide 
equipment  was  furnished  complete.  All  of  the  auxiliary 
machinery,  such  as  tables,  transfers,  shears,  hot  beds, 
levelers,  etc.,  were  designed  and  built  complete. 
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The  Mansfield  Sheet  and  Tin  Plate 
Company's  New  Steel  Unit 

This  Company  Is  Now  Completing  Its  Steel  Making  Plant  Con- 
sisting of  Four  Open  Hearth  Furnaces,  Soaking  Pits,  a  32-Inch 
Mill  and  a  24-Inch  Sheet  Bar  Mill. 

By  CARL  W.   PEIRCE* 


A 


BOUT  seven  years  ago  the  old  National  Rolling 
Mills  Company  at  Mansheld,  Ohio,  was  taken  over 
by  W.  H.  Davey  and  his  brothers,  remodeled  and 
in  three  months  time  was  engaged  in  the  manufacture  of 
steel  sheets  under  the  name  of  the  Mansfield  Sheet  & 
Tin  Plate  Company.  The  old  concern,  which  consisted 
of  three  hot  mills,  housed  in  a  building  67x140  feet,  had 
only  operated  for  a  few  months  before  it  was  compelled 
to  shut  down  and  never  operated  afterward  as  the  Na- 
tional Rolling  Mills  Company. 

Under  the  management  of  Mr.  Davey  and  his  seven 
brothers,  all  of  whom  were  practical  sheet  mill  men,  the 
new  company  was  successful  from  the  start. 

From  time  to  time  additions  were  put  onto  the  old 
plant  so  that  today  the  building  is  167  feet  wide  by  940 
feet  long  and  houses  seven  tin  mills  with  their  accom- 
panying equipment. 

Early  in  the  year  1917  ground  was  broken  for  a  new 
sheet  mill  unit  which  was  located  south  of  the  old  plant 
and  on  the  other  side  of  the  Pennsylvania  railroad  tracks 
between  the  railroad  and  Bowman  street.  This  plant, 
which  was  built  mainly  for  the  manufacture  of  high  pol- 
ished sheets,  was  designed  and  built  under  the  supervi- 
sion of  Mr.  Austin  Davey,  chief  engineer  of  the  com- 
pany. The  building,  which  houses  12  sheet  mills  with 
their  pickling,  annealing  and  cold  roll  departments,  is 
226  feet  wide  by  1,039  feet  long.  This  plant  was  put  into 
operation  in  the  fall  of  1919. 

On  account  of  its  inability  to  get  a  satisfactory  de- 
livery of  sheet  bars,  the  company  in  the  fall  of  1919 
began  to  consider  the  advisability  of  building  their  own 
steel  making  unit.  A  piece  of  land  lying  between  the  B. 
&  O.  and  Pennsylvania  railroads  and  joining  the  com- 
pany's property  was  occupied  by  two  hills  which  it  was 
necessary  to  remove.  It  was  selected  on  account  of  its 
railroad  connections  and  its  proximity  to  the  other  two 
parts  of  the  plant. 

In  March,  1920,  the  Fred  R.  Jones  Construction 
Company  with  three  steam  shovels  started  to  prepare  the 
site  for  a  steel  unit  large  enough  to  produce  what  bars 
the  sheet  and  tin  mills  would  consume  and  the  work  of 
designing  the  unit  w-as  begun.  This  work  was  done  by 
Mr.  F.  A.  Davey,  chief  engineer,  and  Mr.  Carl  Pierce, 
open  hearth  superintendent,  vi'ith  Mr.  Frank  I.  Ellis  of 
Pittsburgh  as  consulting  engineer.  Mr.  J.  Coursin  was 
in  charge  of  the  field  work. 

Plans  were  drawn  for  an  open  hearth  of  four  80- 
ton  furnaces  with  covered  stock  houses  and  a  rolling 
mill   department   consisting  of   soaking  pits,   a   32-inch 


*Mr.   Peirce  is  open  hearth  superintendent  for  the  Mans- 
field Sheet  &  Tin  Plate  Company. 


mill  for  breaking  down  the  ingots  and  a  24-inch  sheet 
bar  mill.  On  account  of  the  product  of  the  mills  being 
mainly  high  polished  sheets,  it  was  the  desire  of  the 
president  of  the  company  that  the  steel  should  be  poured 
by  the  bottom-cast  method  in  order  to  guarantee  a  high 
grade  sheet  bar. 

The  general  layout  plan  shows  the  relation  of  the 
steel  plant  to  the  tin  mills  and  of  the  open  hearth  and 
rolling  mill  units  indicating  in  dotted  line  the  future 
furnace  extensions. 

In  view  of  the  peculiar  shape  of  the  land  it  was  early 
decided  to  leave  a  part  of  the  hill  on  the  west  side  of 
the  property  and  place  tha  stock  yard  upon  it,  bringing 
it  on  a  level  with  the  open  hearth  charging  floor  and 
parallel  to  that  building.  In  making  the  crossovers  from 
the  stock  yard  to  the  open  hearth  a  new  arrangement  has 
been  used.  Instead  of  pulling  out  from  the  end  of  the 
stock  yard  and  entering  the  charging  floor  at  the  ends,  a 
double  crossover  track  extends  from  each  end  of  the 
stock  yard  and  crosses  to  the  opposite  end  of  the  charg- 
ing floor,  the  crossovers  connecting  with  the  furnace 
track  between  furnaces  Nos.  1  and  2  and  between  3 
and  4.  The  advantage  of  this  type  of  construction  is  that 
the  stock  yard  engine  is  able  to  deliver  a  drag  of  loaded 
pans  on  the  furnace  track  over  one  crossover,  then  back 
down  the  floor  and  remove  the  empty  pan  cars  to  the 
stock  house  over  the  other  crossover,  performing  the 
two  functions  by  the  one  shift.  By  this  arrangement, 
too,  it  is  impossible  to  have  a  furnace  blocked  from 
charging  because  another  furnace  between  it  and  the 
stockhouse  inlet  is  being  charged,  as  the  charge  can  come 
in  over  the  other  crossover. 

The  buildings  furnished  by  the  McClintic-Marshall 
Company  are  of  strong,  sturdy  construction  in  keeping 
with  the  other  equipment  of  the  plant.  In  the  stock 
yard  building,  which  is  77  feet  wide  by  300  feet  long,  is 
a  20-ton  crane  for  loading  the  charges.  The  first  two 
bays  at  the  south  end  of  this  building  are  occupied  by 
large  concrete  bins  for  the  storage  of  limestone,  raw 
dolomite,  and  iron  ore.  Two  tracks  run  through  the 
east  side  of  the  building,  the  one  nearest  the  open  hearth 
being  used  for  loading  the  charging  pans  and  is  on  a  level 
with  the  charging  floor ;  the  other  track  used  for  loading 
is  four  feet  lower.  This  arrangement  brings  the  tops  of 
the  gondola  cars  of  scrap  and  the  charging  pans  on  the 
same  level.  This  latter  track  being  four  feet  lower  than 
the  loading  track  decreases  by  this  amount  the  grade  of 
the  track  leading  from  the  mill  level  into  the  stock  house. 
On  the  brow  of  the  hill  outside  the  stock  house  and  be- 
tween it  and  the  open  hearth  are  two  tracks,  one  being 
used  as  a  storage  track,  the  other  nearest  the  stockhouse 
as  a  run  around  track  in  going  from  one  end  of  the  stock 
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house  to  the  other.  A  75-ton  two-section  scale  with 
self-indicating  Weightograph  attachment  furnished  by 
the  ButTalo  Scale  Company,  ButTalo,  N.  Y.,  and  located 
on  the  loading  track  midway  between  the  crossovers  will 
weigh  all  charges.  A  150-ton  4-section  railroad  track 
scale,  furnished  by  the  same  company,  is  located  in  the 
yard  between  the  north  plant  and  the  R.  &  O.  railroad. 
The  charging  pan  and  ingot  cars,  furnished  by  the  Pitts- 
burgh Steel  Foundry  Company,  are  of  skeleton  steel 
casting  type  equipped  with  Hyatt  Roller  bearings  and 
with  a  patent  coupling  device  designed  by  the  foundry 
company.  These  cars,  in  addition  to  all  mill  cranes  and 
run  out  tables,  will  be  lubricated  by  the  Adkins  Lubri- 
cating System,  Canton,  Ohio. 

Between  the  stock  yard  building  and  just  outside 
the  valve  cellar  wall  of  the  O.  H.  is  a  depressed  track  to 
allow  for  passage  of  cars  under  the  crossover  tracks  lead- 
ing from  the  stockhouse  to  the  O.  H.  Space  has  been 
left  on  the  mill  level  between  the  depressed  track  and 
the  stock  house  for  a  future  installation  of  gas  producers. 
The  depressed  track  also  permits  the  wheeling  of  dirt 
directly  onto  the  cars  when  the  furnace  regenerators  are 
clearjed  or  for  the  removal  of  ashes  from  the  gas  pro- 
ducers. 

The  open  hearth  building  housing  the  four  85-ton  fur- 
naces is  360  feet  long,  with  a  pouring  aisle  65  feet  wide 
and  a  25-foot  leanto  over  the  valve  cellar.  The  charging 
floor  which  is  16  feet  above  mill  level  has  its  furnace 
track  6  ft.  6  in.  center  from  the  front  of  the  furnace,  per- 
miitting  the  passage  of  standard  gauge  cars  over  it.  This 
arrangement  permits  the  dumping  of  iron  ore  and  lime- 
stone through  the  tail  trestles  at  each  end  of  the  charging 
floor  and  will  permit  the  unloading  of  a  car  of  brick  at 
a  furnace  when  it  is  under  repairs. 

The  85-ton  O.  H.  furnaces  which  are  being  built  by 
the  S.  R.  Smythe  &  Company,  Pittsburgh  engineers  and 
furnace  builders,  are  at  80-foot  centers  in  the  building 
and  are  65  ft.  3  in.  long  over  the  brickwork,  having  a 
hearth  15  ft.  by  35  in.  by  5  ft.  deep.  They  have  been 
designed  to  burn  either  oil  or  natural  gas  as  fuel.  They 
will  be  started  out  on  oil,  five  100,000-gallon  tanks  hav- 
ing been  provided  for  oil  storage.  The  furnace  hearths 
are  supported  upon  two  piers  8  ft.  7j/2  in.  by  17  ft.  7y2 
in.  by  15  ft.  334  in.  high  placed  19  feet  apart.  These 
piers  are  made  of  18  inches  of  wire  cut  brick  on  the  out- 
side and  the  center  filled  with  concrete.  On  these  piers 
are  placed  ten  20-in.  80-lb.  beams  with  12-in.  cross  chan- 
nels, the  channels  forming  the  bottom  of  the  pan  upon 
which  the  hearth  is  built.  The  chills  at  the  end  of  the 
hearth  are  made  of  plates  and  angles  properly  braced. 

The  buckstays  supporting  the  hearth  and  roof  are 
made  of  15-in.  beams  and  channels,  the  latter  reinforced 
by  one-inch  plates  riveted  to  them.  The  front  and  back 
of  the  furnace  pan  between  the  buckstays  is  m!ade  -of 
heavy  iron  castings  properly  ribbed.  The  door  castings 
are  designed  with  the  front  corner  cut  away  for  the  in- 
stallation of  a  4-inch  water  line  to  care  for  the  waste 
water  from  the  doors,  this  arrangement  providing  for  a 
very  short  connection  from  the  door  to  the  telescope  pipe. 

The  port-ends  and  regenerators  are  bound  with  12- 
in.  beams  and  channels  properly  reinforced.  The  furnace 
regenerators  are  22  ft.  lOj^  in.  long  and  9  ft.  high  from 
the  top  of  the  rider  walls  to  the  square  of  the  arch,  the 
gas  chambers  being  7  ft.  IJ/2  in.  and  the  air  chambers 
12  ft.  lOj/2  in.  wide  with  a  3-foot  wall  between  them.  The 
flues  leading  from  the  regenerators  to  the  valves  are  of 
the  standard  design  for  36-in.  gas  and  42-in.  valves  of 
the  Blair  Engineering  Company  design  with  which  the 


furnaces  are  equipped.  Waste  heat  boilers  of  500  hp. 
each  and  built  by  the  Erie  City  Iron  Works,  Erie,  Pa., 
have  been  installed  on  furnaces  Nos.  3  and  4,  for  utiliz- 
ing the  heat  from  the  waste  gases  from  the  furnaces,  6U- 
in.  Blair  valves  making  the  connections  between  the  fur- 
naces, the  boilers  and  the  stacks.  Mechanical  draft  for 
the  boilers  is  furnished  by  7  ft.  6  in.  Sturtevant  fans 
driven  by  steam  turbines.  The  fans  and  turbines  are 
located  on  the  lean-to  floor  adjoining  the  boilers. 

The  furnaces  are  provided  with  five  electrically  oper- 
ated charging  doors  of  the  Kno.x  water-cooled  type,  the 
middle  door  opening  being  48  in.  wide  by  45  in.  high, 
the  others  being  42.x42  in.  The  motors  and  drums  con- 
trolling these  doors  are  located  on  platforms  underneath 
the  charging  floor  and  just  back  of  the  regenerators. 

A  5-ton  high  type  charging  machine  of  Alliance  Ma- 
chine Company  make  with  track  span  of  14  ft.  6  in.  has 
been  installed  to  charge  the  furnaces.  This  machine  is 
designed  with  a  two-foot  clearance  between  the  charg- 
ing rails  and  the  lower  framework  of  the  machine.  The 
furnace  aisle  has  been  designed  for  the  future  installa- 
tion of  an  overhead  crane. 

The  charging  floor  between  the  furnaces  slopes  grad- 
ually to  the  platform  behind  the  furnaces  which  is  on  a 
level  with  the  tapping  hole  platforms.  Six-ton  electric 
jib-cranes  furnished  by  the  Pittsburgh  Crane  &  Equip- 
ment Company  are  at  the  back  of  each  furnace  for  the 
removal  of  the  tapping  spots,  which  are  of  the  V-shaped 
steel  casting  type. 

On  account  of  the  steel  being  poured  by  the  bottom 
cast  method,  the  pouring  aisle  is  traversed  by  only  one 
track  which*  will  serve  alike  for  the  removal  of  ingots 
to  the  pits,  the  east  side  of  the  building,  on  the  floor  in 
front  of  which  are  placed  the  pouring  plates.  These 
plates  are  8  ft.  4  in.  square  and  designed  to  permit  the 
pouring  of  12  14x1 5-in.  ingots  from  one  fountain.  Five 
plates  will  be  required  to  handle  the  output  of  each  heat, 
the  two  pouring  platforms  being  long  enough  to  accom- 
modate 25  pouring  plates.  Between  the  two  platforms 
is  a  hydraulic  stripper  for  pushing  out  sticking  ingots. 
This  stripper  is  equipped  with  a  motor  driven  pump, 
making  it  a  self-contained  unit.  The  90-ton  ladles  of 
modern  design  with  sloping  bottoms  and  the  nozzle  at 
the  lowest  point  were  made  by  the  Treadwell  Construc- 
tion Company,  Midland,  Pa. 

The  pouring  aisle  is  provided  with  a  125-ton  main 
hoist  ladle  crane  with  a  25-ton  auxiliary  trolley,  and  a 
5-ton  stiff-leg  crane  of  the  soaking-pit  type,  both  of 
Alliance  Machine  Company  make.  The  stiff-leg  crane 
was  designed  to  be  able  to  strip  molds  from  the  ingot, 
twist  the  latter  from  the  bottom  roots  and  pile  on  the 
cars  for  delivery  to  the  soaking-pits  in  addition  to  set- 
ting the  molds  back  on  the  pouring  plates.  This  method 
of  handling  bottom-poured  ingots  guarantees  their  de- 
livery to  the  soaking-pits  as  quickly  as  though  they  were 
top-poured. 

The  overflow  of  slag  from  the  ladles  will  be  caughi 
in  large  steel  casting  boxes  of  the  truncated  pyramid 
type,  having  a  capacity  of  165  cubic  feet  and  placed  on 
the  floor  alongside  the  ladles.  After  the  slag  is  suffi- 
ciently cooled  for  transportation,  the  box  with  its  con- 
tents is  placed  on  a  specially  designed  side  dump  car 
large  enough  to  hold  one  slag  chunk,  the  box  is  then 
stripped  from  the  chunk,  leaving  it  on  the  car  ready  for 
transportation  to  the  slag  dump.  The  small  dirt  will  be 
handled  in  12-yard  side  sump  cars.  A  grinding  house 
with  heavy  duty  9-foot  pan  is  on  the  mill  level  and  joins 
the  pouring  aisle  at  the  south  end. 
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Fig-  1 — Stock  house,  open  hearth  building  and  rolling  mill 
building. 

Fig.  2 — View  of  mill  building  showing  stand  pipe  under  erec- 
tion and  soaking  pits  and  gas  producer  buildings  in 
background. 

Fig.  3 — View  from  stock  yard  scales  showing  one  of  cross- 
overs, waste  heat  boilers  and  soaking  pit  and  mill  build- 
ings in  background. 


Fig.  4 — View  of  mill  showing  bar  piler  in  foreground,  l"x8" 
shear,  and  24"  slick  mill  in  background. 

Fig.  5 — View  of  interior  of  the  mill  building. 

Fig.  6 — View  through   bar  mill   building  before   starting  the 
erection  of  mills. 
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At  the  south  end  of  the  pouring  aisle  and  at  a  level 
with  the  top  of  the  crane  girders  is  a  repair  platform, 
arrangements  having  been  made  for  the  future  installa- 
tion of  a  mono-rail  and  crane  for  serving  cranes  in  both 
the  charging  and  pouring  aisles.  An  escape  platform 
has  been  provided  for  the  ladle  crane  operators  above  the 
pouring  platform  and  on  a  level  with  the  crane  cab,  ex- 
tending the  entire  length  of  the  building.  This  platform 
has  a  runway  outside  the  building  with  steps  leading  to  the 
ground  to  allow  operators  to  escape  in  case  of  a  bad  spill. 

From  the  pouring  aisle,  the  ingots  are  taken  to  the 
soaking-pit  building  which  with  the  mill  building  lies  to 
the  east  of  the  open  hearth  and  runs  parallel  to  it,  a 
space  of  100  feet  separating  the  open  hearth  and  mill 
buildings.  The  soaking  pit  building,  which  is  192  feet 
long  by  77  feet  wide,  and  with  a  20-ft.  lean-to  over  the 
valve  cellar,  houses  three  pit  furnaces  of  four  holes  5  ft. 
6  in.  by  8  ft.  each,  built  by  the  Smythe  Company.  The 
arrangement  of  the  pit  holes  is  opposite  to  that  of  the 
usual  design,  the  12  holes  being  in  line  with  the  length 
of  the  building,  the  covers  being  designed  to  back  into 
the  lean-to  building  when  open  so  as  to  be  out  of  the 
way  of  possible  damage  from  the  crane.  This  arrange- 
ment also  permits  the  use  of  a  tunnel  running  under 
the  line  of  the  12  pits,  which  is  served  by  track,  slag 
cars  and  boxes.  Between  each  two  pits  is  an  opening  for 
the  removal  of  the  slag  boxes  by  the  crane.  The  pit 
covers  are  operated  by  a  special  design  of  a  shaft  driven 
by  a  motor  with  a  separate  clutch  for  each  cover.  By  this 
arrangement  one  motor  will  operate  the  four  covers  of 
each  furnace.  These  furnaces  are  designed  to  operate 
without  regenerating  the  gas,  no  checkers  being  placed 
in  the  gas  chambers  and  all  outgoing  gases  passing 
through  the  air  regenerators.  These  furnaces  are  very 
strongly  reinforced  with  three  sections  of  20-in.  beams 
with  9-in.  vertical  channels.  The  bottom  structure  of  the 
pit  holes  consists  of  2-in.  cast  iron  plates  resting  on  12- 
in.  beams.  The  valves  are  of  the  ordinary  butterfly 
type.  The  stacks  are  self-supporting  and  are  4  ft.  6  in. 
in  diameter  and  120  ft.  high- 

At  the  east  of  the  soaking  pits  and  at  the  rear  of  the 
stacks  is  a  gas  producer  building  housing  three  10  ft.  6 
in.  stationary  producers  equipped  with  direct  drive  Chap- 
man agitators  built  by  the  Chapman  Engineering  Com- 
pany, Mt.  Vernon,  Ohio,  which  will  furnish  gas  for  heat- 
ing the  ingots.  Over  each  producer  is  a  large  steel  coal 
hopper  of  50-ton  capacity,  served  by  a  5-ton  Northern 
crane  and  grab  bucket.  The  coal  is  delivered  to  the  gas 
producers  over  a  trestle  from  which  it  is  dumped  into 
a  hopper,  crushed  and  conveyed  to  a  bin  under  the  gas 
producer  crane.  The  single  roll  crusher  and  belt  con- 
veyor are  of  standard  design  and  built  by  the  Webster 
Company,  Tiffin,  Ohio.  Between  the  soaking-pit  stacks 
and  the  gas  house  cellar  is  a  depressed  track  which  per- 
mits the  wheeling  of  the  ashes  directly  onto  a  side  dump 
car. 

In  the  soaking-pit  building  and  to  the  west  of  the 
pits  are  three  tracks,  the  two  on  the  outside  for  the  de- 
livery of  ingots  from  the  open  hearth  and  the  one  near- 
est the  pits  for  the  ingot  chariot.  This  building  is  served 
by  a  5-ton  standard  type  soaking  pit  crane  of  Alliance 
Machine  Company  make.  From  the  pits  the  ingots  are 
carried  by  a  motor  driven  chariot,  built  by  the  United 
Engineering  &  Foundry  Company,  and  delivered  on  the 
approach  table  leading  to  the  32-in.  mill  which  is  of  the 
3-high  type  built  by  the  W'm.  Todd  &  Company,  Youngs- 
town,  Ohio. 

The  motor  driving  this  mill  is  a  2,000-hp.  240-rpm. 


2,200-volt  a.c.  type  of  General  Electric  make,  the  power 
passing  through  a  20-ton  flywheel,  a  5  to  1  reduction  gear 
built  by  the  Al  organ  Construction  Company,  then  through 
the  pinion  housing  to  .the  rolls,  the  hydraulic  lift  tables 
are  operated  by  an  Aldrich  600-lb.  pressure  pump  and 
accumulator,  the  table  on  entering  side  being  served  by 
a  manipulator  car  with  Angers  for  turning  the  ingots. 

The  14.xl5-in.  ingots  will  be  reduced  in  11  passes,  the 
last  an  edging  pass  to  2y2x7 i/i-'m.  bars,  after  which  they 
pass  to  an  8x8-in.  motor  driven  Mesta  shear,  from  which 
the  cut  bars  pass  to  a  24-in.  Slick  patent  sheet  bar  mill 
made  by  the  United  Engineering  &  Foundry  Company. 
The  runout  tables  between  these  mills,  the  rolls  of  which 
are  equipped  with  Hyatt  roller  bearings,  were  made  by 
the  \Voodard  Machine  Company,  W'ooster,  Ohio,  and 
lubricated  by  the  Adkins  System,  Canton,  Ohio. 

The  24-in.  mill  motor  is  of  a  2.500-hp.  240-rpm.  2,000- 
volt  a.c.  type,  also  of  General  Electric  make,  the  power 
passing  through  a  40-ton  flywheel,  then  through  the  re- 
duction gear  and  pinions  to  a  3-high  stand  in  which  the 
bars  make  four  passes,  being  carried  from  the  lower  to 
the  upper  passes  by  a  series  of  chutes  which  form  the 
basis  of  the  Slick  patent.  From  the  final  pass  in  the 
3-high  the  bars  are  shoved  over  to  the  final  pass  m  the 
2-high  stand  by  a  hydraulic  arc.  Both  stands  of  rolls 
in  this  mill  are  in  line  and  run  by  the  one  motor. 

The  bars  after  leaving  the  24-in.  mill  are  conveyed 
by  pinch  rolls  and  chutes  to  a  lx8-in.  shear  made  by  the 
Cleveland  Punch  &  Shear  Company  and  from  there  to  a 
Kennedy  bar  piler  made  by  the  United  Engineering  & 
Foundry  Company.  Ample  cooling  beds  occupy  the 
space  between  the  bar  piler  and  the  end  of  the  building. 
The  mill  building,  which  is  850  feet  long  by  55  feet  wide, 
is  served  by  a  25-ton  and  a  10-ton  crane  of  Alliance  Ma- 
chine Company  make. 

The  control  on  all  cranes  has  been  furnished  by  the 
Electric  Controller  &  Manufacturing  Company,  Cleve- 
land, Ohio,  the  general  control  by  the  Westinghouse 
Company,  all  small  motors  and  main  switchboard  by  the 
Westinghouse  Electric  &  Manufacturing  Company.  The 
.yard  work  is  served  by  a  20-ton,  50-ft.  boom  McMyler 
crane  and  a  40-ton  saddle  tank  American  locomotive. 
In  the  general  layout  of  the  plant,  attention  has  been 
given  to  sewers,  water  and  power  conditions.  A  36-in. 
reinforced  concrete  sewer  into  which  empties  two  24- 
in.  sewers  from  the  open  hearth  and  mills  and  running 
west  from  the  creek  across  the  north  end  of  the  future 
extension  of  the  open  hearth  will  care  for  all  waste 
water.  A  concrete  dam  with  two  4-ft.  flood  gates  has 
been  placed  in  the  creek  near  the  B.  &  O.  tracks,  and  the 
creek  widened  above  the  dam  to  accommodate  a  water 
storage  of  6,000,000  gallons.  In  the  pump  house  adjoin- 
ing the  dam  are  two  10-in.  2,000  per  minute  Manistee 
centrifugal  pumps  which  pump  the  water  through  a  12- 
inch  line  to  a  300,000  gallon  standpipe  located  at  the 
south  end  of  the  bar  mill  building.  .^11  water  will  be 
measured  through  a  Venturi  tube,  giving  an  accurate 
estimate  of  the  total  water  consuniptioti. 

In  the  32-in.  mill  motor  room  has  been  installed  a 
600-kw.  motor  generator  set  of  General  Electric  make 
and  a  400-kw.  steam  generator  set  to  insure  sufficient 
power  to  operate  all  cranes  in  case  the  power  should  be 
shut  off  by  our  outside  source  of  supply. 

The  output  of  the  mill  unit,  which  will  consist  mainly 
of  high  grade  sheet  bar  for  the  manufacture  of  high 
polished  sheets,  will  be  approximately  10,000  tons  of 
bars  per  month. 
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given  to  the  elimination  of  hand  labor  by  the  substitu- 
tion of  machinery  and  labor  saving  devices.  The  loca- 
tion of  the  plant,  too,  is  particularly  well  chosen  as  it 
has  railroad  connections  with  three  trunk  line  roads, 
the  Pennsylvania  railroad,  the  the  B.  &  O.  and  the  Erie, 
and  as  it  is  the  only  steel  niakins^  unit  in  the  district 


lying  north  of  Columbus  and  between  Cleveland-Can- 
ton on  the  east,  and  Gary,  Ind.,  on  the  west,  it  has  a 
marked  advantage  in  freight  rates  on  the  steel  scrap 
produced  in  this  district.  It  is  also  close  to  its  supply 
of  pig  iron,  limestone  and  coal.  Its  operation  should 
add  much  to  the  industrial  life  of  Mansfield. 


The  Influence  of  Furnace  Design  on 
Quality  and  Cost  of  Product 


THE  ultimate  cost  of  a  finished  product  of  given 
quality  is  governed  by  the  cost  of  operation  as  in- 
fluenced by  the  rate  of  production. 

Because  of  the  many  variable  factors  governing  the 
quality  and  cost  of  product,  the  selection  of  furnace 
equipment  and  the  selection  of  fuel,  consistent  efforts 
to  reduce  cost  of  production  require  a  thorough  study 
of  heat-treatment  methods,  manufacturing  require- 
ments and  plant  conditions. 

The  influence  of  furnace  design  on  the  quality  and 
cost  of  product  is  illustrated  by  the  diagrams  which 
are  example  from  actual  practice. 

These  diagrams  illustrate  the  economy  attainable 
by  the  use  of  furnaces  of  improved  design,  the  selection 
of  which  is  based  upon  an  intelligent  study  of  the 
manufacturing  problem  as  a  whole.  They  also  illus- 
trate the  economic  weakness  of  the  far  too  common 
practice  of  basing  selection  only  on  price  or  form  of 
fuel,  equipment  or  labor:  quantity  of  output:  tempera- 
ture control,  etc.,  without  reference  to  other  equally 
essential  factors. 

There  are  no  fixed  standards  determining  definitely 
the  proper  form  of  equipment  or  fuel.  Each  must  be 
selected  with  reference  to  the  other,  and  the  combina- 
tion adapted  to  the  heating  process,  manufacturing  re- 
quirements and  plant  conditions. 

Frequently  it  is  possible  to  better  the  quality  of 
product  by  adapting  an  improved  method  of  heating 
or  cooling  to  existing  conditions.  A  different  type  or 
arrangement  of  furnace  equipment  may  decrease  labor, 
fuel  and  time  ;  utilize  the  floor  space  to  better  advan- 
tage ;  and  provide  more  comfortable  working  condi- 
tions. This  generally  results  in  an  increased  output 
and  lowered  production  cost  even  with  the  same  unit 
prices  for  fuel,  labor  and  power,  without  necessarily  re- 
quiring new  building  construction. 

Requirements  for  quality  should  determine  the 
method  of  heat  application.  With  this  as  a  basis,  the 
])roduction  requirements  and  plant  conditions  should 
determine  the  type,  size,  number  and  arrangement  of 
furnaces  ;  the  form  of  fuel  or  electrical  energy  :  and  the 
methods  of  routing  and  handling  the  material. 

It  is  a  common  but  misleading  assumption  that  con- 
trol of  chamber  temperature  or  of  heat  supply  is 
synonymous  with  control  of  heated  product.  On  the 
contrary,  control  of  the  generation  of  heat  is  not  equiv- 
alent to  control  of  the  application  of  heat,  or  to  control 
of  the  uniformity  of  product.  Other  essential  factors 
influence  quality  and  ultimate  cost  of  production. 

From  W.  S.  Rodcwell  Bulletin  No.  230.    Copyrighted.  1921. 


The  comparative  ease  of  controlling  electricity,  gas 
or  oil  is  frequently  considered  as  the  determinative 
factor  in  the  selection  of  heating  equipment,  regard- 
less of  a  material  diiiference  in  price  of  other  forms  of 
heat  energy  or  equipment. 

Automatic  control  of  the  delivery  of  coal  through 
stokers  or  in  powdered  form ;  of  gases,  oil  or  steam 
through  automatic  valves ;  or  of  electricity  through 
various  forms  of  regulating  devices,  may  result  in  con- 
trol of  the  generation  of  heat,  but  does  not  necessarily 
determine  the  use  made  of  the  heat. 

The  question  of  control  involves :  Control  of  sup- 
ply of  fuel  to  the  furnace ;  control  of  supply  of  heat 
to  the  working  chamber ;  and  control  of  heat  actually 
applied  to  the  product.  The  influence  of  furnace  de- 
sign upon  the  application  and  utilization  of  heat  in  the 
product  is  far-reaching. 

There  is  a  radical  difference  between  the  arc,  in- 
duction, and  resistance  methods  of  generating  heat  by 
electricity.  There  is  even  a  distinction  within  each  of 
these  broad  groups.  With  the  resistance  method,  for 
example,  the  heat  may  be  generated  by  means  of  me- 
tallic resistors  distributed  on  the  walls  of  the  furnace 
or  by  other  forms  of  resistance  material  the  nature  of 
which  prohibit  such  distribution.  In  each  instance  the 
furnace  design  must  be  adapted  to  the  method  of  gen- 
erating and  delivering  heat  to  the  working  chamber. 

It  is  thus  apparent  that  the  practice  of  associating 
a  given  form  of  fuel  or  electricity  with  quality  or  low 
cost  of  production  is  misleading,  unless  there  is  definite 
reference  to  the  form  of  furnace  and  method  of  heat 
application. 

This  fact  may  be  illustrated  by  an  unusual  case 
which  involved  a  comparatively  efficient  type  of  fur- 
nace fired  manually  with  bituminous  coal,  and  three 
less  efficient  furnaces,  one  fired  with  oil,  another  with 
natural  gas  and  the  last  heated  electrically  through 
metallic  resistors  with  suitable  control  devices.  With 
all  other  conditions  alike,  it  was  conclusively  proved 
that  the  quality  and  cost  of  the  product  were  most 
favorable  with  the  coal-fired  furnace. 

This  example,  however,  does  not  prove  that  any  one 
method  of  generating  heat  is  superior.  In  this  instance 
the  difference  in  results  was  due  to  the  better  design 
and  operation  of  the  coal-fired  furnace,  and  the  manner 
of  applying  and  utilizing  the  heat.  In  one  case,  the 
apparent  disadvantage  of  a  crude  form  of  fuel  was  over- 
come by  an  efficient  furnace,  while  in  the  others  the 
apparent  advantages  of  the  more  flexible  forms  of  fuel, 
and  particularly  the  advantage  of  electricity  with  con- 
trol devices,  were  neutralized  by  inefficient  furnaces. 
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Power  in  the  Steel  Industry  During  1921 

During  the  Year  Power  Developments  and  Improvements  Were 
Made  and  Future  Improvements  Were  Authorized — Steam  Povi^er 
for  Steel  Plants  Must  Be  Centralized  into  Single  Large  Stations. 

By  F.  J.  CROLIUS,  Steam  Engineer 
Homestead  Works,  Carnegie  Steel  Company,  Munhall,  Pa. 


THE  year  1921  will  long  be  remembered  in  the  steel 
industry  as  one  of  acute  contraction,  sharp  reduc- 
tion in  output,  high  comparative  production  costs 
and  forced  economies.  Wastes  of  labor,  materials,  time 
and  fuels  stood  out  in  stark  contrast  when  charged 
against  curtailed  output.  Power,  which  has  alwa3's  been 
relegated  to  the  background,  an  undesirable  necessity,  a 
mere  means  to  an  end,  was  brought  vividly  into  the  fore- 
ground, as  a  function  of  extreme  importance,  worthy  of 
constructive  thought,  a  definite  source  of  profitable  re- 
covery. 

Looking  back  upon  1921,  our  impression  is  one  of  a 
long  delayed,  much  desired  "breathing  spell  when,  after 
a  mad  race  against  time  and  production,  we  are  given  a 


Fig.   1 — Heat  balance   (Colfax). 

chance  to  breathe  and  think  and  recover  equilibrium,  a 
chance  to  strengthen  our  fabric  for  the  continuance  of 
the  competition. 

And  so,  through  the  mists  of  depression,  the  sun 
shines  forth  through  a  number  of  defined  tendencies, 
and  though  production  was  at  times  and  places  nearly 
stagnant,  though  facilities  for  production  remained  con- 
stant, power  developments  and  improvements  were  "car- 
ried on"  and  further  developments  authorized. 

A  glance  at  the  general  power  field  will  indicate  the 
reasons  for  these  influences. 

Two  major  forces  have  been  at  work,  the  forces  of 
distribution  and  the  forces  of  concentration.  The  steel 
plant  has  been  developed  mainly  under  the  forces  of 
distribution. 

Steam  driven  power  units  of  comparatively  small 
sizes  could  be  operated  advantageously  in  scattered  units. 

Blast  furnace  gases  were  utilized  locally,  waste  heat 
recoveries  were  widely  scattered  small  individual  sources. 
Coke  recoveries  were  deemed  unimportant. 


These  widely  distributed  points  of  generation  lent 
themselves  to  the  super-power  idea,  but  as  a  heat-balance 
the  unrecovered  exhaust  presented  a  problem  difiicult  of 
immediate  solution. 

Tieing  together  distributed  sources  of  steam  genera- 
tion through  long  steam  lines,  while  utilizing  the  benefits 
of  super-power  in  averaging  out  the  load,  imposed  the 
constant  penalty  of  high  condensation  losses,  and  sub- 
jected the  total  system  to  the  iiiiniinitin  pressures  on  that 
system. 

The  advent  of  the  motor  drive  pointed  the  way  to  a 
solution. 

The  forces  of  concentration  then  became  operative  in 
the  steel  industry,  and  the  influences  which  have  made 
central  station  practice  an  accepted  standard  bore  fruit. 
It  became  clearly  recognized  that  the  same  kind  of  steam 
must  be  produced  in  steel  mills  as  in  central  stations. 

Where  before  steam  making  was  a  mechanical  art, 
today  steam  power  production  is  approaching  an  exact 
science,  the  era  of  the  heat-balance  has  arrived. 

When  the  full  force  of  this  concentration  of  power 
has  been  developed  and  applied  a  revolution  in  steel  and 
iron  will  have  been  effected. 

At  this  point  it  may  be  relevant  to  visualize  a  typical 
heat-balance  of  the  most  modern  power-plant — the  Col- 
fax plant  of  the  Duquesne  Light  Company.     (Fig.  1.) 

Analysis  of  this  will  indicate  the  values  of  recovered 
wastes — for  therein  lies  the  secret  of  heat-balance. 

Applied  to  the  steel  and  iron  industry,  this  form  of 
comparison  brings  forth  a  number  of  significant  facts, 
certain  recoverable  wastes  are  enormous: 

1.  Wastes  from  coke  produced  in  other  than  by- 
product ovens. 

2.  Wastes  from  steam  produced  in  small,  ineffi- 
cient boiler  units. 

3.  Wastes  from  steam  utilized  in  small,  inefficient 
engine  units,  and  high  pressure  steam  used  in  heating. 

4.  Wastes  from  steam  driven  equipment — re- 
placeable by  motors. 

5.  Wastes  of  water  by  leaks  and  misuse,  neces- 
sitating excess  pumpage,  and  the  pumping  of  water 
by  wasteful  steam  units. 

6.  Wastes  of  valuable  heat-units  in  metallurgi- 
cal processes. 

7.  Wastes  of  exhaust  steam  and  heat  from  con- 
densers. 

Space  does  not  permit  detailed  discussion  of  these 
several  known  evils,  nor  is  it  even  necessary  to  point 
them  out  to  engineers.  Constant  reiteration  may  serve 
to  draw  attention  to  them.  Few  seem  to  realize  their 
magnitude,  however.     Fig.  2  is  an  attempt  to  present  a 
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picture  of  recoverable  wastes  in  the  sequence  of  iron 
and  steel  processes.  As  a  basis,  a  given  amount  of  coal 
is  charged  at  by-product  ovens ;  the  recovered  coke  is 
charged  to  produce  its  normal  iron  equivalent. 

This  iron,  with  a  normal  mix  of  scrap,  ore,  fluxes, 
etc.,  is  charged  in  the  open  hearth  to  produce  its  average 
tonnage  of  steel  ingots.  The  fuel  fired  is  by-product 
tar  and  gas.  These  ingots  are  charged  into  soaking  pits 
and  reheating  furnaces,  and  rolled  in  the  mills  to  aver- 
age practice  of  plates,  shapes  and  blooms,  the  fuel  used 
for  heating  is  producer  gas  or  pulverized  coal,  which 
must  be  added. 

The  power  to  operate  is  generated  in  boilers  at  vari- 
ous points,  at  coke  ovens,  fired  with  coke  breeze ;  at 
blast  furnaces  fired  with  blast  furnace  gas  and  coke 
breeze ;  at  open  hearth,  fired  with  waste-heat  gases ;  and 
at  heating  furnaces,  fired  with  waste-heat ;  this  boiler 
steam  through  turbo-generators  at  various  points — all 
mill  units  driven  by  motors. 

Nothing  empirical  is  suggested — all  values  are  defi- 
nitely known,  all  factors  used  are  standard  practice,  but 
of  course  best  practices  have  been  selected  at  every  point. 

What  this  means  when  magnified  to  totals  for  the 
furnace  coke  industry  can  be  expressed  in  a  few  para- 
graphs : 

About  30,000,000  tons  of  iron  is  a  fair  annual  aver- 
age production.  This  means  that  some  50,000,000  tons 
of  coal  must  be  coked.  About  one-half  this  total  is  still 
produced  in  old-fashioned  bee-hive  ovens,  from  which 
nothing  else  is  recovered  but  the  coke ;  the  available 
ammonia,  the  tar,  the  gases,  which  analyze  into  benzol, 
toluol,  etc.,  are  allowed  to  waste,  to  do  no  more  than 
pollute  the  surrounding  territory. 

Within  recent  years  we  have  been  made  to  realize 
that  we  must  recover  these  most  valuable  contents  of 
the  coal,  or  remain  dependent  for  dye-stuft's,  fertilizers, 
etc.,  upon  some  other  nation  whose  necessities  demand 
their  recovery,  and  which  nation  has  benefited  at  our 
expense  thereby. 

Just  how  busy  -Lcasting  our  "busy  little  beehive  ovens" 
have  been  during  their  recent  past  is  shown  by  the  monu- 
ment they  have  erected  over  their  dead  and  worked-out 
mines ;  in  the  operation  of  drawing  and  screening  the 
coke,  a  small  percentage  is  broken  off  into  fine  pieces ; 
this  broken  stuff  is  called  braize,  or  coke-dust.  It  lies 
everywhere  throughout  the  region  where  it  has  been 
allowed  to  accumulate  until  now  the  piles  are  estimated 
to  contain  millions  of  tons.  The  Btu.'  value  of  such 
coke  dust  approximates  that  of  anthracite  coal,  and  an 
enormous  tonnage  is  available  without  great  expense. 

These  piles  form  the  visible  loss,  which  only  serve 
to  emphasize  the  invisible  loss  of  gases  which  for  each 
ton  of  braize  must  be  multiplied  by  15.  Fortvmately, 
however,  this  condition  is  fully  recognized  by  corpora- 
tions prepared  to  remedy  them. 

The  end  of  the  beehive  oven  is  in  the  not  far  distant 
future. 

Power  investigations  have  naturally  fallen  into  two 
converging  lines — generation  and  application,  and  while 
the  lines  of  investigation  have  of  course  been  carried  on 
independently,  the  consequent  result  has  been  super- 
imposed. 

Of  first  importance  in  generation  stands  Combus- 
tion. When  we  realize  the  comparative  volumes  of  raw 
material  which  enter  into  the  complete  daily  problem  of 
the  large  iron  and  steel  unit,  the  importance  of  com- 
bustion is  seen. 


Take,  for  example,  a  modern  by-product  coke  plant — 
the  blast  furnaces  it  will  serve,  the  open  hearth  furnaces 
the  product  of  these  furnaces  will  supply,  and  the  mills 
required  to  break  down  and  finish  that  steel. 

The  totals  are  enormous,  and  as  each  division  pre- 
sents its  own  unique  problem,  it  has  been  so  studied  and 
investigated. 

The  many  fuels  used  in  a  modern  steel  structure  pre- 
sent a  wide  variety  of  characteristics— each  interesting 
and  important — but  as  coal  is  the  one  big  item  which 
shows  up  as  direct  purchase,  which  involves  the  most 
mechanical  complications  due  to  its  mining,  transporta- 
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Fig.  2 — Power  flow  graph. 

tion,  rehandling  and  preparation,  coal  has  been  subjected 
to  closest  scrutiny. 

The  logical  way  to  burn  coal  has  been  found  to  be 
in  pulverized  fuel. 

If  1921  has  shown  any  clearly  defined  tendency,  that 
tendency  in  Combustion  has  centered  upon  pulverized 
fuel  firing. 

In  a  questionnaire  by  an  engineering  society  as  to 
topics  of  interest  for  discussion,  pulverized  coal  was 
found  to  be  the  greatest  in  demand. 

This  widespread  interest  in  the  subject  has  been  re- 
flected in  a  large  number  of  scattered  installations — 
not  great  in  total  development,  but  each  a  nucleus  around 
which  interest  centers,  and  expansion  will  take  place  as 
soon  as  the  art  is  more  firmly  foundationed. 

In  particular,  pulverized  firing  under  boilers  has  ex- 
panded with  the  installation  of  many  very  successful 
plants,  from  a  number  of  which  accurate  data  is  now 
available. 

No  detailed  discussion  is  here  necessary,  as  great 
publicity  has  attended  a  number  of  these  plants.  Much 
controversy  is  natural  around  a  subject  of  such  im- 
portance in  which  powerful  forces  are  at  work,  but  the 
elements  of  preference  toward  pulverized  firing  are  so 
evident  that  it  remains  only  to  reconcile  costs  both  of 
installation  and  of  operation  with  known  costs  of  other 
methods. 

It  is  unlikely  that  the  engineering  profession  will  fail 
in  the  development  of  such  an  ideal. 

Stokers  have  reached  their  peak — the  reversion  to 
the  chain  grate  type,  merely  modified  and  expanded  to 
meet  forced  draft,  over-rating  conditions,  proves  this. 
But  the  limitations  of  available  grate  surface  are  a  vital 
consideration,   and   the   necessity   of   a   continuous   sup- 
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ply  of  constant  variety  coal,  classified  as  to  size,  is 
always  present. 

A  paragraph  from  the  annual  report  of  the  Prime 
Movers  Committee  of  the  National  I'llectric  L.ight  Asso- 
ciation is  significant : 

"While  the  application  of  the  chain  grate  and  under- 
feed type  of  stoker  to  high  rates  of  combustion  has  seem- 
ingly been  successfully  accomplished,  there  are  many  in- 
dications that  the  art  of  burning  coal  economically  is 
still  in  the  process  of  development  and  that  we  cannot 
foretell  at  this  time  what  methods  may  be  used  in  the 
future.  This  must  be  particularly  emphasized  in  view 
of  recent  installations  and  e.Kperiments  which  have  been 
made  for  the  purpose  of  utilizing  pulverized  fuels  and 
by-product  gases.  New  plants  should  he  designed  with 
this  in  mind,  and  special  care  exercised  as  to  provision 
for  modification  and  changes  in  such  installations  for 
future  development." 

Oil  and  tar  firing  present  nothing  new,  while  the 
rising  price  and  future  scarcity  of  these  fuels  make  their 
use  but  temporary  on  land. 

Blast  furnace  gas-firing  has  been  well  standardized 
with  types  of  boiler  equipment  and  burners  well  de- 
veloped. The  controversy  between  "dirty  gas"  and 
"wet-washed  gas"  seems  pretty  fairly  settled  in  favor 
of  "dirty  gas" — a  number  of  conversion  back  to  dirty 
gas  having  been  made,  with  no  installation  of  importance 
made  on  "wet-washed  gas.'  Dry  cleaning  of  blast-fur- 
nace gas  for  boiler  firing  has  been  well  developed  in  the 


largest    unit     installed     this    year,    and     with     excellent 
results. 

Waste  heat  applications  have  made  progress,  not  only 
on  open  hearth  furnaces  and  heating  furnaces,  but  also 
on  duplex  processes  and  even  on  gas  engine  wastes. 

It  is  safe  to  declare  that  no  large  open  hearth   fur- 
.  nace  plants   will    be   built    in    the    future   without   steam 
generating  units  included. 

Nothing  of  importance  occurred  during  the  year  1921 
in  the  gas-engine  field.  Bethlehem  put  into  service  a 
large  gas  engine  unit,  but  no  reports  are  yet  available 
covering  its  performance. 

Dr.  Charles  P.  Steinmetz,  a  master  mind  in  power 
development,  summarizes,  before  the  New  York  Elec- 
trical Society,  the  total  situation  so  completely  that  repe- 
tition verbatim  cannot  be  superfluous. 

"The  steam  engine  has  been  driven  from  factories 
and  plants  by  the  electric  motor  and  the  generator,  and 
it  will  disappear  from  the  railways  of  this  country  as 
soon  as  the  railroads  can  finance  electrification.  The 
nation  will  eventually  be  covered  with  a  network  of 
transmission  systems  and  dotted  with  hydraulic  plants 
and  power  stations. 

"In  transportation  the  horse,  the  mule  and  the  cable- 
car  have  become  historical  curiosities  and  the  electric  car 
reigns  supreme.  On  our  great  trunk  lines  the  ana- 
chronism of  the  steam  locomotive  still  exists.  But  even 
the  layman  knows  that  only  the  unfortunate  financial 
situation  of  our  railroads  makes  the  electrical  propulsion 
impossible.  It  nnist  be  accomplished.  The  enormous 
consumption  of  coal  by  the  railways,  two-thirds  of  which 
could  be  avoided  by  electrification,  must  be  stopped. 


Fig.   3 — Cross   section   through   indirect   firing 
pulverized  plant. 


Fig.  4 — Cross  section  through  direct  firing 
pulverized  plant. 
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"When  the  first  power  plants  were  established  at 
Niagara  the  question  was  asked  whether  electricity  could 
not  be  sent  to  New  York.  A  100,000  hp.  has  been  de- 
veloped there,  but  no  one  asks  the  question  any  more. 
The  reason  is  that  the  distance  is  so  great  that  the  elec- 
tric power  finds  a  market  long  before  the  limit  of  trans- 
mission has  been  reached.  There  is  no  economic  excuse 
for  transmission  over  long  distances.  Instead,  a  net- 
work of  inter-connected  generating  and  non-conducting 
units  are  springing  up.  It  has  already  ignored  the 
boundary  of  states,  and  the  laws  of  different  states  are 
already  in  conflict,  so  that  Federal  supervision  of  power 
distribution   will    certainly   be   needed. 

"Just  as  the  railroads  75  years  ago  organized  the 
transportation  of  materials,  so  the  transmission  of  energy 
to  turn  our  wheels  and  fetch  and  carry  is  being  supplied 
by  the  electrical  industry.  Great  factories  which  make 
electricity  and  supply  it  as  other  factories  supply  hats  or 
stoves  have  come  into  being.  Electrical  energy  is  the 
only  kind  that  can  be  easily,  economicallj'  and  simply 
conducted  to  the  centers  where  it  is  needed,  whether  in 
small  quantities  for  the  vacuum  cleaner  and  the  house 
lights,  or  in  huge  masses  for  mills  and  factories.  In 
long-distance  transmission  the  huge  voltage  has  crept 
up  from  150  volts  to  10,  30,  60  and  finally  220,000  volts, 
and,  experimentally,  we  have  long  gone  beyond  1,000,- 
000  volts  to  a  voltage  of  1,100,000.  Just  as  in  the  past  no 
one  would  have  believed  that  possible,  so  in  the  future 
we  may  be  laughed  at  for  thinking  we  could  not  perhaps 
go  further." 

Several  turbo-generator  installations  were  completed 
this  year,  none  exceptionally  large,  20,000  kw.  being  the 
maximum.  These  at  blast  furnace  plants  where  the  con- 
troversy between  gas  engines  and  turbo-generator  units 
was  settled  in  favor  of  the  steam  conversion  using  sur- 
plus gas. 

In  the  application  of  power,  more  progress  is  noted. 

It  is  worthy  of  note  that  controlling  metering,  meas- 
uring and  recording  instruments  are  now  considered  an 
essential  in  all  major  power  plant  installations  and  should 
be  an  integral  part  of  every  generating  unit. 

A  few  years  ago,  and  still  in  many  places  today,  a 
steam  gauge  in  the  boiler  room,  another  in  the  engine 
room  and  pump  room  were  all  that  could  be  found  to 
indicate  that  operations  were  in  progress.  The  absence 
of  recorders  made  comparisons  or -records  impossible. 
To  determine  actual  conditions,  a  test  had  to  be  en- 
gineered. 

Regulation. 

Where  stoking  equipment  is  being  purchased,  the 
question  of  regulation  is  usually  disposed  of  by  a  clause 
in  the  stoker  contract  under  the  heading  of  "Automatic 
Regulation,"  and  the  only  interest  displayed  in  this  sub- 
ject is  to  find  out  whether  the  equipment  is  to  be  sup- 
plied by  the  purchaser  or  the  contractor. 

When  the  fact  that  the  best  designed  and  equipped 
plant  in  the  country  cannot  be  operated  successfully  in 
the  absence  of  proper  regulation  is  acknowledged  by  the 
engineering  profession,  the  subject  will  be  given  the  care- 
ful analysis  it  deserves. 

Automatic  regulation  is  too  generally  looked  upon 
as  a  means  merely  to  maintain  a  relatively  constant  steam 
pressure. 

If  this  was  the  only  requirement,  the  subject  could  be 
quickly  disposed  of  since  it  is  an  extremely  simple  mat- 
ter to  connect  up  a  piece  of  apparatus  that  will  operate 


on  a  given  change  of  pressure  to  either  open  or  close  a 
damper  or  slow  down  or  speed  up  the  fan. 

It  is  an  altogether  different  problem,  however,  to 
properly  co-relate  the  fuel  feed,  air  supply  and  stack  draft 
so  as  to  meet  the  varying  demand  for  steam  and  maintain 
maximum  efficiency  throughout  the  range  of  operation. 

The  Una-flow  engine  has  reached  a  stage  in  its  appli- 
cation where  it  is  now  receiving  the  consideration  its 
outstanding  advantages  warrant. 

Its  great  reduction  in  cylinder  condensation,  its  low 
average  water-rate  over  a  wide  range  of  load  conditions, 
its  adaptability  to  high  super-heats,  to  condensing  opera- 
tion, owing  to  amply  proportioned  exhaust  chamber  and 
large  exhaust  port-area,  make  it  desirable  for  rolling 
mill  drives,  where  a  widely  variable  load  condition  is 
found. 

Several  interesting  installation  of  comparatively 
small  size  have  been  made,  and  considerations  of  the 
direct  drive  of  a  large  blooming  mill  by  Unaflow  is  now 
in  the  development  stage.  The  builders  who  have  spe- 
cialized in  this  type  engine  have  no  hesitation  in  offering 
single-cylinder  units  as  large  as  6,000  hp.  and  twin- 
cylinder  up  to  12,000  hp. 

Turbo-generators  have  been  installed  in  many  repre- 
sentative plants,  none  exceptionally  large,  as  present 
steel  mill  loads  do  not  warrant  larger  sizes  at  present 
and  none  of  radical  design.  Among  these  may  be  men- 
tioned : 

Turbo-blowers  have  become  standard  practice  at 
blast  furnaces,  competing  on  even  ground  with  gas  en- 
gine blowers,  without  the  necessity  of  costly  gas  wash- 
ers, and  with  higher  factor  of  reliability. 

Turbine  driven  pumps  seem  to  have  been  preferred 
to  reciprocating  units,  principally  on  the  score  of  economy 
in  space  and  most  of  the  installed  power  units  have  in- 
corporated turbine  pumps  to  even  out  the  heat  balance. 

Turbine  drive  for  direct-firing  pulverizing  units  have 
proven  more  satisfactory  than  motors,  not  only  due  to 
reliability  and  flexibility — but  also  due  to  simplicity  of 
controls  over  a  range  of  capacities. 

To  close  a  stack  damper  with  an  intense  fire  on  the 
stoker  simply  because  the  steam  pressure  had  gone  up  a 
pound  or  two,  was  decidedly  bad  practice  and  .extremely 
hard  on  chain  grate  links,  for  instance. 

If  the  stack  damper  and  stoker  speed  had  been  regu- 
lated not  from  one  extreme  to  another,  but  to  maintain 
a  definite  relation  between  coal  supply,  air  supply  and 
steam  demand,  there  would  have  been  no  room  for  com- 
plaint on  the  part  of  the  stoker  man  and  the  plant  opera- 
tor would  not  have  been  con^pelled  to  sacrifice  10  per 
cent  to  20  per  cent  efficiency  in  order  to  protect  his 
stoking  equipment   from  damage 

Some  of  the  biggest  force  draft  traveling  grate  in- 
stallations that  have  been  made  during  recent  years  were 
installed  without  regard  to  regulation  and  maximum  re- 
sults were  not  secured  until  after  this  subject  had  re- 
ceived the  proper  attention  and  the  necessary  apparatus 
had  been  installed. 

Powdered  coal  is  kicking  up  a  lot  of  "dust"  these 
days  and  at  least  one  boiler  in  America  has  absorbed  a 
lot  of  it  efficiently.  If  you  investigate  the  various  in- 
stallations throughout  the  country  you  will  find  that  lit- 
tle or  no  thought  had  been  given  to  proper  automatic 
regulation.  In  fact,  it  would  seem  that  if  you  powder 
coal  the  amount  of  air  required  to  burn  it  takes  care  of 
itself. 
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The  proper  application  of  regulation  to  blast  furnace 
stoves  will  help  silence  the  howl  in  the  boiler  room  for 
"more  gas." 

The  proper  system  of  regulated  burners  in  the  boiler 
house  will  result  in  a  maintained  efficiency,  providing 
other  things  are  in  good  condition  in  excess  of  80  per 
cent. 

Today  the  modern  power  plant  is  a  continuous  test 
record— a  daily  heat-balance. 

Metering. 

Not  less  important  than  regulation,  we  find  metering 
coming  to  be  recognized  as  essential  in  plant  operation. 
Definite  quantities  enter  into  the  total  problem  and  with- 
out a  quantitative  comparison,  no  attempt  at  regulation 
can  be  made. 

Flows  of  water,  feed  water,  condenser  water,  con- 
densate, cooling  water,  flows  of  steam,  air,  coal,  gases 
are  now  and  should  be  covered  by  meter. 

Incident  to  meters,  records  of  their  operations  must 
be  kept,  and  today  one  of  the  interesting  points  of  as- 
sembly in  any  power  house  is  the  instrument  board, 
where  at  a  glance  the  "book-keeping"  of  enormous  daily 
quantities  can  be  seen.  Each  engineer  has  his  personal 
idea  as  to  arrangement  and  selection  of  a  wide  range  of 
recording  possibilities — but  in  general,  a  combination  of 
flows  should  be  selected  which  will  approximate  test 
data. 

A  review  of  12  months'  practice  would  not  be  com- 
plete without  a  slight  payment  upon  the  mentalities  that 
have  influenced  that  practice.  Many  things  are  taken 
for  granted,  and  most  of  all  the  proceedings  of  the  en- 
gineering societies  that  seem  to  be  accepted  in  the  same 
gratuitous  spirit  in  which  such  work  is  given.  But  it 
should  not  pass  without  comment. 

No  year  has  been  more  replete  with  engineering 
activities  and  no  year  has  seen  greater  interest,  and  more 
definite  applicable  knowledge  disseminated  by  the  so- 
cieties and  the  leading  trade  journals.  The  proceedings 
of  the  various  societies  and  trade  journal  publications 
have  focu.sed  general  executive  attention,  the  published 
reports  present  a  mine  of  valuable  data. 

Power  in  its  various  manifestations  has  shared 
largely  in  the  total  scope  of  engineering  activities,  its 
characteristics  have  been  analyzed,  recorded  and  dis- 
cussed, many  conclusions  have  been  reached  and  further 
investigational  activities  have  been  stimulated. 

The  individual  names  of  the  contributors  and  the 
board  variety  of  subject-titles  would  form  a  volume  in 
them.selves.  Suffice  it  to  say  that  the  activities  of  1921 
bid  fair  to  outstrip  1920  even  in  greater  ratio. 

Every  discussion  of  power,  its  production,  distribu- 
tion and  application,  should  be  introduced  by  a  section  on 
safety,  and  should  not  be  complete  unless  concluded  by 
emphasis  upon  safety  and  then  more  safety. 

Because  power  in  its  production  involves  the  verv 
factors  which  constitute  the  most  serious  hazards — high 
temperatures,  high  pressure,  high  velocities,  high  rota- 
tive speeds,  huge  masses,  noxious  gases,  explosive  dusts 
and  dirt,  high  elevations,  etc.  These  hazards  result  nat- 
urally in  burns,  scalds,  fractures,  amputations,  asphyxia- 
tion, loss  of  members,  sight,  falls  and  death.s. 

Power  in  its  distribution  involves  the  same  elements 
plus  other  equally  hazardous,  such  as  electrovention,  ex- 
plosions, etc.,  while  power  in  its  application  includes  all 
the  foregoing,  plus  additional  hazards  incidental  to  the 
personal  equation,  such  as  grinding  wheel   failures,  air 


hammers,   electric   hand   drills,   etc.,  etc.,   too   numerous 
to  detail. 

Wherever  we  look  this  high  tension  industrial  civiliza- 
tion seems  to  point  to  a  compounding  of  personal 
hazards. 

In  the  face  of  all  this  it  is  gratifying  to  note  that  this 
apparently  most  dangerous  feature  of  our  individual  or- 
ganization is  actually  about  the  lowest  in  actual  recorded 
accidents  and  fatalities;  just  because  power  is  danger- 
ous, it  has  been  recognized  as  dangerous,  and  safeguards 
have  anticipated  the  hazards. 

Today  specific  codes  of  procedure  surround  the  in- 
stallation and  operation  of  all  power  elements — it  is  ac- 
cepted specification- — to  install  non-return  valves  on  all 
boilers,  feed-water  regulation,  gauge-glass  protectors, 
duplicate  water  lines ;  engine  stops  are  as  acceptable  as 
governors,  hoisting  equipment  is  guarded,  and  auto- 
matically "safety-stopped;"  all  gears  are  guarded,  elec- 
tric switches  are  of  the  enclosed,  locked  type.  Wherever 
pulverized  coal  is  burned  definite  provision  must  be  made 
to  cover  the  hazards  it  presents,  likewise  blast-furnace 
gas. 

The  net  result  of  this  recognition  of  hazards  has 
placed  power  in  the  preferred  class  in  all  safety  statistics. 

When  you  enter  a  power  house,  a  safety-first  sign 
confronts  you;  wherever  you  turn,  a  safety  appliance 
interposes  itself ;  when  you  leave  your  last  impression  is 
one  of  tremendous  forces  under  marvelous  control.  No- 
where has  safety  shown  greater  results. 

An  annual  review  of  any  subject  must  be,  at  best,  a 
mass  of  generalities,  and  in  a  survey  of  the  breadth  of 
power  such  is  particularly  the  case. 

But  there  is  a  point  of  contact  wherein  the  subject 
may  be  made  to  touch  the  individual  reader,  especially 
if  he  be  an  operating  man  or  an  executive  engineer. 

An  this  takes  the  form  of  a  New  Year  suggestion — 
write  your  ozvn  annual  power  revieiv. 

There  is  no  better  way  to  visualize  your  progress  for- 
ward or  backward. 

Did  your  operation  for  the  closing  year  reflect  ad- 
vancement ? 

Were  your  costs  higher? 

How  nnich  did  your  combustion  improve  as  reflected 
in  higher  evaporations  per  pound  of  coal  ? 

Did  you  reduce  man-power  by  the  substitution  of 
automatic  devices? 

Are  you  familiar  with  progress  elsewhere? 

What  experiments  did  you  enter  into,  and  were  they 
successful  as  applied  to  your  problem? 

What  fundamental  principles  did  you  discover  or 
utilize? 

What  magazine  articles  interested  you  or  influenced 


you ; 


What  engineering  society  proceedings  interested 
you? 

These  and  a  hundred  questions  may  be  made  a  matter 
of  valuable  record,  both  for  yourself,  your  successors 
and  your  company. 

It  is  quite  remarkable  how  valuable  written  facts  may 
become,  especially  as  a  sure  means  of  comparison — 
without  which  small  progress  is  made. 

The  essence  of  an  entire  operation  may  be  summar- 
ized upon  a  single  comparison  sheet  and  your  personal 
analysis  of  the  results  of  the  year  will  be  well  worth 
filing. 
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In  conclusion,  as  a  summation  of  the  possibilities  of 
heat-balances,  waste  recoveries,  super -power,  etc., 
should  we  look  into  the  far  distant  future,  we  might 
see  a  picture  something  like  this : 

All  coal  now  mined  along  the  Monongahela  and  Alle- 
gheny basins,  now  loaded  in  cars  and  hauled  upon  con- 
gested railways  already  overtaxed  to  handle  produced 
material,  and  raw  material  tonnages,  with  various  trans- 
shipments, reloading  and  haulages — all  this  coal  as- 
sembled at  two  central  points,  say  Clairton  and  Colfax. 

At  these  points  it  would  be  elevated  by  tremendous 
grab-buckets,  capacity  of  1,000  tons  per  hour  (20  cars)  ; 
there  coked,  and  all  by-products  recovered,  gas  generated 
to  maintain  present  dwindling  natural  gas  supplies,  the 
sulphates  for  fertilizers,  the  benzols  for  automobile 
power. 


The  coke  braize,  now  wasted,  would  be  pulverized, 
the  ash  precipitated  out  by  a  process  similar  to  the  Trent 
and  mixed  with  tar  already  recovered. 

In  this  condition  we  have  an  ideal  colloidal  fuel  (all 
recovered  as  by-product),  which  can  be  pumped  through 
pipe-lines  to  the  various  points  of  consumption. 

Such  fuel  presents  no  problems  of  combustion,  as  it 
is  ideal   for  high  temperatures  and  high  ratings. 

The  ash  having  been  eliminated  at  the  central  prepa- 
ration plants,  we  have  no  ash  handling  problem,  no  ash 
and  dirt,  with  consequent  wear  and  tear,  cost  of  ship- 
ment now  necessary  upon  cars,  where  coal  is  burned  (?) 
as  at  present. 

The  installation  cost  of  such  a  plant  layout  will  be 
well  within  the  recoverable  values. 


Sloss- Sheffield  Steel  and  Iron  Company's 
Steam  Generating  Stations 

Descriptive  Article  of  the  Modern  Steam  Generating  Plants  of 
This  Company  Located  at  North  Birmingham,  Alabama — Mine 
Power  Plant  Also  Discussed. 

By  M.   M.  ARGO   and   H.   MAULSHAGEN* 


A  DESCRIPTION  of  the  latest  and  perhaps  one  of 
the  most  efficient  steam  generating  stations  in  the 
southern   district   in   connection   with   the   produc- 
tion of  iron  and  steel  is  the  boiler  plant  and  generating 


Fig.  1 — View  showing  sulphate  building  of  by-product  plant. 
Boiler  plant  beyond  railroad  car.  Concrete  stack  of 
boiler  house  plant  can  be  seen. 

their  by-product  coke  oven  plant,  located  in  North  Bir- 
mingham, Ala. 

Fig.    1    is  view  of  outside  of   boiler  house,   showing 
station  of  the  Sloss-Sheffield  Steel  &  Iron  Company  at 


*Mr.  Argo  is  power  engineer  and  Mr.  Maulshagen  is  as- 
sistant power  engineer  of  the  Sloss-Sheffield  Steel  &  Iron 
Company,  Birmingham,  Ala. 


Fig. 


3 — View  showing  purification  plant,  mixing  tank,  filters 
and  sedementation   tank. 


location  of  ash  hopper  on  right  over  tracks  where  ashes 
are  discharged  from  bottom  directly  into  railway  cars. 

The  ashes  are  discharged  into  the  hopper  by  the  Peck 
Carrier  System,  manufactured  by  Jeffrey  Manufactur- 
ing Company.  The  Peck  Carrier  System  also  elevates 
the  coal,  which  is  discharged  into  a  hopper  under  rail- 
way tracks  beneath  the  ash  bin  and  fed  into  the  buckets 
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by  motor  operated  shakers.  The  trips  above  are  set  so 
as  to  discharge  the  coal,  col<e  breeze  or  ash  into  their 
respective  bins.  This  system  is  operated  by  a  30-hp. 
Westinghouse  440-volt  60-cycIe  induction  motor  and  has 
a  capacity  of  150  tons  per  liour. 

Fig.  2  gives  a  front  view  of  the  eight  boilers. 

These  boilers  were  manufactured  by  the  Babcock  & 
Wilcox  Manufacturing  Company  and  have  6.032  square 
feet  of  heating  surface  each,  and  are  rated  at  603  hp.,  or 
a  total  of  3,618  hp.  One  hp.  equals  34^  lbs.  H,,0  evapo- 
rated from  and  at  212  deg.  F.  per  hour.  The  three  steam 
drums  are  43  in.  by  13  ft.  10  in.,  and  mud  drum  48  in. 
by  12  ft.  7^  in.  There  are  462  3^-in.  diameter  tubes. 
All  boilers  are  equipped  with  Babcock  &  Wilcox  patented 
superheaters,  which  have  the  following  rating : 

100  per  cent 150  deg.  S.  H. 

150  per  cent 168  deg.  S.  H. 

200  per  cent 185  deg.  .S.  H. 

The  boilers  at  present  are  operated  at  200-lb.  steam 
pressure  150  per  cent  rating  and  an  average  of  170  deg. 
S.  H.  is  obtained.  Each  boiler  is  equipped  with  Dia- 
mond Power  Specialty  Company's  soot  blowers  and  all 
except  the  stoker  fired  boilers  are  equipped  with  En- 
gineering Company's  balance  draft  regulator.  They 
have  a  combined  space  of  1,600  cu.  ft.  and  four  are 
equipped  to  burn  gas  only,  two  gas  or  coal,  and  two  are 
stoker  fired. 


The  gas  and  hand  fired  boilers  have  the  Deitrick  fire 
box  of  the  Dutch  oven  type  with  non-water  cooled  arch. 
Tlie  stoker  fired  boilers  have  the  Deitrick  arch,  fan- 
shaped  arch  and  water  cooled  top. 

The  four  gas  fired  boilers  are  equipped  witli  eight 
Burkholtz  Terbeck  gas  burners  which  are  designed  to  sup- 
ply sufficient  gas  to  operate  the  boilers  at  200  per  cent 
rating.  The  four  top  burners  are  controlled  by  8-in. 
Mason  regulator,  which  was  redesigned  at  this  plant  for 
this  special  duty ;  four  are  set  by  hand  for  normal  load 
and  regular  operated  valves  taking  care  of  variations. 

As  seen  by  the  photograph  above  it  was  necessary  to 
supply  additional  secondary  air  to  the  burners,  which 
was  done  by  cutting  out  the  brick  around  the  top  of  the 
burners  in  the  front  of  the  fire  box;  the  admission  of 
this  air  is  also  controlled  by  the  Mason  regulator  oper- 
ating the  gas  supply  to  the  burners.  The  gas  as  burned 
has  heat  content  of  570  Btu. 

Flue  gas  analysis  on  gas  fired  boiler  is  as  follows: 

130  per  cent  rating  of  boiler        CO,  8% 

O:  5% 

CO  0 
Stack  temperature  570'  deg.  F. 

150  per  cent  rating  CO2     7.2% 

O.,    4.7% 
CO      0 


Fig.  3 — Front  view  of  tiie  eight  boilers. 
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Fig.  4 — View   of   the  by-product   plant  showing  boiler  plant 
and  power   house   at   the  right. 


Fig.  5 — Interior  view  of  by-product  power  house,  showing 
two  2,000-kw.  turbo-generators  and  two  150-kw.  motor 
generators. 


Fig.  6 — Interior  view  of  furnace  power  house  showing  gage   board,  2,000-kw.  mixed  pressure  turbo-generator  3  phase  60 
cycle  6,600  volts.    IngersoU-Rand  vacuum  pump.     100-kw.  motor  generator  2,200  volts,  3  phase,  60  cycle  250  volts  d.c. 


Stack  temperature  580  deg.  F. 
170  per  cent  rating 

Stack  temperature  600  deg.  F. 


CO,     8% 

O^    5.4% 
CO        .9% 


The  boilers  are  equipped  with  five  gas  burners  each 


and  also  have  stationary  grates  for  hand  firing,  which 
permit  hand  firing  when  the  gas  supply  is  low  due  to 
increased  demand  by  City  of  Birmingham.  The  City  of 
Birmingham  obtains  its  gas  supply  from  the  by-product 
plant,  where  the  boiler  plant  and  central  power  plant  of 
the  company  are  located.     The  boiler  plant  only  utilizes 
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the  surplus  gas  whicli  is  not  needed  by  the  city. 

The  stoker  fired  boilers  are  equipped  with  Com- 
bustion Engineering  Company's  chain  grate  stokers  of 
the  Coxe  type,  capable  of  burning  coke  breeze  or  coal, 
coke  breeze  being  burned  at  the  present  time.  Each 
grate  is  operated  by  a  25-hp.  250-volt  d.c.  variable  speed 
motor,  through  suitable  reduction  gears,  giving  a  grate 
speed  of  from  10  to  20  feet  per  hour.     Forced  draft  is 


Chart   1 — Showing   varying  output  of   gas   fired  boilers 
controlled   by    regulator. 
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Chart  3 — CO:  gas   fired  boiler  showing  slight  variation  due 
to  gas  regulator  action. 

supplied  by  a  Siroco  blower,  driven  by  a  100-hp.  Waite 
turbine.  A  similar  blower  driven  by  a  100  motor  is  used 
as  a  spare. 

Considerable  difficulty  was  experienced  at  first  in 
burning  breeze  with  the  Coxe  stokers,  and  a  careful  study 
was  made  to  determine  the  cause  of'  the  trouble.     The 


ignition  arch  was  changed  from  a  water  cooled  arch  at 
45  deg.  to  a  fan  shaped  ignition  arch  of  the  Deitrick 
type.  With  a  few  other  minor  changes,  the  stokers  can 
now  be  driven  at  225  per  cent  rating  with  ease. 

Feed  Water  System. 

The  feed  water  system  consists  of  three  500-gallon 
centrifugal  pumps  operating  at  275-lb.  pressure  each. 
Two  are  turbine  driven  and  one  is  motor  driven.     Feed 


Chart  2 — Chart  from  recording  steam  pressure  gage  showing 
small  variation  in  pressure  controlled  by  the  Mason 
regulator. 
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Chart  4 — CO:^  chart  on  chain  grate  stoker  boiler  burning 
22  Lr  coke  breeze. 

water  pressure  is  controlled  by  a  Copes  automatic  feed 
valve  and  diaphragm  governor  handling  a  differential 
between  the  steam  pressure  and  the  water  pressure  of  .30 
to  40  lbs.  The  boiler  feed  water  is  treated  by  the  Sorge- 
Cochran  hot  process  water  softener,  consisting  of  chem- 
ical  tank,   sedementation    tank,    and    three    sandfilters. 
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Chemicals  used  are  lime  and  soda  ash. 

The  fundamental  principle  of  this  treatment  is  that 
lime  and  soda  ash  in  the  correct  proportion  mixed  with 
the  raw  feed  water  in  the  heater  and  in  the  sedimenta- 
tion chamber  at  a  temperature  above  205  deg.  will  com- 
pletely react  within  10  minutes  and  precipitate  all  scale 
forming  salts  in  the  sedimentation  chamber,  which  are 
removed  by  blowing  ofT  the  sludge  at  the  bottom  of  the 
sedimentation  tank.  The  suspended  matter  will  be  re- 
moved as  the  water  passes  through  the  filters,  leaving  the 
sedimentation  tank  on  the  way  to  the  boiler  feed  pump. 
The  sohible  salts  then  pass  over  to  the  boiler  and  con- 
stitute the  total  solids,  or  the  concentration  of  the  water 
in  the  boiler.  The  concentration  is  lowered  or  total  solids 
removed  by  blowing  the  boilers  at  regular  intervals  for 
a  specified  time,  which  is  determined  by  the  test  of  the 
water  taken  from  each  boiler. 


Fig.  7 — ^Combustion  Engineering  Company  chain  grate  stoker. 
Also  shows  record  thermometer,  Bristol  recorders,  Repub- 
Hc  instruments  and  steam  flow  charts  and  precision  in- 
struments. 

The  air  in  the  water  is  removed  in  the  open-type 
heater  on  the  top  of  the  sedimentation  tank.  Live  and 
exhaust  steam  is  used  to  heat  the  feed  water  and  the 
raw  feed  water  as  applied  has  a  hardness  of  14  grains 
per  gallon.  By  treating  this  with  six  pounds  of  soda  ash 
and  9.5  poimds  of  lime  per  each  1,000  gallons  of  water, 
which  is  the  correct  treatment  at  present,  to  total  hard- 
ness of  soap  solution,  test  is  reduced  to  2^/2  grains  per 
gallon,  with  the  total  solids  averaging  7  grains  per  gal- 
lon. The  boilers  begin  to  show  signs  of  priming  at 
250  grains.  Concentration,  therefore,  is  kept  below  150 
grains  per  gallon  by  blowing  down  the  boilers  at  intervals 
of  1.5  hours  for  80  seconds  per  boiler.  The  length  of 
the  interval  and  time  of  blowing  is  governed  entirely  by 
the  load  on  the  boiler,  blowing  longer  and  more  fre- 
quently as  the  load  increases.  The  alkalinity  of  the 
boiler  is  kept  above  20  grains  per  gallon  and  below  30 
grains  per  gallon.     If   the   water   becomes   neutral  of 


acid,  scale  forms,  so  that  20  grains  per  gallon  is  used 
as  a  safe  margin  to  work  upon.  If  it  goes  above  30 
grains  per  gallon,  it  deposits  a  lime  coating  on  the  in- 
terior of  the  boiler. 

The  test  on  the  treated  water  is  made  with  Ph  and 
Mo  as  indicators  and  NA.O  H.SO4  as  reagent.  The  Ph 
indicates  all  hydroodsand  one-half  carbonate,  and  the 
Mo  the  other  hand  of  the  carbonates.  The  theoretically 
correct  treatment  is  1.  Ph  and  2.4  Mo.  A  test  is  made 
of  the  treated  water  every  two  hours,  and  of  the  boiler 
water  for  alkalinity  and  concentration  once  each  day.  All 
tests  are  recorded  and  filed.  The  concentration  is  found 
by  determining  the  grains  of  sodium  chloride  per  gal- 
lon with  AgNOj  as  reagent,  and  multiplying  the  ratio 
of  the  NaCl  to  the  total  solids  which  is  a  definite  factor. 
The  capacity  of  the  water  softener  is  5,000  lbs.  per  hour. 


Fig.  8 — Gage  board  in  boiler  house  showing,  top  row,  left 
and  right:  Steam  pressure  and  boiler  feed  water  pressure 
gage.  Second  row:  Recording  steam  pressure  gage,  feed 
water  pressure,  steam  temperature  in  header,  gas  pres- 
sure. Third  row:  Boiler  blow  off  recorders.  Fourth  and 
fifth  rows:  Integrating  steam  flow  meters,  one  for  each 
boiler. 


One  very  noticeable  feature  of  this  plant  is  the  accu- 
racy of  the  records.  Every  pound  of  feed  water  or  jua- 
terial  is  either  weighed  or  measured  that  enters  the  plant. 
All  steam  leaving  the  plant  is  measured.  Accurate  rec- 
ords are  kept  from  day  to  day  as  to  the  operating  cost. 
The  efficiency  of  the  plant  is  very  high,  considering  the 
slow  operation,  and  the  fact  that  the  boilers  are  carrying 
only  a  slight  overload ;  the  efficiency  is  held  approxi- 
mately at  70  to  75  per  cent.  If  conditions  were  such 
that  the  steam  was  needed,  the  daily  efficiency  would 
possiblv  be  much  higher.  The  Deitrick  fantail  ignition 
arches  have  proven  very  satisfactory  for  burning  coke 
breeze  from  the  ovens  which  has  been  coked  35  hours. 
The  majority  of  the  plants  have  been  unable  to  burn  the 
breeze  without  mixing  coal  with  it,  where  it  has  been 
coked  over  22  hours. 

By-Product  Power  House. 

Included  in  the  equipment  of  the  power  house  are 
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two  2,(X)0-kvv.  6,600-volt,  3-phase,  60-cycle.  80  per  cent 
power  factors  generators  driven  by  two  2,000-kw.  con- 
densing turbines,  operating  at  3,600  rpm.  and  200-lb. 
steam  pressure.  The  turbines  and  generators  are  direct 
connected.  Mounted  on  the  same  shaft  as  the  genera- 
tors are  125- volt  exciters.  The  two  turbines  exhaust 
into  the  Elliott-Erhart  jet  condenser.     The  air  from  the 


Pig   9 Spray  ponds.    Two  at  left  are  power  house  used  with 

jet  condensers,  others  are  used  in  cooling  mill  water  re- 
circulated through  mUl  system  after  cooling.  Sprays  re- 
duce temperature  3-4'  below  atmosphere. 

condensers  is  extracted  by  ejectors.  The  water  is  pumped 
from  the  condenser  by  an  Elliott-Erhart  centrifugal 
pump,  driven  bv  a  Terrv  steam  turbine.  The  switch- 
board was  manufactured  by  the  Westinghouse  Electric 
&  Manufacturing  Company  and  consists  of  25  panels, 
controlling  6,600-volt  circuits  to  the  generators,  miries, 
by-product  plant,   etc.     The   switchboard   has   recording 


Fig.   10 — Flue  gas  stack  thermometer  CO.  recorder. 

and  integrating  meters,  maximum  demand  meters  for 
determining  the  load  on  the  different  circuits  besides  the 
regular  meter  equipment  usually  found  at  the  switch- 
board. 

North  Birmingham  Plant. 

An  additional  power  plant,  located  at  the  North  Bir- 
mingham furnace  of  the  Sloss-Sheffield  Steel  &  Iron 
Company,  and  the  idea  in  locating  a  unit  here  was  to 
Utilize  low  pressure  steam  exhausted  from  the  furnace 


by  blowing  engines.     This  plant,  as  well  as  the  one  lo- 
cated at  the  by-product  plant,  was  designed  by   Martin 
J.  Lide,  consulting  engineer  and  mechanical  engineer  of 
the  company,  and  the  construction  was  carried  on  under 
his  guidance  by  Mr.  T.  B.  Dryer,  construction  engineer. 
The  furnace  plant  at  the  present  time  consists  of  one 
2,000-kw.,    3-phase,    60-cycle,    6,600-volt    G.    E.    turbo- 
alternator.     This  turbine  is  a  mixed  pressure  machine, 
taking  the  exhaust  steam  when  the  blowing  engines  are 
operating  and  automatically  changing  to   high  pressure 
steam  at  125-lb.  gauge  pressure  when  the  exhaust  steam 
is   not   available.      This    machine    is   very    rugged    and 
capable  of   handling   a   heavy   overload   without   injury. 
One  of   the   interesting  parts  of   the   plant   is   the   con- 
denser, which  was  designed  by  Martin  J.   Lide,  and  is 
the  largest  condenser  of  the  barometric  type  in  the  Bir- 
mingham district,  requiring  8,000  gallons  injection  water 
a  minute.     High  vacuum  is  maintained,  giving  a  high 
over  all  efficiency  of  the  plant.     A   water   rate  of   32 
pounds  is  averaged,  which  is  considered  very  good   for 
a  mixed  pressure  machine.     The  other  equipment  in  the  ' 
plant  consists  of  an  Ingersoll-Rand  vacuum  pump,  two 
Midwest  circulating  pumps,  one  motor  and  one  turbine 
driven  of   7,500  gallons   capacity   each   against   a   42-ft. 
head.     The  switchboard  and  motors  were  furnished  by 
the  Westinghouse  Electric  &   Manufacturing  Company. 
The  steam  flow  motors  were  furnished  by  the  Republic 
Flow  Meters  Company.     The  plant  receives  an  average 
of  1,250-kw.  from  low  pressure  steam  with  one  blast  fur- 
nace operating. 

Distribution. 

Between  the  two  plants  there  is  a  double  6,600-volt 
tie  in  line,  capable  of  delivering  3,000  kw.  at  either  end 
in  case  either  plant  is  shut  down.  Feeders  leave  each 
plant  to  the  furnaces,  by-product  plant,  coal  mines  and 
rock  quarry.  The  voltage  is  stepped  up  to  44,000  and 
is  transmitted  to  the  several  coal  mines  18  miles  distant. 
Current  for  the  by-product  plant  is  stepped  down  to  440 
volts.  The  transmission  line  to  the  ore  mines,  near 
Bessemer,  15  miles  distant,  has  not  yet  been  completed. 

Mine  Power  Plant. 

This  plant  is  being  built  as  a  standby  plant  in  case  of 
interruption  to  the  service  or  to  the  lines  due  to  trans- 
mission line  trouble.  The  plant  consists  of  two  750-kw.. 
3-phase,  60-cycle,  2,300-volt  turbo-generators  made  by 
the  Allis-Chalmers  Manufacturing  Company.  The  tur- 
bines have  been  thoroughly  repaired  and  are  capable  of 
handling  a  large  overload.  .Suitable  transformers  tie 
this  plant  into  the  power  system.  The  boiler  plant  con- 
sists of  four  Sterling  boilers  rated  at  361-hp.  each,  150- 
Ib.  gauge  pressure,  and  are  equipped  with  Diamond  soot 
blowers. 


NEW  POWER  MAP  OF  PENNSYLVANIA. 

.\  map  of  i'ennsylvania  showing  the  location  of  the 
power  stations  and  electric  transmission  lines  used  by 
public  utilitv  companies  lias  just  been  published  by  the 
United  States  Geological  Survey.  De])artment  of  the 
Interior. 

This  map  is  the  second  of  a  series  now  being  pub- 
lished, that  of  New  York  having  been  recently  issued. 
Two  other  maps  are  nearing  completion,  one  covering 
New  Hampshire  and  Vermont  and  the  other  covering 
Massachusetts,  Connecticut  and  Rhode  Island,  and 
maps  of  Maine.  New  Jersey.  Maryland  and  Delaware 
are  also  in  preparation.  These  maps  were  prepared  in 
collaboration  with  the  power  companies. 
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The  Influence  of  Gas  Cleaning  on  Plant 

Economy 

Comparison  of  Dry  Cleaning  vs.  Wet  Washing  of  Raw  Gas — Dry 
Cleaning  Will  Prove  Advantageous  in  Every  Case  of  Combustion 
of  Blast  Furnace  Gas,  With  the  Exception  of  Its  Use  in  Engines. 

By  WALTER  N.  FLANAGAN 
Steam  Engineer,  Ohio  Works,  Carnegie  Steel  Company 


BLAST  furnace  gas  is  one  of  the  nicest  fuels  to 
handle  if  properly  taken  care  of  and  one  of  the 
meanest  fuels  if  the  equipment  is  not  carefully  con- 
sidered. It  is  only  in  very  recent  years  that  the  above 
remaik  cciuld  be  made.  Formerly  the  gas  was  con- 
sidered difficult  to  handle,  difficult  to  burn  efficiently 
and  caused  endless  trouble  with  dust.  All  of  these 
troubles  have  been  greatly  reduced  and  in  fact  prac- 
tically eliminated  in  some  installations.  On  account 
of  the  low  heating  value  and  large  volumes  produced, 
large  pipes  and  valves  are  required.  Since  the  gas  is 
poisonous  the  valves  must  be  tight  and  only  goggle 
valves  are  now  considered.  To  eliminate  the  necessity 
of  a  large  crew  of  men  working  for  hours  up  in  the 
air  in  a  gas  laden  atmosphere  to  open  and  close  a  valve. 
a  type  of  goggle  valve  has  been  developed  and  put 
into  successful  operation  which  can  be  operated  from 
the  ground  in  two  minutes  by  two  men.  Properly  de- 
signed burners  eliminate  combustion  troubles.  Du.st 
troubles  can  be  eliminated  by  cleaning  the  gas. 

However  in  most  installations  equipment  is  used 
which  only  partly  cleans  the  gas  and  delivers  it  satu- 
rated with  moisture  that  precipitates  out  in  the  lines 
carrying  dust  along  which  eventually  causes  clogging. 
For  stove  and  boiler  operation  the  absolute  cleaning 
of  blast  furnace  gas  would  be  too  expensive.  One 
quarter  of  a  grain  per  cubic  foot  is  now  the  accepted 
value  of  cleanliness  for  wet  washed  gas  to  insure  free- 
dom from  dust  troubles  in  stoves  and  boilers.  The 
latest  developments  have  shown  that  up  to  one-half 
grain  per  cubic  foot  is  just  as  satisfactory  if  hot,  dry 
cleaned  gas  is  used. 

The  heat  contained  in  blast  furnace  gas  consists 
of  the  calorific  value  and  the  sensible  heat  or  heat  due 
to  temperature.  When  the  gas  is  cleaned  in  contact 
with  water  the  temperature  is  reduced,  usually  to  the 
temperature  of  the  water,  thus  the  sensible  heat  is  lost 
in  an  effort  to  eliminate  dust  troubles. 

The  analysis  of  many  samples  of  blast  furnace  gas 
showed  an  average  of  : 

CO,    1.150% 

0„'. 11% 

CH, 22% 

Ho 3.72% 

CO  25.20% 

N,  57.25% 

This  gives  a  lower  calorific  value  of  about  93.4  Btu 
per  cu.  ft.  of  dry  gas  at  standard  conditions. 

Fig.   1   shows  the  heat  loss  per  cu.  ft.  of  gas  by 


washing,  for  various  initial  gas  temperatures.  The 
washed  gas  is  assumed  to  be  cooled  to  62  deg.  F.  which 
is  the  average  final  temperature  in  most  plants  where 
a  satisfactory  cleaning  is  obtained,  and  to  have  a  mois- 
ture content  of  6.3  gr.  per  cubic  foot  which  is  slightly 
less  than  saturation  at  that  temperature.  The  raw  gas 
is  assumed  to  contain  35  grains  of  moisture  per  cu.  ft. 
which  represents  average  conditions. 

Fig.  2  shows  the  monetary  value  of  the  sensible 
heat  loss,  based  upon  $4.00  coal  while  Fig.  3  shows  the 
relation  of  the  net  sensible  heat  value  to  the  total  value 
of  blast  furnace  gas.  In  all  of  the  above  figures  the 
heat  saved  is  the  difference  between  the  heat  required 
to  raise  washed  gas  and  that  required  to  raise  hot  gas 
to  the  same  stack  temperature. 

The  loss  due  to  cooling  blast  furnace  gas  may  be 
calculated    for   any   condition   as   follows.       Since    the 


specific  heat  of  gases  at  high  temperatures  is  not  con- 
stant the  curves  of  Fig.  5  are  included  to  furnish  a 
means,  accurate  enough  for  all  practical  purposes,  of 
calculating  the  sensible  heat  of  blast  furnace  gas  and 
the  heat  loss  due  to  cooling  the  gas. 

The  density  of  water  vapor  is  approximately  .04767 
lb.  per  cu.  ft.  and  the  volume  of  water  vapor  per  cu.  ft. 
of  gas  can  be  readily  calculated  if  the  moisture  content 
in  grains  per  cu.  ft.  is  known. 

From  the  analysis  and  moisture  content  of  the  gas 
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and  the  curves  of  figure  5  the  tabulation  may  be  made 
as  follows : 

Gas  analysis Given  below. 

Moisture  in  raw  gas 35  grains  per  cu.  ft. 

Temj)erature  of  raw  gas 400  deg.  1". 

Moisture  in  washed  gas 6.3  grains  per  cu.  ft. 

Temperature  of  washed  gas.  .  62  deg.  F. 
Stack  temperature 600  deg.  F. 

Vol.  of  moisture  in  raw  gas — 
35 


7000 


04767  =  .1049  cu.  ft. 


Vol.  of  moisture  in  washed  gas- 
6.3 


7000 


.04767  =  .0189  cu.  ft. 


American  Institute  of  Mining  Engineers  estimated  the 
total  saving  of  clean  gas  in  stoves  to  be  $.1591  per  ton 
of  iron  produced  or  about  $30,000  per  year  for  a  500- 
ton  furnace.  This  is  due  to  increased  production,  in- 
creased stove  capacity  and  decreased  limestone  con- 
sumption. While  there  is  $22,000  worth  of  heat  saved 
each  year  per  furnace  there  is  more  than  $22,000  worth 
of  flue  dust,  labor  and  efficiency  lost.  With  high  top 
temperatures  encountered  in  some  furnaces  in  which 
the  flue  dust  is  discarded  it  may  pay  to  burn  raw  gas. 
However,  flue  dust  is  now  considered  valuable  in  many 
plants  and  is  charged  into  the  furnaces  either  raw  or 
treated. 

Just  recently  raw  gas  froiu  the  dust  catcher  had 
to  be  used  as  a  teinporary  expedient  on  stoves  in  a 
plant  in  the  Pittsburgh  District  and  it  was  found  that 
the  hot  blast  temperature  was  200  deg.  F.  higher  than 


Constituent. 

CO,  

o, 

CH^   

Fraction 
per  cu.  ft.  of 
dry  Fee.  Gas. 

.1350 
.0011 
.0022 
.0372 
.2520 
.5725 
.1049 
.0189 

cu 
62- 

Heat 
.  ft.  from 
-400'  Btu. 

8.5 

6.2 

8.6 

6.2 

6.2 

6.2 

7.?, 

cu 
62- 

Heat, 
ft.  from 
-600°  Btu 
14.0 
10.0 
14.3 
10.0 
10.0 
10.0 
12.1 
12.1 

Heat, 
cu.  ft.  from  400° 
to  600°  Btu. 
5.5 
3.8 
5.7 
3.8 
3.8 
3.8 
4.8 

Total  Heat 
from  400-600° 
Hot  Gas  Btu. 

.743 

.004 

.013 

.141 

.957 
2.175 

.503 

Total  Heat 

from 

Washed 

Gas  Btu. 

1.890 

.0011 

.032 

H„    

.372 

CO  

Nj    

2.520 
5.725 

H^O  (Hot  Gas)   . . . . 
H,0  (Washed  Gas) 

.229 

Totals 

d  for  hot  gas.  . 
heat,  or  heat 

4.536 

10.779 

T  Hs«;   l~fpat 

require 
sensible 

4.536 

loss 

:>y  washin 

S. 

per  cu. 

ft 

Available 

6.243 

The  value  of  blast  furnace  gas  or  of  the  sensible 
heat  content  may  be  calculated  as  follows  on  heat  value 
basis: 

Dollars  per  furnace  per  year:= 

(Ave.  cu.ft.  per  min.)  X  (Btu  per  cu.ft.)  X  1440  X  365 

2240  X  (Btu  per  pound  of  coal) 

X   (Dollars  per  ton  of  coal) 

From  a  500-ton  furnace  there  is  at  least  a  net  flow 
of  50,000  cu.  ft.  of  gas  per  minute.  This  is  the  basis  of 
the  curves  of  Figures  1  to  4. 

In  any  plant  where  coal  has  to  be  burned  continu- 
ously to  supply  pow'er  the  actual  value  of  the  gas  is 
higher  than  shown  on  a  heat  value  basis  since  usually 
less  equipment  and  labor  is  required  than  for  coal  to 
maintain  a  given  efficiency. 

The  value  of  the  sensible  heat  of  blast  furnace  gas 
is  shov^'n  in  Figure  2.  The  average  furnace  in  the 
United  States  has  an  average  top  temperature  of  about 
400  deg.  F.  This  means  an  annual  value  of  at  least 
$22,000  per  furnace  based  upon  $4.00  coal  or  an  annual 
loss  of  $22,000  per  furnace  where  the  gas  is  cooled  in 
washing. 

In  an  efifort  to  save  this  loss  many  plants  burn  the 
gas,  at  least  in  the  boilers  without  cleaning.  This  re- 
sults in  greater  boiler  capacity  from  the  same  amount 
of  gas,  but  requires  more  labor  blowing  tubes  and  re- 
moving dust  from  the  settings,  and  also  loses  more 
flue  dust.  Used  in  stoves  it  precludes  any  possibility 
of  small  checkers  or  high  efficiency  stoves  and  loses 
about  $2,000  per  furnace  per  year  cleaning  and  heating 
up   stoves.     Mr.   A.   N.   Diehl   in  a   paper   before   the 


when  using  wet  washed  gas.  Of  course  as  the  check- 
ers filled  with  dust  this  temperature  would  drop.  If 
the  gas  was  dry  cleaned,  retaining  the  sensible  heat 
and  at  the  same  time  furnishing  clean  gas  to  the  stoves, 
this  increase  in  temperature  could  be  maintained 
throughout  the  furnace  campaign. 

If  the  gas  is  dry  cleaned  the  sensible  heat  is  re- 


Fig.  2. 

tained,  more  flue  dust  is  recovered  than  with  wet  wash- 
ing, due  to  elimination  of  sump  loss,  there  is  a  saying 
in  power  as  the  dry  cleaning  requires  about  one-fiftieth 
of  the  power  for  wet  washing,  less  labor  is  required, 
there  are  no  sumps  to  clean,  boiler  efficiency  is  higher 
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due  to  more  rapid  and  more  thorough  combustion, 
higher  initial  temperature  and  the  absorption  of  more 
heat  by  radiation.  Since  combustion  is  more  rapid 
with  hot  gas,  combustion  chambers  can  be  made 
smaller  than  necessary  for  burning  cold  gas  with  a 
given  burner.  This  means  lower  first  cost  for  build- 
ings and  settings.  Some  flue  dust  contains  a  relatively 
high  amount  of  potash  and  with  wet  washing  it  is  next 
to  impossible  to  recover  the  potash  content  unless  all 
of  the  wash  water  is  evaporated.  If  the  dust  is  caught 
dry,  however  it  is  commercially  profitable  to  recover 


Fig.  3. 

the  potash  content  as  relatively  small  amounts  of  wash 
water  have  to  be  evaporated. 

The  gas  mains  and  burners  in  a  dry  cleaned  gas 
installation  after  two  years  of  operation  were  found 
to  be  entirely  free  from  dust  deposit.  This  feature 
alone  is  enough  to  cause  serious  consideration  of  dry 
cleaning  possibilities,  as  with  wet  washed  gas  sludge 
deposits  in  lines  and  burners  until  it  interferes  with 
operation.  This  deposit  must  be  removed  at  fairly 
frequent  intervals  and  the  removal  usually  interferes 
with  the  regular  operation. 

It  has  been  often  suggested  that  the  moisture  con- 
tent of  raw  or  dry  cleaned  gas,  which  must  be  raised 
to  stack  temperature  upon  combustion,  more  than  ofl- 
sets  the  value  of  the  sensible  heat.  The  slight  slope 
of  the  curves  in  Figure  2  shows  in  actual  dollars  and 
cents  the  effect  of  this  moisture.     In  washing  gas  un- 


less the  temperature  of  the  gas  is  dropped  below  112 
deg.  F.  on  an  average  no  moisture  is  precipitated  in 
the  washer.  The  more  moisture  eliminated  the  greater 
is  the  sensible  heat  loss  in  the  other  constituents  of 
the  gas.  Tests  have  shown  that  in  wet  washers  unless 
the  gas  temperature  is  dropped  below  the  dew  point, 
the  moisture  content  is  actually  increased  due  to  the 


absorption  of  moisture  from  the  wash  water  in  contact 
with  the  hot  gas. 

Since  the  average  top  temperature  is  about  400  deg. 
F.  and  stack  temperatures  in  good  stove  and  boiler 
practice  seldom  exceed  550  deg.  F.  the  moisture  in  the 
dry  gas  has  to  be  raised  only  150  deg.  F.  and  becomes 
a  negligible  quantity. 

In  addition  to  the  financial  return  by  dry  cleaning 
blast  furnace  gas  there  is  also  the  standpoint  of  the 
communities  in  which  furnace  plants  are  located  and 
which  are  supplied  by  our  rivers.  Where  raw  gas  is 
used  in  addition  to  the  loss  out  of  stacks  the  flue  dust 
is  a  nuisance  to  the  surrounding  community.  The 
water  from  the  wet  washer  sumps  adds  to  the  chemical 
and  mechanical  pollution  of  the  streams  by  carrying 
away  dissolved  salts  and  iron  ore  which  from  a  conser- 
vation standpoint  should  be  charged  into  the  furnaces. 
With  more  stringent  smoke  and  sewage  disposal  laws 


7^'  ....     , 
Fig.  5.' 

the  time  is  approaching  when  these  practices  will  be 
prohibited.  In  locations  where  water  is  scarce  or  the 
cost  of  pumping  high  the  dry  cleaning  process  elimi- 
nates a  serious  problem. 

Since  gas  is  such  an  advantageous  fuel,  requiring 
less  labor  and  cheaper  equipment,  and  permitting 
higher  combustion  efficiency  than  with  solid  fuels, 
efl^orts  should  be  made  to  obtain  the  utmost  from  it 
and  to  eliminate  the  burning  of  coal. 

The  following  is  an  itemized  comparison  showing 
the  savings  by  dry  cleaned  gas  over  washed  gas  and 
over  raw  gas  per  year  for  a  500-ton  furnace : 
Comparison  of  Dry  Cleaning  vs.  Wet  Washing  or  Raw  Gas. 
Saving  Per  500-Ton  Blast  Furnace  Per  Year. 

Saving  Per  Year 
Dry  Cleaned  Gas 
Over  Over 

Washed  Gas.      Raw  Gas. 

Saving  of  Sensible   Heat   (See   Fig.  2) 

(400  deg.  F.  Gas— 550  deg.  F.  Stack 

Temperature) .$22,000.00 

Fuel    Savini;    Due    to    Increased    Effi- 
ciency  .':.: 15,000.00        $15,000.00 

(5  per  cent  better  eff.  from  tests  of 
dry  vs.  wet  cleaned  gas) 

(Eff.  with  rough   gas   same  as  with 
wet — capacity  greater) 
Saving  of  $.1591  per  ton  of  iron-cleaned 

gas  over  rough   30,000.00 

Value  of  additional  flue  dust  recovered 

by  dry  cleaning  (a   $3.00  per  ton 3,400.00  13,050.00 

(47,500  lbs.  per  day  from  dry  cleaner) 

(40,300  lbs.  per  day  from  wet  cleaner) 

(15,000  lbs.  per  day  from  stoves  and 
boilers  with  raw  gas) 
Saving     in     power     (75     kw     for     Wet 

Washer — 1.5  kw  for  dry  cleaner  @ 

$.01   per  kwh)    _. 6,400.00 

Difference    in    cost    of    removing    flue 

dust    from    wet   washer    sumps    and 

from  dry  cleaner  to  stockpile 2,500.00 

Saving  in  blowing  tubes   (Tubes  blown 

twice     a     week     when     using     dry 

cleaned   gas)    800.00  1,900.00 
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Removing  dust  from   settings    (Differ- 
ence between  cleaned  and  raw  gas). 
Fuel  lost  heating  stoves  after  cleaning. 
Lat)or  cleaning  gas  mains  and  stoveS).  . 
(Does    not    include     value    of    gas 
wasted   or    bled    during   cleaning- 
mains  or  loss  due  to  increase  in 
top    pressure    during    period     of 
partial  line  stoppage) 


500.00 


Operating  labor  and  repairs — Dry  Gas 
Cleaner  less  Wet  Washer 


$50,600.00 
1,000.00 


1,600.00 

900.00 

3,300.00 


$65,750.00 
1,350.00 


Net  Total  Saving , $49,600.00        $64,400.00 

Based  on  coal  @  $4.00  per  gr.  ton;  Labor  at  30c  per  hour. 

Above  figures  are  based  upon  wet  cleaned  gas  of 
approximately  }i  grain  dust  per  cu.  ft.  and  dry  cleaned 
dust  of  1-4  grain  per  cu.  ft. 

One-half  grain  per  cu.  ft.  is  not  the  litnit  of  dry 
cleaning  as  blast  furnace  gas  can  be  dry  cleaned  to  a 


given  dust  content  with  an  installation  costing  about 
the  same  as  a  wet  washing  installation  for  the  same 
cleanliness. 

In  conclusion  it  might  be  said  that  since  the  heat 
saving  is  only  about  iU  jier  cent  of  the  total  saving 
over  wet  washing,  that  dry  cleaning  will  prove  ad- 
vantageous in  every  case  of  combustion  of  blast  fur- 
nace gas  with  the  exception  of  its  use  in  engines.  A 
dry  cleaning  plant  to  reduce  the  dust  content  to  gas 
engine  requirements  would  be  fairly  elaborate  and  the 
hot  gas  would  reduce  the  power  of  the  engines  due  to 
the  low  filling  factor  of  the  hot  gas,  .  e.  small  weight 
of  gas  per  stroke.  Here  the  wet  primary  process  in 
connection  with  the  Theisen  washers  or  equivalent  is 
the  only  method  to  be  considered  unless  superchargers 
are  employed.  Even  with  superchargers  the  power  for 
compressing  hot  gas  to  an  equivalent  weight  of  cold 
gas  is  greater  than  the  power  obtained  from  the  sen- 
sible heat. 


New  Flue  Gas  Filtering  System 


EVERY  boiler  operator  familiar  with  CO.  equipment 
knows  that  the  first  requisite  for  successful  opera- 
tion is  cleanliness  and  complaint  is  sometimes  heard 
of  the  time  required  for  blowing  out  the  gas  sampHng 
lines  and  keeping  the  mechanism  in  clean  condinon. 
Realizing  this  situation,  the  Uehling  Instrument  Com- 
panv,  71  Broadway.  New  York  City,  have  been  experi- 
menting with  many  substances  to  perfect  means  for 
completely  excluding  soot  and  dirt  from  the  gas  sam- 
pling line. 

Finallv  a  material  combining  the  necessary  porosity 
and  refractory  qualities  was  found  and  this  is  now  em- 
bodied in  the  new  Uehling  "Pyroporus"  filter,  which 
is  placed  on  the  inlet  end  of  the  gas  sampling  line  inserted 
in  the  flue  or  last  pass  of  the  boiler  furnace.  This  filter 
consists  of  a  heavy  but  highly  porous  disc  held  in  a  cup 
shaped  casting  by  means  of  a  bolt.  It  is  not  injured  by 
verv  high  temperatures. 

Formerly  the  gas  was  withdrawn  through  an  open- 
ended  pipe  and  the  filtering  was  accomplished  with  cot- 
ton waste ;  this  necessitated  more  or  less  blowing  out  of 
the  gas  line  and  required  frequent  renewal  of  the  filter- 
ing material.  With  the  new  arrangement,  the  soot  builds 
up  the  "Pyroporus"  filter  and  does  not  appear  to  enter 
the  pores  to  any  extent,  in  fact,  many  of  these  filters  have 
been  in  service  for  months  without  ever  having  been 
blown  out  or  replaced  and  without  apparently  offering 
appreciable  increased  resistance  to  the  gas  flow. 

It  is  not  yet  known  what  life  may  be  expected  of 
these  filters,  but  present  indications  are  that  the\-  will 
last  for  several  years  without  any  attention  whatsoever. 
They  are,  however,  inexpensive,  and  are  easily  replaced. 
To  facilitate  inspection  and  replacement  the  manufac- 
turer has  also  developed  a  frame  to  be  inserted  in  the 
brickwork  and  a  holder  for  the  sampling  pipe  which  is 
quickly  fastened  in  place  by  two  bolts.  By  loosening  the 
nuts  on  these  two  bolts  and  by  unscrewing  the  union  at 
the  bottom  of  the  section  of  sampling  line,  it  requires 
but  a  moment  to  withdraw  the  filter  through  the  frame. 
The  frame  is  the  width  of  two  bricks,  hence  it  is  a  sim- 
ple matter  to  insert  it  in  the  setting  without  cutting  a 


large  hole  in  the  brickwork.  When  the  sampling  line  is 
to  be  inserted  through  a  metal  casing,  as  with  a  horizon- 
tal tubular  boiler,  the  frame  is  omitted  and  the  holder 
is  bolted  directly  to  the  metal  casing  of  the  boiler. 

Aside  from  the  great  gains  in  the  reduction  of  atten- 
tion required  on  the  part  of  the  attendant  by  the  im- 
proved arrangement,  another  very  important  advantage 
results,  namely,  that  a  smaller  pipe  line  can  be  employed 
because  its  entire  cross  sectional  area  is  effective  when 
it  is  kept  clean.  Smaller  pipe  is  not  only  easier  and 
more  economical  to  install,  but  of  even  greater  advan- 
tage, it  takes  less  time  to  draw  a  given  volume  of  gas 
through  it  and  consequently  the  CO^  recorder  reflects 
furnace  operating  conditions  more  promptly  when 
smaller  pipe  is  used. 

While  designed  primarily  for  Uehling  COo  equip- 
ment, "Pyroporus"  filters  may  be  used  for  other  makes 
of  instruments  and  the  frames  and  holders  are  useful 
in  connection  with  pyrometers,  draft  gauges  and  for 
providing  convenient  openings  in  the  ftirnace  for  test 
and  observation  purposes. 


COKE  AS  A  FUEL. 

Floyd  Parsons,  editor  of  Gas  Age-Record  and  well- 
known  writer  on  industrial  economics,  urges  the  use 
of  coke  as  a  fuel,  he  says : 

"I  am  convinced  that  in  the  future  gas  will  be  inanu- 
factured  entirely  from  bituminous  coal  and  that  even- 
tually all  of  the  coke  will  be  utilized  in  the  process. 
In  sttch  a  practice  a  ton  of  coal  should  produce  abotit 
42,000  cu.  ft.  of  375  Btti  gas  having  a  specific  gravity 
of  about  55.  Gas  appliances  will  be  constructed  and 
adjusted  to  use  this  grade  of  gas  efficiently. 

"Heat  values  can  be  carried  in  the  form  of  gas  a 
long  distance  through  a  metal  pipe  more  economically 
than  they  can  be  carried  in  the  form  of  electricity  the 
same  distance  through  the  medium  of  a  metal  wire  or 
cable.  Electricity  has  a  monopoly  in  the  field  of  energy 
for  power.  Gas  has  an  etpial  i)])]3ortunity  to  monop- 
olize the  field  of  energy  for  heat." 
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Heating  Furnaces  For  Forgings 

The  Utilization  of  Waste  Gases  from  Heating  Furnaces — Results 
Obtained  Very  Surprising  When  Waste  Gases  Are  Used  by  Pre- 
heating the  Steel  Direct. 

By  C.  FISCHER 
Superintendent  Light,  Heat  and  Power,  Mesta  Machine  Co. 


THERE  are  still  a  number  of  heating  furnaces, 
using  natural  gas  as  a  fuel,  in  operation,  which 
will  have  to  be  rearranged  sooner  or  later  for  the 
use  of  a  different  kind  of  fuel.  The  price  of  natural 
gas  is  steadily  rising,  whilst  the  output  is  on  the  de- 
cline, so  much  so,  that  one  of  the  large  utility  corn- 
panies  in  Pittsburgh  has  found  it  necessary  to  mix 
artificial  gas  with  their  natural  gas  in  order  to  take 
care  of  the  demand. 

It  seems  therefore  quite  in  order  that  the  gas  com- 
panies distributing  and  supplying  natural  gas  should 
start  and  lead  campaigns  advocating  the  conservation 
of  that  fuel  and  educating  consumers  in  the  efficient 
and  economic  use  of  the  gas. 

The  results  obtained  with  the  various  types  of 
forge  heating  furnaces  as  to  the  amount  of  gas  con- 
sumed per  weight  of  steel  heated  vary  within  wide 
limits,  which  fact  can  be  attributed  to  the  different 
furnace  designs  and  the  varying  operating  conditions 
in  existence. 

All  furnaces,  irrespective  of  the  type  and  the  kind 
of  fuel  used,  require  oxygen  for  the  combustion  of  the 
fuel.  The  oxygen  is  taken  from  the  air,  which  is  sup- 
plied to  the  mixing  apparatus  or  burner  either  at 
atmospheric  pressure  or  by  means  of  fans  above  atmos- 
pheric pressure.  The  object  of  the  mixer  or  burner  is 
to  thoroughly  mix  the  fuel  with  the  oxygen  in  the  air, 
admitting  only  that  ainount  of  air,  which  is  necessary 
for  the  proper  combustion,  no  more  nor  less.  Too 
much  air  carries  heat  away  and  not  enough  air  re- 
duces the  heat  production.  The  burners  obtainable 
carry  out  this  duty  with  a  varying  degree  of  efficiency, 
but  with  a  burner  properly  designed  and  selected  so 
as  to  suit  the  furnace  and  operating  conditions  good 
results  can  be  obtained. 

The  waste  gases  leaving  the  furnaces  at  high  tem- 
peratures contain  a  considerable  amount  of  heat,  which 
in  some  cases  is  lost  entirely,  in  other  cases  is  made 
use  of  under  waste  heat  boilers,  and  still  in  other  cases 
is  employed  for  preheating  the  air  necessary  for  the 
combustion. 

It  is  the  third  application  of  the  waste  gases  which 
has  been  adopted  extensively  in  forge  heating  and 
other  industrial  furnaces,  as  each  furnace  with  its  air 
preheating  chambers  becomes  a  self-contained  unit. 
There  is  no  doubt,  that  the  fuel  consumption  per 
weight  of  steel  heated  can  be  reduced  by  adopting  this 
class  of  furnace,  but  whether  the  total  heating  costs 
are  very  much  lower  than  with  the  ordinary  type  heat- 
ing furnace  is  not  so  certain.  The  first  capital  outlay 
and  the  maintenance  of  these  furnaces  with  checker 
chambers  are  high,  the  operation  has  to  be  skillfully 
performed,  and  furthermore  it  is  a  difficult  matter  to 


thoroughly  mix  air  preheated  to  a  high  degree  with  the 
gas,  unless  further  complications  in  the  form  of  mov- 
able burners  or  mixers  are  introduced. 

It  occurred  to  the  writer,  that  the  waste  gases 
could  be  advantageously  put  to  use  by  preheating  the 
steel  direct,  and  the  results  obtained  with  three  fur- 
naces so  arranged  proved  that  a  step  in  the  right  di- 
rection was  made. 

The  mean  specific  heat  of  steel  for  various  tem- 
peratures is  approximately  as  shown  in  curve  below. 
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Fig.  1. 

The  forging  temperature  is  around  2400  deg.  F. 
The  mean  specific  heat  of  steel  between  32  deg.  and 
2400  deg.  F.  is  about  0.167,  therefore  the  amount  of 
heat  required  to  raise  the  temperature  of  one  pound 
of  steel  to  forging  heat  is : 

0.167  X  2400  =  400.8  Btu. 

The  actual  heat  consumed  is  considerably  more 
and  may  vary  from  1500  to  6500  Btu,  according  to  the 
type  of  furnace,  fuel  and  mixing  device  used.  For 
every  pound  of  steel  heated,  the  heat  lost  amounts  to 
1100  to  6100  Btu,  this  means  in  dollars  and  cents: 

Cost  of  Heat  Lost 

Per  Ton  of  Steel 

Heated. 


Fuel. 

Natural  gas 
Manufactured 

gas 
Fuel  oil 


Cost  per  Million 
Btu. 

$0.50 

$0.26  to  $0.42 
$0.43 


$1.10  to  $6.10 

$0.52  to  $5.12 
$0.95  to  $5.25 


While  it  is  possible  during  a  test  to  attain  low  heat 
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consumption  figures,  it  is  also  a  fact  that  test  con- 
ditions hardly  exist  over  long  periods  of  ordinary  oper- 
ating conditions.  During  the  ordinary  operation  of  a 
forge  shop  there  occur  unavoidable  delays  which  in- 
crease the  heat  consumption  and  furthermore  not  every 
pound  of  steel  heated  is  forged. 

The  construction  of  a  double  door  furnace  sepa- 
rated by  a  wall  and  connected  by  means  of  a  flue  as 
shown  in  Fig.  2  and  Fig.  3  is  a  sketch  of  two  large 
single  door  furnaces  connected  together.  Each  side 
or  furnace  is  equipped  with  a  Alaxon  Premix  Burner. 
This  burner  consists  of  a  fan  driven  by  a  constant 
speed  motor,  both  gas  and  air  inlets  are  on  the  suction 
side  and  the  volumes  are  controlled  by  a  simple  valve 
for  the  gas  and  a  disk  shutter  for  the  air.  By  this 
means  the  mixture  is  always  under  control  and  it  is 
possible  to  obtain  and  maintain  any  desirable  mixture. 
The  delivery  pressure  of  the  mixture  is  constant,  thus 
being  able  to  keep  the  furnace  under  a  slight  pressure 
and  so  prevent  infiltration  of  cold  air. 

Owing  to  the  circular  construction  of  the  furnace 
the  flame  has  a  rotating  motion,  thus  obtaining  the 
longest  possible  travel  of  the  gases.  This  feature 
makes  the  furnace  especially  adaptable  for  heating  in- 
gots. A  further  advantage  of  this  design  is  the  low 
maintenance  cost,  no  roofs  falling  in,  no  checker  cham- 
bers to  burn  out,  and  the  doors  or  frames  need  not  be 
water  cooled.  Not  only  is  the  simplicity  of  design  of 
both  furnace  and  burner  an  outstanding  feature,  but 
all  complicated  operating  devices,  which  may  cause 
delays  and  breakdowns,  thus  interferring  with  the 
economy  and  reliability,  are  practically  excluded.  Very 
often  special  refinements  are  included  in  an  installation 


Fig.  2 — Two  single  door  forge  furnaces  for  reheating 
ingots  and  half  finished  forgings.  The  waste  gases  of 
either  furnace  can  be  used  for  preheating  purposes. 

to  increase  the  economy,  which,  when  considered  with 
the  installation  as  a  whole,  materially  increase  the  risk 
of  delays  and  shutdowns. 


Both  sides  or  furnaces  can  be  charged  and  the 
waste  gases  of  either  one  can  be  used  to  preheat  the 
charge  in  the  other.  As  soon  as  the  finished  heat  is 
drawn,  the  side  or  furnace  containing  the  preheated 
material  can  be  brought  up  to  temperature.  By  clos- 
ing the  damper  each  side  or  furnace  can  be  operated 
independently. 

The  temperature  of  the  material  can  be  brought  up 
gradually  until  the  critical  point  is  reached,  which  is 
between  1200  deg  to  1500  deg.  Fahr.,  when  the  heating 
can  go  on  more  rapidly.  Owing  to  the  easy  control 
with  which  the  admitted  air  can  be  handled,  the  sur- 
faces of  the  steel  do  not  oxidize  so  readily  and  the  ma- 
terial loss  due  to  this  cause  can  be  reduced  to  a  mini- 
mum. 

The  gas  consumed,  using  natural  gas  as  fuel,  dur- 
ing the  heating  period  of  an  ingot  of  which  45,000  lbs. 
were  heated  amounted  to  82,500  cu.  ft.,  being  1.83  cu.  ft. 
or  about  1830  Btu  per  lb.  of  steel  heated. 

On  the  basis  of  the  weights  of  forgings  as  they 
leave  the  forge  shop  the  average  amount  of  gas  con- 
sumed over  a  period  of  one  week  was  3.5  cu.  ft.  or 
about  3500  Btu  per  lb.  of  steel  forged.  The  minimum 
and  maximtim  gas  consumption  during  that  period 
were  2.85  and  4.9  cu.  ft.  per  lb.  respectively.  The 
heating  and  forging  operations  however  were  not  con- 


Fig.  3 — One  double  door  forge  furnace  for  reheating  ingots 
and  half  finished  forgings.  Either  side  of  furnace  can  be 
used  independently  or  waste  gases  of  one  side  can  be  used 
for  preheating  material  in  other  side. 


tinuous  and  the  average  amounts  of  gas  consumptions 
mentioned  include  the  gas  lost  owing  to  delays.  In 
a  forge  shop  where  delays  are  kept  at  a  minimum  and 
the  operation  is  continuous  as  in  normal  times,  the 
heat  consumption  of  3500  Btu  per  lb.  of  steel  forged 
can  not  only  be  maintained,  but  can  be  reduced  with 
equipment  as  above  described.  The  heating  furnaces 
have  to  be  of  such  sizes  and  construction  as  to  suit  the 
dimensions  of  the  unshaped  material,  to  heat  small 
pieces  in  large  furnaces  or  vice  versa  reflects  on  the 
efficiency  of  the  furnace. 
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Effect  of  Sulphur  and  Oxides  in 

Ordnance  Steel 

Describing  the  Manufacture  and  Treatment  of  Steel  at  the  Naval 
Ordnance  Plant,  South  Charleston,  W.  Va. — Design  of  Gun 
Forgings.  By  william  j.  priestley 


IN  THE  manufacture  of  gun  forgings  and  other  steel 
parts  that,  in  service,  are  subject  to  sudden  high 
stresses  and  shocks,  it  is  most  desirable  to  use  steel 
possessing  the  greatest  toughness  and  ductility  pos- 
sible without  sacrifice  of  strength.  In  order  to  obtain 
this  condition,  it  is  necessary  to  procure  steel  that 
shows  the  highest  possible  elongation  and  reduction  of 
area  without  lowering  the  tensile  strength  and  elastic 
limit.  Proper  heat  treatment  of  the  steel  can  control 
this  condition  within  certain  limits.  When  heat  treat- 
ment has  failed  to  produce 
the  desired  results,  metal- 
lurgists have  used  steels 
containing  molybdenum, 
zirconium,  vanadium, 
chromium,  tungsten,  etc. 

The  purpose  of  this 
paper  is  to  describe  a 
method  by  which  these  de- 
sired physical  properties 
may  be  procured  — •  by  the 
elimination  of  certain  im- 
purities that  inherently 
exist  in  steel  made  by  the 
open-hearth  process,  and 
without  the  use  of  expen- 
sive alloys. 

Design  of  Gun  Forgings. 

In  the  manufacture  of 
gun  forgings,  a  certain 
elastic  limit  is  fixed  by  the 
designer,  and  the  walls  of 
the  gun  are  made  of  the 
proper  thickness,  allowing 
a  suitable  factor  of  safety 
for  the  high  stresses  and 
sudden  shocks  that  occur 
during  gun  firing.  The 
elastic  strength  of  the  gun 
is  about  1.4  times  the  stress 
set  up  at  any  point  along 
the  bore  of  the  gun  during 
firing  with  the  maximum 
powder  charge. 

As  the  stresses  set  up  in 


the  walls  of  the  gun  during 
firing  are  mostly  "tangen- 
tial." all  physical  tests  are 
taken  in  this  direction.  Due 
to  the  length  of  the  forg- 
ings,   these    tangential   test 


*.-\bstract  of  paper  to  be 
presented  before  American  In- 
stitute of  Mining  and  Metal- 
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The  manufacture  of  ordnance  forgings  from 
electric  steel  is  not  an  innovation.  It  was  tried, 
during  the  war,  in  a  number  of  plants.  Some 
of  these  plants  were  not  as  successful  as  others, 
probably  because  the  managers  were  not  suffi- 
ciently experienced  in  the  many  other  phases 
of  manufacture  necessary  in  the  making  of  ord- 
nance forgings. 

Steel  made  in  an  electric  furnace  will  not 
be  of  the  best  quality  unless  all  operations  and 
reactions  are  performed  completely  and  satis- 
factorily. Electric  steel  with  its  greater  free- 
dom from  oxides  and  non-metallic  impurities 
is  more  uniform,  more  homogeneous,  and  more 
dense  than  ordinary  open-hearth  steel,  and  if  it 
is  cast  at  too  high  a  temperature  or  chilled  be- 
yond a  certain  point  in  the  mold,  incipient 
cracks  will  develop.  These  minute  cracks  are 
radial  and  are  most  frequently  found  near  the 
center  of  the  ingot  or  forging.  Numerous 
electric-steel  plants  working  on  ordnance  ma- 
terial, during  the  war,  were  troubled  with  these 
defects,  which  from  their  physical  appearance 
in  test  bars  were  called  "snow  flakes." 

A  diversity  of  opinion  has  always  existed 
between  the  leading  ordnance  steel  plants  re- 
garding the  method  of  teeming  steel  into  the 
imolds.  Some  have  consistently  adhered  to 
bottom  pouring  while  others  have  claimed 
better  results  from  top  pouring  direct,  or 
through  funnels  or  boxes.  The  method  appar- 
ently makes  little  difference  if  the  steel  is 
placed  in  the  mold  at  the  proper  temperature 
and  has  been  properly  cleansed  before  teeming. 
Top  pouring  direct  obviates  the  danger  of  get- 
ting runner  brick  into  the  ingot,  which  fre- 
quently occurs  in  the  case  of  bottom  pouring. 
It  also  obviates  the  danger  of  sand  washing 
into  the  molds  with  the  metal  from  the  funnel 
or  box.  Bottom  pouring  will  give  a  better  sur- 
face on  the  ingot  and  for  some  purposes  may 
be  more  desirable. 


bars  arc  always  taken  at  right  angles  and  transverse 
to  the  direction  of  flow  of  the  metal  in  forging.  Fur- 
thermore, test  bars  taken  across  the  grain  of  the  metal 
will  more  frequently  expose  defects  and  foreign  inclu- 
sions in  the  steel  than  will  bars  taken  in  the  direction 
of  flow  of  the  metal  in  forging.  Impurities  in  the  steel 
will  also  be  more  readily  detected  by  transverse  f  test 
bars. 

With  a  fixed  tensile  strength  and  elastic   limit,  a 
steel  with  higher  elongation  and  reduction  of  area  is 

more  desirable  for  service 
where  sudden  stresses  and 
great  shocks  are  encount- 
ered. The  high  elongation 
denotes  ductility  and  the 
high  reduction  of  area  de- 
notes toughness ;  for  the 
purposes  just  mentioned, 
these  properties  are  prefer- 
able to  a  higher  tensile 
strength  and  higher  elastic 
limit  with  a  lower  elonga- 
tion and  lower  reduction  of 
area. 


Results  Obtained  with 
Electric  Steel. 

Some  interesting  results 
were  obtained  recently  in 
the  manufacture  of  heavy 
ordnance  forgings  at  the 
U.  S.  Naval  Ordnance 
Plant,  South  Charleston, 
W.  Va.  The  steel  was 
made  by  the  duplexing 
process,  in  which  cold 
charges  of  pig  iron  and 
scrap  were  melted  in  a  75- 
ton  basic  open-hearth  fur- 
nace, where  the  dephos- 
phorizing was  done,  and 
subsequently  the  deoxidiz- 
ing and  desulphurizing  was 
done  in  two  40-ton  basic- 
lined  electric  furnaces.  A 
comparison  of  the  physical 


tTcnsile  test  bars  referred 
to  here  as  transverse  are  taken 
from  the  forging  in  such  a  man- 
ner that  their  axis  is  at  right 
angles  to  the  direction  of  flow 
of  the  metal  in  forging.  In  the 
specifications  for  gun  forgings, 
bars  of  this  kind  are  referred 
to  as  "tangential."  The  axis  of 
a  "longitudinal"  test  bar  is 
parallel  to  the  direction  of  flow 
of  the  metal  in  forging. 
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results  obtained  from  forgings  made  by  this  process 
with  similar  forgings  made  directly  in  an  acid  open- 
hearth  furnace  at  the  works  of  one  of  the  leading  in- 
dustrial steel  plants,  noted  for  high-grade  open-hearth 
steel,  shows  that  the  steel  with  the  lower  phosphorus 
and  sulphur  has  the  greater  toughness  and  ductility 
Transverse  tensile  test  bars  from  electric  steel,  though 
having  the  same  tensile  strength  and  elastic  limit  as 
the  bars  from  the  open-hearth  steel,  have  a  much 
greater  elongation  and  reduction  of  area. 

The  results  given  in  Tables  1  and  2  were  obtained 
on  tangential  tensile  test  bars.     All  forgings  received 


Tensile 

Strepgth, 

Lb.  Per  Sq.  In. 

Tangential   111,500 

Tangential   108,500 

Longitudinal   109,600 

Longitudinal   109,400 


a  green  annealing  before  machining ;  after  machining 
they  were  quenched  and  drawn.  For  the  results  given 
in  Table  2,  it  was  impossible  to  procure  comparative 
results  from  open-hearth  or  electric  steel  made  in  pri- 
vate industrial  plants.  The  first  impression  on  com- 
paring these  results  is  that  the  higher  elongation  and 
reduction  of  area  are  due  to  the  low  phosphorus  and 
sulphur,  as  shown  by  the  chemical  analysis ;  all  the 
other  elements  are  approximately  alike. 

Effect  of  Phosphorus. 

It  would  be  difficult  to  draw  any  comparison  be- 
tween the  open-hearth  and  electric  steel  in  regard  to 
the  phosphorus  content.  This  element  is  in  solid  solu- 
tion with  the  iron  as  a  phosphide  and  the  percentages 
are  too  small  in  both  the  open-hearth  and  the  electric 
steel  to  denote  any  difference  even  with  a  microscope. 
The  lower  phosphorus  in  the  electric  steel  might  have 
a  slight  effect  on  the  elongation,  due  to  producing  a 
somewhat  smaller  grain  and  decreased  brittleness  in 
the  steel. 

Effect  of  Sulphur. 

It  has  been  stated  by  a  recognized  authority  on  the 
manufacture  of  steel  that  "the  eft'ect  of  sulphur  on  the 
cold  property  of  steel  has  not  been  accurately  deter- 
mined but  it  is  certain  that  it  is  iniimportant.  In  com- 
mon practice,  the  content  varies  from  0.2  to  0.10  ])er 
cent  and,  within  these  limits,  it  has  no  appreciable  in- 
fluence on  the  elastic  ratio  and  the  elongation  or  the 
reduction  of  area."  This  statement  probably  relates 
to  commercial  steels  tested  longitudinally.  In  this 
case  the  sulphur,  in  the  form  of  manganese  sulfide, 
has  been  drawn  out  into  thin  shreds  in  the  direction 
of  forging  or  rolling  and  is  not  so  easily  noticed  in 
the  results  of  longitudinal  test  bars  as  it  would  be  in 
the  case  of  transverse  bars.  With  the  overbalancing 
amount  of  manganese  present  in  all  the  steels  referred 
to  in  this  article,  probably  no  iron  sulfide  is  present 
in  the  steel  for  none  of  the  ingots  showed  any  signs 
of  tearing  during  forging.  Steel  containing  iron  sulfide 
is  known  to  tear  in  forging  and  is  termed  "hot-short" 
by  steelworkers.  Manganese  sulfide  has  been  de- 
scribed as  being  present  in  the  ingot  in  the  form  of 
small  globules  between  the  grains  of  the  metal.  Hav- 
ing about  the  same  fusing  point  as  the  metal,  these 
inclusions  become  equally  plastic  when  the  ingot  is 
heated  for  forging  and  are  drawn  out  into  long,  thin 


Elastic 

Limit, 

Lb.  PerSq.  In. 

Elongation, 
Per  Cent. 

Reduction 
of  Area, 
Percent. 

55,500 

21.3 

44.5 

58,000 

20.9 

40.2 

58,500 

24.1 

55.8 

59,700 

24.1 

56.3 

shreds — just  as  slag  is  drawn  out  in  wrought  iron.  If, 
however,  the  amount  of  manganese  sulfide  present  is 
not  enough  to  form  these  globules,  these  shreds  will 
not  be  developed  in  forging  and  transverse  test  bars 
will  show  as  good  results  in  elongation  and  contraction 
as  longitudinal  bars. 

The  following  test  bars  were  taken  from  a  piece  of 
this  steel.  Two  of  the  bars  were  drilled  longitudinal 
with  the  forging  and  the  other  two  tangential.  They 
were  given  exactly  the  same  heat  treatment,  quenched 
at  1425  deg.  F.,  and  drawn  at  1200  deg.  F. ;  the  results 
were  as  follows: 


Fracture. 
Silky  lipped. 
Irregular  and  woody. 
One-half  cupped  silky. 
Three-fourths  cupped  silky. 

It  will  be  noted  that  the  tensile  strength  and  elastic 
limit  are  practically  equal  in  the  tangential  and  longi- 
tudinal bars,  but  the  non-metallic  enclosures  in  the 
steel  caused  the  tangential  bars  to  show  a  lower  elonga- 
tion and  lower  contraction  than  the  longitudinal  bars. 

Effect  of  Oxygen. 

There  is  nothing  in  the  usual  chemical  analysis  to 
show  how  much  oxygen  is  present  in  steel.  It  exists 
in  small  amounts  in  even  the  best  steel  and  has  bad 
results.  In  large  amounts,  it  produces  tearing  during 
forging  or  rolling,  and  when  cold  is  brittle  under  shock. 
If  present  in  steel,  it  is  probably  in  the  form  of  iron 
and  manganese  oxide  and  silicates.  Oxygen  is  most 
prevalent  in  basic  open-hearth  steel.  Where  non- 
metallic  enclosures  are  great  enough  to  analyze,  they 
have  been  reported  to  show  the  following  composition : 
SiO.  50  per  cent,  MnO  30  to  40  per  cent,  AUO3  7  to 
18  per  cent,  FeO  trace.  In  the  acid  open-hea"rth  fur- 
nace a  more  effective  reaction  between  the  slag  and  the 
steel  tends  to  deoxidize  the  steel  more  thoroughly. 
This  cannot  be  done  completely  on  account  of  the  air 
present  in  the  acid  open-hearth  furnace. 

A  condition  exists  in  the  basic  electric  furnace 
which  cannot  exist  in  the  basic  or  the  acid  open-hearth 
furnaces.  With  a  reducing  atmosphere  in  the  furnace, 
it  is  possible  to  form  a  calcium  carbide  slag  free  from 
metallic  oxides ;  with  constant  rabbling  of  the  bath, 
any  oxides  in  the  steel  will  rise  to  the  slag,  where  they 
are  reduced  by  the  carbon  present.  The  iron  and  man- 
ganese are  returned  to  the  bath,  and  the  resulting  car- 
bon monoxide  is  liberated  to  the  atmosphere  of  the 
furnace.  Unless  the  slag  and  bath  are  free  from 
o.xygen,  it  would  be  impossible  to  maintain  a  carbide 
slag;  and  unless  the  slag  and  bath  were  thoroughly 
deoxidized,  it  would  be  impossible  to  retain  the  sulphur 
in  the  slag  as  calcium  sulfide. 

Hence,  the  conditions  that  bring  about  the  elim- 
ination of  sulphur  from  the  steel  guarantee  that  oxides 
and  other  non-metallic  impurities  have  also  been  elimi- 
nated. This  is  demonstrated  in  the  case  of  the  last 
two  forgings  in  Table  1.  While  the  forgings  were 
made  by  the  electric  refining  process  in  different  steel 
plants,  the  test  bars  of  steels  containing  the  higher 
sulphur,  show  no  better  results  than  the  forgings  made 
by  the  acid  open-hearth  process.  Photomicrographs  of 
the  electric  steel  with  high  sulphur,  reveals  more  en- 
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TABLE  1. 

Strength,          Limit,  Reduc- 
Manga-                           Phos-                                                   Pounds          Pounds       Elonga-         tion 

•Carbon,       ncse,         Silicon,        pliorus.        Sulphur       Nickel,              Per                Per              tion,  in  Area, 

Per            Per             Per              Per                Per              Per             Square          Square             Per  Per 

Cent.          Cent.          Cent.           Cent.            Cent.          Cent.              Inch.              Inch.            Cent.  Cent. 

Forging.  16  in.  diani.  by  9  ft.  long,  8j4  in.  bore;  weight  SOOO  lb.    Average  results  from  10  forgings  (or  20  bars)  of  each  class 

Open-hearth   steel*    ....     0.36            0.66            0.23              0.04              0.039            2.98              98,013            57.720            20.4  36.9 

Electric   steel    0.34            0.64            0.22              0.012             0.008             1.16              95,435            64.010            24.5  58.3 

Physical   requirements ...              ....              ....               ....              ...               80,000            50,000            21.0  30.0 

Forging,  11  in.  diam.  by  28  ft.  long,  7^  in.  bore;  weight  6000  lb.     Average  results  from  10  forgings  (or  40  bars) 

Oipen-hearth  steel 0.37            0.65            0.21              0.040            0.044            3.02             104,785            73,162            19.6  39.4 

Electric   steel    0.30           0.67            0.179            0.012            0.009            2.81              96,995            67,785           24.2  55.9 

Physical   requirements ...              ....              ....               ....              ...               90,000            55.000            18.0  30.0 

Forging,  9  in.  diam.  by  28  ft.  long,  Sy^  in.  bore;  w-eight  4000  lb.    Average  results  from  10  forgings  (or  40  bars) 

Open-hearth   steel   0.38            0.64            0.206            0.039             0.040            3.09             103.185            73,251             19.2  39.9 

Electric  steel   0.34            0.65            0.212            0.014             0.012            2.87             100.340            72,610            23.2  52.5 

Physical   requirements ...              ....              ....               ....              ...               90.000            55,000             18.0  30.0 

Forging,  26  in.  diam.  by  2  ft.  long,  S  in.  bore;  weight  40001b.    Average  results  from  5  forgings  (or  15  bars) 

Electric  steel*  0.37           0.54            0.182            0.020            0.026           2.66            110,182            67,067            17.8  37.1 

Electric  steel   0.35            0.72            0.169            0.006             0.008            2.91             108,681             77,038            20.2  49.3 

Physical   requirements ■■■              .■■■              ....              ...               95,000            65,000            18.0  30.0 

Forging,  9  in.  diam.  by  28  ft.  long,  5j4  in.  bore;  weight  4000  lb.    Average  results  from  10  forgings  (or  40  bars)  I 

Electric  steel*   0.39            0.53            0.16              0.020             0.025            2.65              95,245            64.979             19.3  37.0 

Electric  steel  0.34           0.64           0.21              0.014            0.012            2.87            100,340            72,610           23.2  52.5 

♦These  ingots  were  made  by  a  private  industrial  plant  during  the  war. 

TABLE  2. 

Tensile         Elastic 
Strength,         Limit, 
Manga-  Phos-  Sul-  Pounds        Pounds     Elonga- 

Carbon,       nese,        Silicon,      phorus,       phur.        Nickel,      Chrom-            Per                  Per            tion.  Reduction 

Per           Per             Per             Per            Per              Per       ium,  Per         Square           Square          Per  in  Area 

Cent.        Cent.         Cent.         Cent.          Cent.          Cent.         Cent.             Inch.              Inch.         Cent.  Per  Cent. 

Forging,  17^4  in.  diam.  by  28  ft.  long,  10  in.  bore;  weight  12,000  lb.    Average  results  of  10  forgings  (or  40  bars) 

0.36          0.72          0.224          0.014          0.009          2.90           ...              98,225            67,777          25.0  55.3 

Physical  requirements                                                                                                                                       90,000             60,000           18.0  30.0 

Forging,  22  in.  diam.  by  11  ft.  long,  16  in.  bore;  weight  6000  lb.     Average  results  of  10  forgings  (or  60  bars) 

0.35          0.74          0.184          0.012          0.009           0.59           ...              99,856           63,953          23.9  55.6 

Physical  requirements                                                                                                                               93,000            53,000           18.0  30.0 

Forging,  22}X  in.  diam.  by  11  ft.  long,  17  in  bore;  weight  6000  lb.    Average  results  of  10  forgings  (or  40  bars) 

0.36          0.55          0.206          0.021           0.015           3.14           1.39             140,332           124,182           17.1  48.0 

Physical  requirements                                                                                                                             130,000           105,000           15.0  40.0 

Forging,  24  in.  diam.  by  8  ft.  long,  16  in.  bore;  weight  6500  lb.    Average  results  of  10  forgings  (or  20  bars) 

0.35          0.75          0.214          0.012          0.008          0.52           ...            100.195            64,875          24.0  53.9 

Physical  requirements                                                                                                                               93,000            53,000           18.0  30.0 

Forging,  32  in.  diam.  by  2  ft.  long,  18  in.  bore;  weight  4000  lb.     Average  results  of  9  forgings  (or  27  bars) 

0.35          0.70          0.172          0.008          0.009          2.97           ...            102,509            71,572          22.4  53.8 

Physical  requirements                                                                                                                                       95,000             65,000           18.0  30.0 


closures  than  the  electric  steel  with  low  sulphur. 

Manufacture  of  Steel  at  Naval  Ordnance  Plant. 

From  the  foregoing  pln'sical  results  and  substan- 
tiating data,  it  is  evident  that  the  presence  of  stilphur, 
oxides,  and  other  non-metallic  enclosures  are  detri- 
mental to  the  ductility  and  toughness  of  steel.  Where 
the  best  quality  of  steel  is  required,  it  is  necessary  to 
keep  these  impurities  to  a  minimum.  The  basic  open- 
hearth  furnace  eliminates  the  phosphorus  but  only 
slightly  reduces  the  sulphur ;  the  oxides  must  be  elim- 
inated by  the  addition  of  deoxidizers.  such  as  ferro- 
manganese,  ferrosilicon,  aluminum,  etc.,  which  are 
sometimes  added  to  the  open-hearth  furnace  and  rab- 
bled after  the  air  is  shut  off  btit  more  frequently  are 
added  to  the  metal  in  the  ladle.  If  added  in  the  ladle, 
the  reactions  are  incomplete  and  the  products  of  com- 
bustion remain  suspended  in  the  steel,  forming  harm- 


ful non-metallic  inclusions.  Gun  forgings  and  other 
ordnance  material,  where  transverse  tests  are  required, 
have  never  been  successftilly  made  from  basic  open- 
hearth  steel.  The  bars  generally  fail  in  elongation  and 
reduction  of  area  tests,  becatise  of  the  presence  of  these 
incltisions.  They  generally  break  with  a  laminated  and 
woody  fracture. 

The  acid  open-hearth  furnace  is  better  for  making 
steel  free  from  oxides  and  non-metallic  impurities,  and 
ordnance  forgings  have  been  obtained  from  acid  open- 
hearth  steel.  While  neither  phosphorus  nor  sulphur 
can  be  eliminated  in  this  furnace,  the  amount  of  these 
impurities  may  be  kept  down  by  the  selection  of  high- 
grade  scrap  and  pig  iron.  The  oxides  may  be  largely 
eliminated  by  the  effective  reaction  between  the  slag 
and  the  steel. 

The   method   of  making  steel  at  the  U.   S.   Naval 
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Ordnance  Plant  aims  for  the  elimination  of  phosphorus, 
sulphur,  and  oxides.  The  metallic  charge  of  the  open- 
hearth  furnace  consists  of  40  per  cent,  basic  pig  iron 
and  60  per  cent  miscellaneous  scrap,  including  turn- 
ings, crop  ends,  etc.,  up  to  8  per  cent  of  limestone  is 
added  with  the  charge  and  sufficient  ore  to  lower  the 
carbon  to  approximately  0.20  to  0.25  per  cent,  which  is 
slightly  below  the  amount  required  in  the  finished  steel. 

The  pig  iron  has  the  following  approximate  an- 
alysis :  Carbon  3.50  to  4.00  per  cent,  manganese  0.95 
per  cent,  silicon  0.65  per  cent,  phosphorus  0.15  per 
cent  and  sulphur  0.04  to  0.05  per  cent.  The  crop  ends 
are  usually  low  in  phosphorus  and  sulphur,  being  the 
discard  from  ingots  made  at  this  plant  by  the  electric 
refining  process.  The  miscellaneous  scrap,  consisting 
of  boiler  plate,  punchings,  and  turnings,  average  ap- 
proximately 0.04  to  0.05  per  cent  phosphorus  and  sul- 
phur. 

The  limestone  shows  the  following  analysis:  SiO., 
1.43  per  cent,  Fe^Oj  +  AUOj  0.60  per  cent,  CaC03 
97.54  per  cent.  A  small  quantity  of  fluorspar  added  to 
the  slag  has  a  negligible  effect  upon  the  analysis. 

The  average  analysis  of  the  final  slag  taken  from 
the  open-hearth  furnace  on  nineteen  consecutive  heats 
just  before  tapping  is  as  follows:     SiO,  15.43  per  cent. 


of  the  steel  analysis  will  show  that  the  silicon  increased 
slightly ;  also,  that  there  was  a  slight  drop  in  carbon 
and  manganese  while  the  steel  was  in  the  ladle.  The 
average  phosphorus  content  of  the  charge  into  the  open 
hearth  was  about  0.08  per  cent,  because  of  the  com- 
paratively low  phosphorus  in  the  crop  ends. 

After  teeming  the  molten  open-hearth  steel  into  the 
40-ton  electric  furnaces,  a  new  slag  is  made  up  of 
burned  lime,  fluorspar,  and  ground  coke.  This  repre- 
sents, in  weight,  about  3  per  cent,  of  the  metal  charged 
and  is  added  from  time  to  time,  depending  on  the  con- 
dition of  the  bath  and  the  consistency  of  the  slag.  The 
operation  from  now  on  is  a  deoxidizing  one.  Under 
normal  conditions,  the  bath  is  held  from  3  to  5  hr.  in 
a  reducing  atmosphere.  The  burned  lime  used  m  mak- 
ing up  the  new  slag  from  the  electric  furnace  showed 
the  following  analysis :  SiO.,  2.50  per  cent,  FcOj  -|- 
Al  O3  1.50  per  cent,  CaO  68  per  cent,  MgO  20  per 
cent;  loss  on  ignition  8  per  cent.  The  MgO  content 
is  higher  than  usual,  but  a  local  lime  is  used  for  eco- 
nomic reasons ;  regular  practice  limits  the  MgO  content 
to  5  per  cent. 

The  final  slag  from  the  electric  furnaces,  after  fin- 
ishing the  steel,  showed  the  following  approximate 
analysis  on  six  consecutive  heats : 


Si02, 

Fe, 

ALO.,, 

Mn, 

CaO, 

MgO, 

P, 

s. 

CaC, 

'erCent. 

Per  Cent. 

Per  Cent. 

PerCent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

PerCent. 

Per  Cent. 

15.10 

0.64 

1.98 

0.27 

58.24 

16.13 

0.020 

0.281 

1.23 

8.16 

0.70 

3.32 

0.11 

64.01 

16.98 

0.067 

0.281 

1.14 

11.97 

0.66 

1.74 

0.53 

57.95 

14.53 

0.082 

0.188 

0.97 

9.20 

0.58 

4.39 

0.40 

61.76 

12.77 

0.044 

0.360 

1.31 

4.32 

0.74 

2.63 

0.14 

63.11 

16.21 

0.016 

0.393 

1.30 

17.60 

0.49 

3.26 

1.05 

58.32 

13.28 

0.030 

0.337 

1.33 

FeO  19.27  per  cent,  Al.Og  3.66  per  cent,  MnO  8.02  per 
cent,  CaO  45.02  per  cent,  MgO  6.37  per  cent,  PoO^ 
1.80  per  cent,  S.  0.031  per  cent. 

The  average  analysis  of  the  steel  prior  to  tapping 
these  same  heats  was  as  follows :  Carbon  0.23  per  cent, 
manganese  0.26  per  cent,  silicon  0.010  per  cent,  phos- 
phorus 0.007  per  cent,  sulphur  0.015  per  cent,  nickel 
0.66  per  cent,  chromium  0.00  per  cent.  After  it  is 
tapped  from  the  open-hearth  furnace  into  a  75-ton  ladle, 
the  steel  is  teemed  through  a  23,4  in.  nozzle  into  two 
40-ton  basic  electric  furnaces  for  deoxidizing  and  fin- 
ishing. Usually  2  lb.  of  50  per  cent  ferrosilicon  and 
3  oz.  of  aluminum  for  every  ton  of  steel  tapped  from 
the  open  hearth  are  added  to  the  ladle,  to  take  up  any 
oxygen  present,  which  might  lower  the  carbon  content 
while  the  steel  was  in  the  ladle. 

An  average  analysis  of  the  slag  in  the  ladle  from 
the  nineteen  heats,  after  teeming  into  the  40-ton  fur- 
nace was  as  follows :  SiOn  17.27  per  cent,  FeO  18.32 
per  cent,  AUO3  5.75  per  cent,  MnO  7.84  per  cent,  CaO 
42.79  per  cent,  MgO  8.15  per  cent,  P^Os  1.65  per  cent, 
S  0.028  per  cent. 

The  average  analysis  of  the  metal  as  teemed  into 
the  electric  furnaces  from  the  open  hearth  on  the  same 
heats  was  as  follows :  carbon  0.20  per  cent,  manganese 
0.23  per  cent,  silicon  0.037  per  cent,  phosphorus,  0.007 
per  cent,  sulfur  0.016  per  cent,  nickel  0.67  per  cent, 
chromium  0.00  per  cent.  Both  the  furnace  and  the 
ladle  slags  show  a  slight  increase  in  silica  and  alumina, 
which  may  be  caused  by  the  addition  of  the  ferro- 
silicon and  aluminum  into  the  ladle.  Some  of  these 
same  elements  may  have  been  washed  from  the  sides 
of  the  ladle  and  floated  up  into  the  slag.    A  comparison 


The  high  MgO  in  these  slags  comes  from  the  high 
MgO  in  the  lime  used.  The  low  sulphur  is  caused  by 
the  low  sulphur  in  the  charge.  The  high  basicity  of 
this  slag  and  its  freedom  from  metallic  oxides,  com- 
pared with  the  slag  from  the  open-hearth  furnace, 
should  be  noted.  Unless  the  slag  and  steel  are  thor- 
oughly deoxidized,  it  would  be  impossible  to  form  the 
carbide  slag,  without  such  a  slag,  it  would  be  impos- 
sible to  eliminate  the  sulphur  from  the  steel. 

The  finished  steel  on  these  same  six  heats  showed 
the  following  analysis: 


Manga- 

Phos- 

Carbon, 

nese, 

Silicon, 

Nickel, 

phorus. 

Sulphur, 

Per 

Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

0.32 

0.71 

0.250 

0.36 

0.022 

0.009 

0.,36 

0.74 

0.241 

3.03 

0.013 

0.008 

0.29 

0.74 

0.238 

2.78 

0.010 

0.007 

0.35 

0.71 

0.200 

0.31 

0.013 

0.008 

0.38 

0.67 

0.210 

2.97 

0.010 

0.008 

0.30 

0.78 

0.215 

2.83 

0.013 

0.010 

The  low  sulphur  in  the  final  slag  denotes  the  possi- 
bility of  removing  a  greater  amount  from  a  steel  of 
higher  sulphur  content  from  the  open  hearth.  This 
would  result  from  using  a  lower  grade  of  scrap  and 
pig  iron  with  higher  sulphur  content  in  making  up  the 
charge  for  the  open-hearth  furnace.  This  might  occur 
in  plants  where  miscellaneous  scrap  is  purchased  in 
the  open  market  and  where  crop  ends  are  not  so  low 
in  sulphur  as  those  at  this  plant. 

Description  of  Reactions. 

The    reducing   atmosphere    and    high    temperature 
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existing  in  the  electric  furnace  permit  the  following 
reactions:  When  the  molten  steel  comes  from  the 
open  hearth,  it  contains  oxides,  principally  in  the  form 
of  FeO  and  MnO.  As  the  MnO  is  less  soluble  in  the 
molten  metal  than  the  FeO,  it  rises  to  the  slag,  which 
has  been  added  on  top  of  the  steel  as  teemed  into  the 
electric  furnace.  This  slag  contains  CaO  and  C.  As 
the  MnC)  rises  to  the  slag,  the  following  occurs: 

MnO  +  C  =  Mn  +  CO  (1) 

The  Mn  goes  back  to  the  liath  and  the  CO  is  liberated 
as  a  gas.  When  the  Mn  goes  back  to  the  bath,  the 
following  reaction  takes  place  : 

FeO  +  Mn   =  Fe  +   MnO  (2) 

Reaction  ( 1 )  again  takes  place.  When  this  reaction 
is  complete  and  all  metallic  oxides  eliminated  from 
the  slag,  another  reaction  between  the  lime  and  carbon 
takes  place,  in  which  calcium  carbide  is  formed: 

CaO  +  3C  =  CaC,  +  CO  (3) 

This  reaction,  however,  will  not  be  stable  as  long 
as  there  is  a  migration  of  either  MnO  or  FeO  from  tli,e 
bath  to  the  slag.     In  this  case,  the  following  occurs: 


CaC,  +  3MnO  =  CaO  +  3Mn  +  2CO 

or 

CaC ,  -j-  3FeO  =  CaO  +  3Fe  +  2CO 


(4) 


(5) 
As  long  as  the  slag  retains  its  carbide  condition  after 


repeated  rabbling,  it  may  be  assumed  that  the  bath 
has  been  freed  from  oxides.  When  reaction  (3)  be- 
comes stable,  it  is  possible  to  eliminate  the  sulphur 
from  the  steel. 

The  sulphur  is  present  as  FeS  and  MnS.  y\s  cal- 
cium has  a  greater  affinity  for  sulphur  than  either  Fe 
or  Mn.  its  ])resence  in  the  slag  causes  the  following 
reaction : 

3FeS  -I-  CaC,  +  2CaO  —  3Fe  +  3CaS  +  2CO  (6) 

and 

3MnS  +  CaC,  +  2CaO  =  3Mn  +  3CaS  +  2CO     (7) 

The  Fe  and  Mn  return  to  the  bath,  the  CO  goes 
off  as  a  gas,  while  the  CaS  is  held  in  the  slag.  If  for 
any  reason  the  slag  should  take  up  any  metallic  oxide, 
the  conditions  expressed  in  equations  (6)  and  (7) 
would  be  reversed  and  the  calcium  would  give  up  the 
sulphur  as  follows : 

CaS  +  FeO  =  FeS  +  CaO  (8) 

or 
CaS  +  MnO  =  MnS  +  CaO  (9) 

A  simple  test  for  the  presence  of  CaC,  in  the  slag 
may  be  made  by  sprinkling  water  on  the  slag. 

Acetylene  gas  is  given  off  as  a  result  of  the  follow- 
ing reaction : 

CaC,  +  H,0  =  CaO  +  C,H, 


Refractories  In  The  Steel  Plant 


General  Discussion  Dealing  with  the  Investigations  Made  on  Re- 
fractories During  the  Past  20  Years — Necessary  to  Establish  Suit- 
able Specifications. 

By  W.   A.   HULL 
Chief  of  the   Refractories  Section  Bureau  of  Standards,  Washington,  D.  C. 


IF  THE  manufacturer  who  uses  refractories  can  count 
on  a  furnace  for  the  term  of  uninterrupted  production, 
which  experience  has  established  as  reasonable,  then 
he  can  co-ordinate  that  furnace  with  the  rest  of  his 
plant  unit  and  depend  on  uninterrupted  production.  It 
goes  without  saying,  that  any  addition  to  the  established 
life  of  the  furnace  is  a  distinct  gain,  but  the  vital  thing  is 
inmnmity  from  the  unexpected  shutdown.  The  dread  of 
the  production  man  is  the  lot  of  brick  that  will  not  go 
the  distance,  and  his  complaint  when  he  finds  evidence 
of  nonuniformity  in  an  established  brand  of  fire  brick 
comes  from  the  heart. 

The  question  of  price  is  one  of  the  big  stumbling 
blocks  in  the  way  of  improvement.  It  is,  perhaps,  not 
going  too  far  to  say  that  the  greatest  transgressor  in  de- 
laying progress  is  the  purchasing  agent.  Not  until  the 
information  gained  by  the  production  man  and  the  metal- 
lurgist penetrates  to  his  sanctum  in  sufficient  quantities 
to  produce  an  etTect  can  the  refractories  question  be  said 
to  be  on  a  fair  way  to  a  satisfactory  solution.     Progress 


♦Abstract  of  paper  presented   before   American   Iron  and 
Steel  Institute,  New  York  City,  November  18,  1921. 


has  already  been  made  in  this  department,  but  the  more 
rapidly  it  becomes  general,  the  better. 

One  of  the  great  handicaps  of  the  purchasing  agent 
is  the  almost  total  lack  of  specifications.  Both  manu- 
facturers and  consumers  of  refractories  have  been  rather 
gun  shy  on  this  point;  and  in  the  writer's  judgment  it 
is  one  of  the  things  that  they  will  have  to  come  around 
to  and  get  together  on  in  order  to  make  the  best  speed. 
Up  to  this  time  the  matter  of  specifications  has  been  left 
too  much  to  the  fire  brick  manufacturers ;  and  their 
tendency  is  to  make  specifications  fit  the  brick  which 
they  make,  and  with  which  they  are  familiar,  rather  than 
to  make  them  to  fit  service  requirements.  Obviously  this 
is  putting  the  cart  before  the  horse ;  for  the  purpose  of 
a  specification  is  to  secure  a  quality  that  will  meet  a 
definite  requirement.  In  refractories,  as  in  other  things, 
the  user  is  in  a  better  position  to  describe  what  he  re- 
quires than  is  the  man  who  proposes  to  make  the  article. 
If  the  user  makes  a  specification  that  simply  corresponds 
to  the  miaterial  which  he  is  already  obtaining,  it  will,  of 
course,  serve  a  certain  limited  purpose,  but  if  he  knows 
the  qualities  actually  required  for  a  given  service  and 
can  describe  those  qualities  in  terms  of  a   few  simple 
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tests,  he  c'an  draft  a  specification  that  will  bring  in  the 
kind  of  brick  he  wants.  It  may  not  be  on  the  market 
when  the  specification  is  made,  but  if  it  represents  an 
established  demand  for  any  large  tonnage  of  refractories, 
it  will  furnish  a  definite  goal  worth  working  for.  There 
is  a  definite  service  to  be  performed  by  the  specification 
that  is  simply  set  up  to  shoot  at.  If  it  is  anything  within 
reason,  somebody  is  going  to  liit  it,  simply  because  it  is 
there  to  aim  at.  Of  course,  the  user  must  actuall>  buy 
brick  on  specifications  that  can  be  met  at  once,  but  they 
should  not  be  drawn  to  the  level  of  what  the  majority 
of  producers  are  turning  out.  Another  important  point 
is  to  keep  the  number  of  specifications  small  so  that  the 
producers  can  market  a  large  tonnage  of  brick  made  to 
one  specification.  In  order  to  carry  this  principle  to 
its  logical  conclusion,  the  specifications  of  different  con- 
sumers should  be  unified  as  far  as  possible.  The  refrac- 
tories producers  can  co-operate  effectively  in  this,  and 
there  is  no  doubt  that  they  will ;  but  there  is  a  tendency 
which  has  been  found  to  prevail  in  many  cases  whicli 
must  be  guarded  against.  This  is  the  tendency  to  hold 
the  specification  down  to  the  level  of  the  average  producer 
or  even  of  the  tail-ender. 

The  Bureau  of  Standards  is  the  logical  clearing-house 
to  serve  both  consumer  and  producer  in  the  preparation 
and  unification  of  specifications.     It  can,  perhaps,  be  of 
greater  service  to  consumers  than  to  producers  because 
the    former  are   less   united   and   their   problems   are   so 
diversified.    The  Bureau  is  now  working  in  co-operation 
W4th  consumers,  distributors  and  producers  on  the  prep- 
aration of  specifications  for  certain  materials.     It  is  sur- 
prising   how    many    important     commodities     are     being 
bought  without  specifications  and  how  much  difference 
is  found  in  the  quality  of  different  makes  of  the  same 
article,  all  of  which  look  to  be  substantially  alike.    There 
is  no  question  that  in  certain  lines  some  manufacturers 
are  making  and  marketing  an  inferior  product   without 
knowing  it,  simply  because  no  standard  of  quality  e.^ists. 
Granting  that  a  specification  .should  be  made  to  con- 
form to  the  service   requirement,   the   first   essential   to 
the  preparation  of  any  specification  is  a  knowledge  of  the 
properties    in    the    refractory    which    determine    its    life 
under  the  given  conditions.     The  fact  that_  specifications 
are  not  now  available  is  probably  due,  not  so  much  to  a 
lack  of   appreciation   of   their  potential   value,   as   to   an 
underlying  uncertainty  as  to  the  application  of  any  pro- 
posed set  of  test  requirements  in  actual  service.     A  test, 
in  order  to  be  of  practical  value,  must  be  one  that  can 
be  made  conveniently  and  in  a  comparatively  short  time. 
In  actual   service,   the   fire  brick  must  last  a   compara- 
tively   long   time.      It    naturally    follows    that    the   tests 
considered  in  connection  with  proposed  specifications  are 
what  are  called  accelerated  tests — something  that  will  de- 
termine a  given  property  of  the  material  rather  quickly. 
This  in  itself  demands  a  departure  from  service  condi- 
tions.    Also,  there  are  a  good  many  agencies  affecting 
the  life  of  a  brick  in  service  which  it  would  be  extremely 
difficult  to  duplicate  in  anything  except  in  actual  service 
test.     For  example,  it  would  require  a  good  deal  of  pre- 
liminary research  to  make  it  possible  to  approximate  in 
a  test  the  destructive  action  of  the  fluxes  in  the  atmos- 
phere of  an  open  hearth  furnace  or  an  electric  furnace. 
Testimony  has  been  given  by  prominent  men  outside  the 
steel  industry  to  the  effect  that  they  have  fotmd  impor- 
tant  differences   in   the    service   of    different   grades   of 
brick  which  they  have  not  been  able  to  connect  with  dif- 
ferences in  their  properties,  as  shown  by  any  of  the  tests 
that  they  have  applied. 

In  other  lines  than  refractories,  extended  research 


has  been  found  necessary  to  the  preparation  of  suitable 
specifications.  For  example,  the  Bureau  of  Standards 
has  recently  prepared,  after  much  preliminary  work,  a 
specification  for  leather  belting.  In  the  course  of  the 
study  of  this  problem  a  number  of  surprises  were  en- 
countered, one  of  which  was  that  the  best  belting  was 
not  the  strongest.  In  the  case  of  refractories,  it  has 
long  been  recognized  that  the  most  refractory  brick  are 
not  the  best  for  all  purposes  and  that  there  was  much  to 
be  learned  about  the  relation  of  other  determinable  prop- 
erties to  service  requirements.  The  work  of  the  Bureau, 
up  to  this  time,  has  been  devoted  largely  to  the  study 
of  some  of  these  properties  and  the  development  of  tests 
for  determining  them.  A  portion  of  this  work  has 
already  been  referred  to,  but  it  seems  worth  while  to 
consider  it  somewhat  more  in  detail. 

One  of  the  first  and  most  fundamental  of  the  inves- 
tigations taken  up  was  that  reported  in  Technologic 
Paper  No.  10,  on  the  "Melting  Point  of  Fire  Brick,"  by 
Dr.  C.  W.  Kanolt.  In  this  paper  a  scientific  discussion 
of  the  problem,  including  a  consideration  of  the  fact  that 
fire  brick  do  not  have  a  true  melting  point,  is  to  be  found. 
Determinations  were  made  of  the  melting  points  of  62 
samples  of  fire  brick  and  of  materials  of  imiportance 
in  the  manufacture  of  fire  brick.  These  samples  included 
fire  clay  brick,  bauxite  brick,  silica  brick,  magnesite  brick, 
cromite  brick,  kaolin,  pure  alumina,  pure  silica,  bauxite, 
bauxite  clay,  and  chromite.  Temperatures  were  meas- 
ured with  an  optical  pyrometer.  .An  improved  method 
of  calibrating  optical  pyrometers  is  described.  It  is  need- 
less to  call  attention  to  the  importance  of  the  fundamen- 
tal data  furnished  by  a  work  of  this  kind  when  done  in 
the  thorough  and  painstaking  way  in  which  this  was 
done. 

Although  a  correct  knowledge  of  the  melting  points 
of  refractory  materials  is  of  fundamental  imjDortance  to 
investigators,  it  was  realized,  by  those  studying  problems 
connected  with  refractories,  that  the  ability  of  a  given 
grade  of  brick  to  stand  up  at  a  given  temperature  under 
furnace  conditions,  could  not  be  judged  within  suffi- 
ciently close  limits  by  the  melting  points.  Due  to  vis- 
cosity, some  materials  would  preserve  their  form  in  a 
fusion  test  at  temperatures  higher  than  they  would  stand 
in  a  furnace  where  they  were  subjected  to  at  least  a 
moderate  load.  In  order  to  develop  a  test  which  would 
more  nearly  approximate  service  conditions  and  be  of 
value  in  the  practical  testing  of  refractories,  a  large 
amount  of  work  was  done  by  the  Bureau  and  was  re- 
ported in  Technologic  Paper  No.  7,  by  A.  V.  Bleininger 
and  G.  H.  Brown.  This  report  is  entitled :  "The  Test- 
ing of  Clay  Refractories,  with  Special  Reference  to  Their 
Load  Carrying  Ability  at  Furnace  Temperature."  Gen- 
eral consideration  of  the  refractoriness  of  fire  clay 
bricks,  their  viscosity  at  furnace  temperatures,  nature 
and  manufacture  of  refractory  clays,  effect  of  accessory 
constituents  upon  softening  temperatures,  effect  of 
fluxes  on  refractories,  eft'ect  of  heat  upon  dehydration, 
contraction,  crystallization,  and  load  carrying  capacities, 
are  included  as  well  as  a  large  amount  of  test  data.  A 
brief  summary  of  the  conclusions  includes  the  follow- 
ing points : 

Referring  to  a  clay  material  which  is  sufficiently 
plastic  so  that  no  bonding  material  is  necessary,  it  is 
stated  that  "a  pure  clay  of  moderate  plasticity  would  be 
the  ideal  material  for  the  manufacture  of  fire  bricks." 
It  was  found  that  at  the  temperatures  employed,  the 
presence  of  even  a  small  amount  of  fluxes  becomes  a 
potent  factor  and  the  superiority  of  a  clay  high  in  silica 
and  low  in  fluxes  over  one  possessing  the  silica-alumina 
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ratio  of  kaolin,  l)ut  higluT  in  Huxcs,  was  shown.  The 
danger  of  the  combination,  including  both  high  silica  and 
high  fluxes,  was  pointed  out,  as  was  the  importance  of 
the  size  of  grain.  The  importance  of  the  effect  of  fluxes 
on  the  ability  of  refractories  to  carry  load  was  empha- 
sized. 

In  regard  to  grog,  or  prc-burncd  clay,  we  find  the 
following  statement:  "Its  function  from  the  standpoint 
of  load-carrying  ability  is  two  fold:  By  proper  sizing 
it  may  be  niade  to  improve  the  mechanical  strength  of 
the  product;  by  using  grog,  consisting  of  high-grade  clay 
and  grinding  part  of  it  hne,  the  .standing  up  quality  is 
improved." 

In  connection  with  the  consideration  of  the  manufac- 
ture of  refractories  from  flint  and  bond  clay,  the  follow- 
ing recommendations  were  made : 

"If  a  flint  bond  clay  mixture  should  prove  unsatis- 
factory as  regards  its  ability  to  carry  loads,  the  first  step 
would  be  to  cut  down  the  amount  of  plastic  clay,  if  pos- 
sible. If  this  should  not  be  feasible  or  beneficial,  the 
plastic  material  would  be  improved  by  grinding  it  inti- 
mately with  a  portion  of  the  flint  clay  to  such  a  degree 
of  fineness  as  would  insure  thorough  incorporation. 
This  could  be  done  by  dry,  or  preferably  wet  grinding. 
In  the  latter  case  it  might  be  possible  to  pug  the  addi- 
tional coarser  flint  clay  into  the  slip,  which  naturally 
would  be  maintained  as  thick  as  possible.  The  finely 
ground  flint  clay  would  not  remain  inert,  but  would  of 
course  develop  some  plasticity." 

"By  paying  attention  to  the  sizing  of  the  ground 
clays  so  as  to  produce  as  den.se  a  structure  as  possible, 
by  the  use  of  less  water  and  by  adopting  dry  pressing, 
the  load  carrying  capacity  of  the  fire  bricks  would  be 
increased.  Likewise,  burning  at  as  high  a  temperature 
as  possible  assists  in  bringing  about  the  same  result.  Ex- 
periments carried  on  by  the  writers  have  show'n  that 
harder  burning  has  increased  the  strength  of  fire  bricks 
appreciably. 

"Unfortunately,  the  users  of  refractories  do  not  real- 
ize the  cost  of  producing  high  grade  ware,  but  insist  upon 
low  prices,  which  do  not  permit  the  manufacturers  to 
exercise  that  care  in  the  selection,  mixing,  sizing  and 
burning  of  the  products  which  is  necessary  for  the  best 
results.  It  is  self  evident  that  this  is  poor  policy  as  the 
initial  cost  of  the  refractories  is  very  small  compared 
with  that  of  repairs  and  the  loss  caused  by  shutdowns." 

One  of  the  points  brought  out  in  the  discussion  of 
specifications,  which  follows,  is  that  for  many  purposes, 
products  of  No.  2  grade  are  far  more  suitable  than  the 
more  expensive  high  class  refractories.  It  is  believed 
that  the  importance  of  this  fact  is  nnich  more  generally 
realized  in  1921  than  it  was  in  1911,  when  this  paper  was 
published. 

In  connection  with  the  recommendations  made  in  this 
paper  as  to  the  mixing  of  fine  groimd  flint  clay  with  the 
less  refractory  bond  clay,  to  improve  the  refractory 
qualities  of  fire  clay  bricks,  it  should  be  noted  that  at 
this  time  bricks  are  being  made  for  a  trial  lining  for  a 
blast  furnace  at  Cleveland,  Ohio,  in  which  this  principle 
is  being  carried  out.  A  portion  of  the  bond  clay  for 
these  bricks  is  replaced  by  bauxite.  The  material  used 
is  a  waste  product  of  bauxite  mines.  The  amount  used 
represents  approximately  10  per  cent  of  the  total  raw 
batch.  The  results  of  this  service  test  will  be  watched 
with  much  interest. 

At  the  end  of  this  paper  on  load  testing,  the  authors 
submit  a  set  of  suggested  specifications  for  three  grades 


"I  refractories.  Tiiese  will  be  given  in  detail  further 
along  in  this  paper  in  connection  with  other  speci- 
fications. 

The  following  investigations  made  by  the  Bureau, 
while  of  more  general  application  than  the  foregoing, 
are  of  value  in  connection  with  the  study  of  refractories 
for  various  purposes: 

Technologic  Paper  Xo.  17 — "The  Function  of  Time 
in  the  \'itrification  of  Clays." 

Technologic  Paper  No.  2 — "The  Effect  of  Overfiring 
on  the  Structure  of  Clays." 

Technologic  Paper  No.  23 — "Use  of  Sodium  Salts  in 
the  Purification  of  Clays  and  in  the  Casting  Process." 

Another  investigation  of  importance  was  reported  in 
Technologic  Paper  No.  79,  "Properties  of  Some  Euro- 
pean Fire  Clays,"  by  Bleininger  and  Schurecht.  This 
was  published  in  1916.  The  properties  of  five  well- 
known  European  fire  clays  used  in  the  manufacture  of 
glass,  refractories,  graphite  crucibles,  etc.,  were  studied. 
Methods  that  had  been  developed  in  the  Bureau  for  at- 
tacking problems  of  this  sort  were  employed.  The  con- 
tent of  shrinkage  and  pore  water,  the  drying  shrinkage, 
fineness  of  grain,  mechanical  strength  in  the  dry  state, 
the  Atterberg  plasticity  number,  rate  of  vitrification  and 
softening  temperature  were  determined.  A  comparison 
of  these  materials  as  to  their  suitability  for  several  pur- 
poses, was  given,  and  tentative  specifications  were  sug- 
gested for  the  selection  of  clays  which  might  be  used  as 
substitutes  for  these  foreign  nuaterials.  American  clays 
are  available  which,  if  used  as  mixtures,  can  take  the 
place  of  the  imported  clays  with  equally  as  good  or 
superior  results. 

In  Technologic  Paper  No.  104,  "The  Effect  of  Size 
of  Grog  in  Fire  Clay  Bodies,"  the  following  findings 
were  reported : 

The  effect  of  the  size  of  the  calcined  portion,  or  grog, 
upon  the  properties  of  the  fire  clay  bodies  is  as  follows: 
Strength  of  the  raw  body  depends  upon  a  number  of  fac- 
tors and  does  not  vary  with  the  size  of  the  grog.  Strength 
of  burned  bodies  increases  directly  with  decrease  of  the 
size  of  grog.  In  quenching  tests  from  600  deg.  C.  and 
1000  deg.  C.  mixtures  of  the  larger  sizes  of  grog  gave 
the  more  resistant  bodies.  Application  of  results  and 
European  practices  are  given  brief  consideration  in  this 
report. 

The  large  amount  of  data  on  the  properties  of 
American  bond  clays  is  given  in  Technologic  Paper  No. 
144,  "Properties  of  American  Bond  Clays  and  Their 
Use  in  Graphite  Crucibles  and  Glass  Pots,"  by  A.  V. 
Bleininger. 

"The  physical  properties  of  three  typical  German 
clays  formerly  imported  in  large  quantities  were  de- 
scribed in  detail  and  on  the  basis  of  constants,  which 
make  possible  accurate  comparison  and  evaluation  of 
American  materials.  Similarly  the  physical  character- 
istics of  23  American  and  2  English  bond  clays  were  de- 
termined. Of  these,  several  approach  the  Klingeiiberg 
and  Grossalmerode  clays  quite  closelv.  Others  by  suit- 
able blending  can  be  made  to  equal  or  excel  the  European 
clays." 

It  is  stated  in  this  paper  that  for  crucible  making  the 
best  clays  should  show  a  pore  shrinkage  water  ratio  of 
not  more  than  1  :1 ;  a  modulus  rupture  for  a  clav  sand 
vitrification  point  of  1150  deg.  C.  or  lower;  no  marked 
evidence  of  overfiring  at  1400  deg.  C,  and  a  softening 
point  corresponding  to  Orton  cone  31.  or  above.  For 
glass  pots,  the  best  materials  should  show  a  pore  shrink- 
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age  water  ratio  of  not  more  than  1  :1 ;  a  modulus  of  rup- 
ture, when  mixed  with  equal  weights  of  sand,  of  not 
less  than  250  pounds  per  square  inch ;  a  vitrilication  tem- 
perature of  approximately  1275  deg.  C. ;  an  overliring 
temperature  not  helow  1425  deg.  C,  and  a  softening  point 
equivalent  to  Orton  cone  29,  or  above. 

An  extremely  comprehensive  piece  of  work  and  one 
having  an  important  bearing  on  the  matter  of  specifica- 
tions, is  that  reported  in  Technologic  Paper  No.  159,  by 
G.  A.  Loomis,  entitled  "Porosity  and  Volume  Changes 
of  Clay  Firebricks  at  Furnace  Temperatures."  In  this 
paper  the  methods  of  test  for  refractories  already  in  use 
are  discussed.  Sixty-one  kinds  of  brick  from  different 
sections  of  the  country,  made  by  different  processes, 
were  studied.  Changes  in  porosity  and  volume  taking 
place  in  these  refractories  when  heat  treated  at  tempera 
tures  up  to  1450  deg.  C.  are  given.  The  behavior  of  the 
different  bricks  as  change  in  volume  and  porosity  is  cor- 
related with  the  behavior  in  the  load  tests  and  with  their 
softening  points. 

The  following  discussion  of  the  application  of  poros- 
itv  and  volumes  change  determinations  on  fire  clay  bricks, 
is  given : 

"The  determination  of  porosity  or  volume  changes  of 
fire  clay  bricks,  burnt  at  some  temperature  between  1350 
deg.  and  1425  deg.  C.  affords  a  means  of  separating  a 
certain  proportion  of  bricks  which  would  fail  in  the 
load  test.  The  limits  of  3  per  cent  in  volume  change  (or 
1  per  cent  in  linear  contraction  or  expansion)  and  5  per 
cent  decrease  in  porosity  at  1400  deg.  C.  do  not  eliminate 
all  bricks  which  cannot  withstand  such  a  test,  but  mate- 
rially reduce  the  number  which  would  require  such  test- 
ing. In  this  respect  it  would  be  of  considerable  advan- 
tage in  comparing  the  quality  of  a  large  number  of  sam- 
ples, since  the  porosity  and  volume  changes  may  be  de- 
termined readily  from  a  single  burn  in  a  test  kiln.  To 
make  standard  load  tests  on  a  number  of  bricks  requires 
considerable  time  and  expense,  even  if  several  furnaces 
were  available. 

"The  determinatiiin  of  vohune  changes  is  compara- 
tivelv  simple  when  porosities  are  also  determined,  since 
the  dift'erence  in  the  wet  and  suspended  weights  of  the 
specimens  affords  a  measurement  of  volume  practically 
as  accurate  as  by  means  of  the  volumenometer. 

"The  porositv  and  volume  changes  in  burning  may 
also  be  used  advantageously  as  a  means  of  determining 
the  uniformity  of  quality  of  a  lot  of  bricks  of  a  single 
brand.  The  behavior  of  such  bricks  .should  be  fairly 
uniform  if  they  be  of  equal  quality.  .Such  application 
of  these  measurements  would  be  of  value  to  the  manu- 
facturer as  well  as  to  the  consumers. 

".\  study  of  the  curves  for  porosity  and  volume 
changes  for  a  series  of  burning  temperatures  offers  a 
means  of  determining,  in  some  measure,  the  causes  of 
failure  of  certain  bricks  in  the  load  test.  If  this  is  due 
to  underburning,  resulting  in  excessive  deformation 
under  load  due  to  shrinkage,  a  considerable  decrease  in 
porosity  and  volume  will  be  found  at  the  lower  burning 
temperatures.  Clays  of  inferior  quality  which  over- 
burn  will  be  detected  by  marked  expansion  at  some  point 
in  the  burning,  usually  accompanied  at  a  somewhat 
higher  temperature  by  an  increase  in  porosity  due  to 
vesicular  structures,  show  gradual  but  marked  contrac- 
tion and  decrease  in  porosity  as  the  burning  temperature 
is  increased." 

The  results  of  the  work  are  summarized  as  follows: 
1.     Bricks  which  are  capable  of  withstanding  a  pres- 


sure of  40  pounds  per  sq.  in.  at  1350  deg.  C.  generally 
show  slight  changes  in  volume  or  porosity  when  burnt  at 
temperatures  below  1425  deg.  C. 

2.  The  greater  number  of  the  bricks  which  failed 
to  pass  the  load  test  show  rather  marked  change  in  vol- 
ume or  in  porosity  at  some  temperature  below  1425 
deg.  C. 

3.  Bricks  which  show  distinct  overburnmg  by  pro- 
nounced expansion  at  temperatures  below  1400  deg.  C. 
invariably  fail  in  the  load  test.  The  adoption  of  a  defi- 
nite limit  for  the  permissible  expansion  within  the  given 
temtperature  range  is  particularly  important  for  detect- 
ing inferior  clay  refractories.  The  limit  of  expansion 
should  be  lower  than  that  for  the  allowable  contraction. 

4.  The  changes  in  volume  and  in  porosity  of  bricks 
burnt  at  some  temperature  between  1350  deg.  C.  and 
1425  deg.  C.  serves,  in  a  measure,  as  a  criterion  of  their 
ability  to  pass  the  load  test. 

5.  Most  of  the  bricks  which  show  a  porosity  de- 
crease not  exceeding  5  per  cent  and  a  volume  change 
not  exceeding  3  per  cent  (approximately  1  per  cent  in 
linear  dimensions)  when  burnt  at  1400  deg.  C.  will  pass 
the  load  test. 

6.  Bricks  which  show  a  decrease  in  porosity  ex- 
ceeding 5  per  cent  or  an  expansion  or  contraction  in  ex- 
cess of  3  per  cent  by  volume  (1  per  cent  in  length)  at 
1400  deg.  C.  in  nearly  all  cases  failed  to  pass  the  load 
test. 

7.  The  use  of  limiting  porosity  and  volume  changes 
for  clay  lire  bricks  burnt  at  1400  deg.  C.  would  serve  as 
a  means  of  eliminating  from  consideration  a  large  num- 
ber of  bricks  which  fail  in  the  load  test. 

8.  Bricks  which  fail  in  the  load  test  due  to  failure  in 
the  bond  may  not  show  marked  changes  in  volume  or 
porosity  in  burning,  but  often  show  very  low  cold  crush- 
ing strength. 

9.  No  definite  relationship  seems  to  exist  between 
the  softening  point  of  a  fire  brick  and  its  ability  to  with- 
stand load  at  high  temiperatures.  However,  all  bricks 
which  softened  below  cone  28,  whether  silicious  or  not 
in  character,  failed  completely  in  the  load  test.  It  seems 
advisable  then  to  specify  cone'  28  as  the  minimum  soften- 
ing point  for  any  clay  fire  brick.  It  is  probable  that 
bricks  containing  less  than  65  per  cent  SiO„  should  have 
a  minimum  softening  point  of  cone  31. 

10.  Bricks  with  an  initial  porosity  below  21.5  per 
cent  and  with  an  average  decrease  of  about  six  pomts 
in  percentage  of  porosity,  contracted  about  5.5  per  cent 
in  the  load  test.  Bricks  showing  an  average  porosity 
above  21.5  per  cent  showed  a  like  contraction  in  the  load 
test  with  a  change  of  about  three  points  in  porosity  per- 
centage. 

The  foregoing  paragraphs  treat  exclusively  of  fire 
clay  refractories.  Next  in  importance  come  silica  re- 
fractories and  some  extremely  good  work  has  been  done 
in  the  studv  of  the  properties  in  behavior  of  these  ma- 
terials. The  major  part  of  that  done  by  the  Bureau  has 
been  reported  in  Technologic  Paper  No.  116,  by  D.  W. 
Ross,  entitled  "Silica  Refractories— Factors  Affecting 
Their  Qualities  and  Methods  of  Testing  the  Raw  Ma- 
terials and  Finished  Ware,"  and  Technologic  Paper  No. 
124,  by  Insley  and  Klein,  entitled  "Constitution  and 
Micros'tructure  of  Silica  Brick  and  Changes  Involved 
Through  Repeated  Brarnings  at  High  Temperatures." 

Important  contributions  on  this  subject  made  by 
Fenner  of  the  Geophysical  Laboratory,  and  McDowel  of 
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the   Ilarhison-Walker    Refractories    Company,    and    by 
others,  are  referred  to  in  these  papers. 

Technologic  Paper  No.  116  covers  the  subject  of  sil- 
ica refractories  in  a  rather  comprehensive  way,  dealing 
with  the  raw  materials  in  diilerent  sections  of  the  coim- 
try,  with  problems  of  manufacture,  and  the  use  of  silica 
refractories,  methods  of  test  as  well  as  technical  matters 
connected  with  the  composition  of  these  refractories,  the 
transformations  occurring  in  the  burning  and  the  bear- 
ing of  these  transformations  on  behavior  in  use  are 
treated  at  considerable  length.  'I'he  results  of  a  large 
amount  of  work  on  the  effect  of  burning  silica  refrac- 
tories of  various  compositions  at  different  temperatures, 
and  for  different  lengths  of  time,  are  given,  'l"he  results 
of  a  study  of  resistance  to  slag  action  are  also  included. 
The  author's  summary  follows : 

"In  conclusion,  it  may  be  said  that  in  general  the 
most  satisfactory  quartzites  for  silica  refractories  are 
those  which  contain  not  less  than  97  per  cent  o'f  SiO^, 
nor  more  than  0.40  per  cent  of  alkalies,  and  are  made 
up  of  tightly  interlocking  grains.  The  geologic  age  of 
quartzites  actually  used  in  the  manufacture  of  silica 
brick  in  the  United  States  at  the  present  time  ranges 
from  cretaceous  to  pre-cambrian.  The  harder  portions 
of  the  Medina  formation  in  BI;iir  and  Huntingdon  Coun- 
ties, Pa.,  have  proved  to  be  particularly  suited  for  steel 
furnace  work.  Approximately  60  per  cent  of  the  silica 
brick  manufactured  in  the  United  States  at  the  present 
time  is  made  of  this  material.  The  balance  comes  largely 
from  the  Raraboo  formation  of  Wisconsin. 

"Raw  brick  made  from  such  quartzites  should  not 
show  undue  increase  in  pore  space  on  being  repeatedly 
burned  in  a  conmiercial  kiln  to  approximately  1350  deg. 
C.  Two  limiting  factors  in  the  use  of  quartzites  are  im- 
jiurity.  resulting  in  low  softening  temperature  and  fri- 
ableness,  which  results  in  weak  brick.  .Amorphous  silica, 
chert,  and  chalcedony,  when  in  solid  rock  form  and  of 
desired  purity,  may  also  be  satisfactory  for  the  manu- 
facture of  silica  brick,  but  as  yet  have  not  been  thor- 
oughly tried  out  in  the  United  States  Their  rates  of 
transformation  on  being  heated  are,  however,  appre- 
ciably greater  than  that  of  quartz.  Hence  they  should 
be  heated  more  slowly  to  prevent  their  disruption. 

"As  now  manufactured,  the  usual  upper  limit  in  the 
size  of  fragments  present  in  silica  refractories  is  slightlv 
more  than  '4 -inch  diameter;  In  the  case  of  brick  made 
from  Medina  quartzite,  those  containing  coarse  frag- 
ments tend  to  spall  less  than  those  made  of  finer  mate- 
rial. The  slagging  ellect  produced  by  many  basic  slags 
should  be  kept  at  a  minimum  by  low  porositv,  large  frag- 
ments and  by  using  quartzites  having  tightly  interlock- 
ing grains. 

"It  is  probable  that  the  nonuniformity  of  finished 
brick,  due  partly  to  present  methods  of  grinding  of  mix 
and  molding  of  bricks,  may  in  special  ca.ses  be  somewhat 
minimized  by  crushing  the  quartzite  in  a  dry  pan  to  the 
proper  size,  screening,  then  mixing  in  proper  proportions 
in  a  mechanical  mixer  similar  to  a  concrete  mixer,  which 
will  not  further  crush  the  material,  and  finally  moldinsj 
by  machinery  under  a  pressure  of  approximate! v  1500 
pounds'per  square  inch.  This  would  also  improve  shape 
and  finish  of  the  brick. 

"In  the  burning  of  silica  brick,  the  volume  of  the  solid 
material  increa.ses  from  10  to  15  per  cent  of  its  own 
volume,  owing  to  the  transformation  of  quartz  to  the 
lower  specific  gravity  forms  of  silica,  but  since  the  aver- 
age porosit)'  of  such  brick  is  approximately  26  per  cent 
the  exterior  volume  expansion  of  the  brick  will  be  some- 


what more  than  this.  The  porosity  of  a  well-burned 
brick  is  usually  greater  than  that  of  the  raw  mix.  In 
silica  refractories  there  is  but  a  small  percentage  of  flux ; 
hence  in  burning  the  quartz  is  transformed  directly  to 
cristobalite.  However,  when  approximately  70  per  cent 
of  the  material  has  been  converted  to  cristobalite,  tridy- 
mite  makes  its  appearance  and  is  developed  slowly  witli 
continued  heat  treatment,  gradually  reducing  the  amount 
of  cristobalite  present.  A  few  per  cent  of  (piartz  plus 
silicate  glass  remain,  however,  even  at  a  very  advanced 
stage  of  burning.  This  is  probably  mostly  silicate  glass. 
In  the  usual  silica  brick  mixes  containing  2  per  cent 
of  lime  the  transformation  to  forms  of  lower  specific 
gravity  is  very  slow  below  1350  deg.  C,  but  above  that 
temperature,  and  at  a  temperature  of  1500  deg.  C.  a  close 
approach  to  minimum  specific  gravity  is  reached  in  a 
couple  of  hours.  With  a  given  heat  treatment  at  tem- 
peratures from  1200  deg.  to  1350  deg.  C,  the  2  per  cent 
of  lime  causes  the  quartz  to  be  transformed  much  more 
rapidly  than  is  quartz  alone.  Greater  percentages  of  lime 
accelerate  transformation  still  more.  The  presence  of 
lime  in  silica  refractories  causes  their  softening  tein- 
perature  to  be  much  more  clear  cut,  because  of  increased 
fluidity,  than  is  that  of  pure  quartz. 

"In  burning,  to  produce  a  brick  of  low  porosity  and 
low  specific  gravity,  the  temperature  should  be  gradually 
raised  to  approximately  1250  deg.  C.  and  held  between 
that  temperature  and  1350  deg.  C.  for  several  days  to 
insure  transformation  of  quartz  at  a  moderate  rate,  and 
at  the  same  time  obtain  the  effect  of  soaking.  The  tem- 
perature should  then  be  gradually  raised,  so  that  the 
maxinnun  of  the  heat  treatment  is  approximately  equiva- 
lent to  cones  18  to  20.  Such  treatment  should'  produce 
a  brick  containing  a  considerable  percentage  of  tridy- 
mite.  However,  the  production  of  a  brick  composed  en- 
tirely of  tridymite  appears  to  be  impracticable  connner- 
cially.  Rapid  rising  of  the  temperature  from  1250  deg. 
C.  on,  tends  to  produce  undue  increase  in  pore  space. 

"Since  most  conmiercial  silica  brick  are  largely  cris- 
tobalite, their  chief  spalling  tendency  is  at  the  alphabeta 
cristobalite  inversion  (220  deg.  to  275  deg.  C.)  Also 
such  brick,  when  heated  as  in  the  load  test,  show  a  very 
marked  volume  expansion  at  this  temperature  range, 
then  a  gradual  but  very  small  additional  expansion  con- 
tinues to  take  place  with  rise  of  temperature,  until  a  tem- 
perature of  approximately  1400  deg.  C.  is  reached,  at 
which  point  expansion  due  to  transformation  of  any  un- 
altered quartz  present  in  the  brick  becomes  apparent  on 
the  expansion  curve.  This  latter  expansion  will  appear 
as  the  permanent  expansion  when  the  brick  is  cold.  Thus, 
it  is  rather  difficult  to  state  the  coefficient  of  expansion 
of  silica  brick  as  a  single  figure. 

"Since  check  heat  treatments  of  silica  brick  are  dif- 
ficult to  make,  the  only  satisfactory  way  of  actually  com- 
paring the  amount  of  expansion  of  different  varieties  is 
to  use  a  heat  treatment  which  is  sufficient  to  insure  ap- 
proximately minimum  specific  gravity.  The  specific 
gravities  of  practically  all  commercial  silica  brick  lie 
between  the  limits  of  2.650  and  2.270,  The  relative  posi- 
tions between  these  two  ])oints  of  the  specific  gravity  of 
a  brick,  as  it  comes  from  the  manufacturer,  clearly  de- 
notes the  degree  of  burning  which  it  has  received  in 
manufacture,  and  in  conjunction  with  the  porosity  in- 
dicates approximately  how  much  the  brick  will  subse- 
quently expand  in  use. 

"The  use  of  silica  refractories  is  limited  largely  by 
the  degree  to  which  the  quartz  grains  are  bonded  to- 
gether in  the  fragments  and  by  the  degree  to  which  the 
fragments  are  bondecl  in  the  brick. 
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NEW'S     OF    THE     PLANTS 


The  Whitaker-Glessner  Company,  Portsmouth,  Ohio,  has 
completed  plans  and  will  soon  commence  the  erection  of  a  one- 
story  addition,  to  be  equipped  as  a  rod  mill.  It  is  estimated 
to  cost  about  $50,000.  Headquarters  of  the  company  are  at 
Wheeling,  W.  Va.    H.  Bowman  is  chief  engineer. 


The  Merchants'  Dispatch  Transportation  Company,  Roches- 
ter, N.  Y.,  is  completing  plans  for  the  erection  of  an  addition  to 
its  steel  fabricating  plant  at  East  Rochester,  to  be  one-story 
60x85  feet.  It  is  expected  to  commence  erection  at  an  early  date. 
L.  F.  West  is  head. 


The  Vulcan  Iron  Works,  Hudson  Street,  Jersey  City,  N.  J., 
manufacturers  of  marine  iron  products,  will  commence  the  im- 
mediate erection  of  a  new  one-story  building  at  its  plant,  re- 
placing one  of  the  structures  destroyed  by  fire  several  months 
ago.  It  will  cost  about  $18,000.  The  company  also  is  reported 
to  have  plans  under  way  for  the  erection  of  other  structures  to 
replace   former   buildings. 


The  Wolis  &  Diamond  Iron  Works,  335  East  Thirty-fourth 
street.  New  York,  N.  Y.,  will  commence  the  immediate  erection 
of  a  new  branch  plant  at  Whitlock  avenue  and  One  Hundred  and 
Forty-ninth  street,  to  be  about  50x80  feet,  and  estimated  to  cost 
close  to  $20,000. 


The  American  Steel  &  Wire  Company,  94  Grove  street, 
Worcester,  Mass.,  is  planning  for  enlargements  at  its  South 
Works,  to  use  a  fund  totaling  about  $100,000,  being  the  appro- 
priation allowed  this  company  branch  by  the  parent  organiza- 
tion, the  United  States  Steel  Corporation,  New  York,  in  con- 
nection with  its  expansion  fund  of  $10,000,000,  arranged  to  keep 
employes  at  the  different  mills  busy  during  the  present  time. 


The  E.  &  G.  Brooks  Iron  Co.,  Birdsboro.  Pa.,  has  inaugu- 
rated operations  at  its  local  sintering  plant  on  a  double  operat- 
ing shift.  The  plant  was  destroyed  by  fire  some  time  ago  and 
has  been  completely  rebuilt,  with  the  installation  of  new  ma- 
chinery and  operating  equipment. 


The  Trumbull  Steel  Company,  Youngstown,  Ohio,  is  now 
operating  eight  of  the  12  mills  at  its  Liberty  plant,  which  has 
been  idle  for  a  number  of  months  past.  It  is  said  that  opera- 
tions will  be  increased  to  include  other  mills  at  an  early  date. 


The  Electric  Manganese  Steel  Company,  Reading,  Pa.,  re- 
cently organized,  will  commence  operations  at  an  early  date  in 
its  new  plant  now  being  completed.  The  main  building  will  be 
about  45x100  feet,  and  has  been  arranged  to  allow  for  the  con- 
struction of  an  addition  at  a  later  date.  The  installation  will 
comprise  a  large  electric  furnace  department.  Ray  Houck  is 
president  of  the  company. 


The  Great  Southern  Steel  Company,  Chicago,  111.,  has  been 
incorporated  under  Delaware  laws,  with  a  capital  of  $105,000,000, 
to  manufacture  iron  and  steel  products  of  various  kinds,  includ- 
ing the  operation  of  a  blast  furnace  for  the  production  of  pig 
iron.  The  company  is  said  to  have  acquired  a  large  tract  of 
land   near   Muscle   Shoals,   Ala.,   comprising   over   100,000   acres. 


and  a  portion  of  this  property  will  be  used  as  a  site  for  a  new 
plant.  It  is  estimated  that  the  tract  contains  over  three  billion 
tons  of  ore  and  over  one  billion  tons  of  coking  coal,  to  be  used 
in  connection  with  the  development.  The  company  is  repre- 
sented by  Charles  E.  Pain,  First  National  Bank  Building, 
Chicago. 


The  Wickwire-Spencer  Steel  Company,  Buffalo,  N.  Y.,  has 
increased  operations  at  its  local  finishing  mill  to  a  point  of  about 
75  per  cent  of  normal.  One  blast  furnace  is  in  operation  at  the 
plant.  The  company  also  is  increasing  production  at  its  dif- 
ferent New  England  mills. 


The  Interstate  Iron  &  Steel  Company,  Chicago.  111.,  has  in- 
creased production  to  about  50  per  cent  of  normal  at  its  local 
mill. 


The  Youngstown  Welding  Company,  Youngstown,  Ohio,  has 
plans  under  way  for  the  construction  of  a  new  steel  fabricating 
plant  on  local  site,  comprising  about  314  acres  of  land,  recently 
acquired.  Preliminary  work  has  been  inaugurated.  Three  build- 
ings, each  about  100x300  feet,  will  be  constructed  during  the 
coming  year.  The  different  plant  departments  will  be  devoted  to 
plate  work,  boilers,  tanks  and  kindred  specialties. 


The  Reading  Iron  Company,  Reading,  Pa.,  is  now  operating 
at  its  puddle  mill.  North  Ninth  street,  where  operations  have 
been  curtailed  for  some  time  past.  The  Keystone  blast  furnace 
of  the  company  was  recently  blown  in,  and  plans  are  being  per- 
fected for  the  early  resumption  of  the  company's  blast  furnace 
at  Emaus,  Pa.  The  14-inch  rolling  mill  at  the  Reading  works 
will  soon  be  producing. 


Plans  are  being  developed  for  a  merger  of  the  Columbia 
Steel  Company,  Pittsburg,  Cal.,  the  Southern  California  Iron 
&  Steel  Company,  Los  Angeles,  Cal.,  and  the  Carbon  Fuel  Com- 
pany, Salt  Lake  City,  Utah.  It  is  proposed  to  increase  the  capi- 
talization of  the  difl'erent  interests  and  to  develop  plans  for 
general  plant  expansion.  In  this  latter  connection,  both  of  the 
plants  of  the  two  first  mentioned  companies  will  be  enlarged, 
with  the  installation  of  new  equipment,  it  is  said,  to  provide  for 
increased  outputs.  It  is  proposed,  ultimately,  to  construct  a 
large  steel  plant  in  the  vicinity  of  Salt  Lake  City,  including  500- 
ton  blast  furnace,  coke  ovens,  etc.  W.  E.  Creed  is  president  of 
the  Columbia  Steel  Company ;  A.  C.  Denman,  Jr.,  president  of 
the  California  Iron  &  Steel  Company  ;  and  L.  R.  Rains,  presi- 
dent of  the  Carbon  Fuel  Company. 


The  Commerce  Steel  Company,  Seattle,  Wash.,  has  acquired 
property  in  the  vicinity  of  Tekoa,  Wash.,  as  a  site  for  the  con- 
struction of  a  new  blast  furnace  and  steel  plant.  The  property 
purchased  is  said  to  contain  large  quantities  of  iron  ores,  and 
plans  will  be  placed  under  way  for  the  construction  of  a  blast 
furnace  with  initial  rating  of  about  75  tons.  W.  C.  Hayward  is 
president   of   the   corporation. 


The  Republic  Iron  &  Steel  Company,  East  Chicago,  Ind.,  has 
reopened  its  local  plant  after  a  few  months  of  inactivity.  About 
200  men  will  be  employed  at  the  present  time,  and  which  num- 
ber is  to  be  increased  gradually  as  orders  and  conditions 
warrant. 
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WITH  THE  EQUIPMENT  MANUFACTURERS 
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WELDING  SETS  UTILIZE  GAS  ENGINE  POWER 

Two  types  of  gas  engine  driven  welding  sets,  one  for  me- 
dium or  intermittent  duty  and  the  other  for  heavy  duty,  recently 
have  been  developed  by  the  General  Electric  Company,  Schenec- 
tady, N.  y.  Both  outfits  are  adapted  to  industrial  plants  where 
the  work  to  be  done  is  located  in  odd  places  and  is  not  of  suf- 
ficient volume  to  warrant  the  installation  of  permanent  equip- 
ment. Their  particular  field,  however,  is  in  places  where  elec- 
tric power  is  not  available  or  inconvenient  or  costly. 

The  medium  duty  equipment  designed  for  intermittent  duty, 
has  a  generating  unit  consisting  of  a  4-kw.,  1,200-rpm.,  60-20 
volt,  200-ampere  generator  directly  connected  by  a  flexible  coup- 
ling to  a  4-cylinder,  4-cyc!e,  20-hp.  gasoline  engine.  The  engine, 
radiator,  generator  and  welding  panel  are  assembled  on  a  cast 
iron  base  and  mounted  on  skids.  The  set  is  86  inches  long,  28 
inches  wide  and  weighs  about  one  ton.  The  engine  is  of  the 
overhead  valve  type  with  the  cylinders  cast  in  block  and  is  well 
adapted  to  intermittent  service. 

Practically  constant  energy  throughout  the  working  range 
is  given  by  the  generator  which  is  self-exciting  and  regulating. 
It  gives  no  load  or  striking  voltage  of  60  volts,  which  decreases 
automatically  to  the  proper  welding  voltage,  18  to  20  volts,  when 
the  arc  is  struck.  Driven  at  1,200  revolutions  per  minute,  it  de- 
livers a  working  current  of  200  amperes  and  an  output  of  4  kw. 
The  panel  carries  the  generator  field  rheostat  and  series  field 
dial  switch  by  which  the  current  can  be  adjusted  from  7.S  to  200 
amperes  in  25-ampere  steps.  A  reactor  choke  coil  mounted  on 
the  set  and  connected  in  the  welding  circuit  protects  the  gen- 
erator from  current  surges. 
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NOVO  COMBINATION  HOIST  AND  AIR 
COMPRESSOR 

The  Novo  combination  hoist  and  air  compressor  was  designed 
especially  for  bridge  and  elevated  tank  erection  or  any  steel 
erection  work  within  its  capacity.  This  outfit  is  also  useful  for 
trench  work — the  hoist  being  used  to  lower  and  place  pipe  and 
the  compressor  for  caulking  or  light  rock  drilling. 

The  outfit  consists  of  a  Novo  Type  TN  non-reversible  hoist 
driven  by  gears  from  a  Novo  15-hp.  engine.  A  6.x6-in.  single 
acting  compressor,  driven  by  belt  on  a  clutch  pulley,  is  mounted 
on  an  extension  of  the  channel   frame. 

Both  hoist  and  compressor  are  equipped  with  friction  clutches 
so  that  either  one  may  be  operated  independent  of  the  other. 

The  hoist  is  equipped  with  a  druin  for  handling  structural 
steel  members.  This  drum  holds  700  feet  of  y^-in.  cable.  The 
drum  shaft  also  has  a  niggerhead  mounted  on  each  end  for 
handling  scafYolding,  erecting  derrick,  etc.  The  drum  is  pro- 
vided with  a  pin  lock  for  disengaging  drum  when  the  nigger- 
heads  are  to  be  used  for  other  work. 

A  contracting  band  friction  clutch  is  mounted  on  the  inter- 
mediate shaft  for  operating  the  drum  or  niggerheads  and  a 
powerful  asbestos-lined  foot  brake  equipped  with  a  ratchet  lock 
is  supplied   to  hold  the  load. 

The  compressor  has  a  displacement  of  60  feet  per  minute, 
which  is  ample  for  handling  one  riveting  hammer,  caulking, 
light  drilling,  reaming,  etc.  The  compressor  is  provided  with  a 
circulating  pump  and  a  tank  for  cooling  water.  It  also  has  a 
visible  overflow  arrangement  to  show  the  performance  of  the 
circulating  pump.  An  unloader  is  provided  for  cutting  out  the 
compressor  when  the  supply  of  air  exceeds  the  demand.  The 
unloader  is  adjustable  and  entirely  automatic  in  its  operation. 

The  crank  case   of   the   compressor   is   enclosed   and   is   cast 


separate  from  the  cylinder.  The  latter  feature  does  away  with 
the  replacement  of  almost  an  entire  new  machine  in  case  of  a 
brake  in  either  cylinder  or  crank  case,  as  it  is  only  necessary 
to  purchase  the  broken  part. 

The  lower  part  of  the  crank  case  is  filled  with  oil  and  at 
each  revolution  of  the  shaft  the  connecting  rod  splashes  the  oil 
on  all  bearings,  pins.  etc.  This  system  of  lubrication  does  away 
with  lubricator,  grease  cups  or  oil  holes. 

The  valves  are  worthy  of  special  notice.  Both  inlet  and 
discharge  are  made  of  light  sheet  steel;  they  are  very  light,  seat 
quickly  and  quietly  without  wear  on  the  cylinders  and  cause 
the  machine  to  run  practically  noiseless.  No  springs  are  neces- 
sary with  these  valves.  The  areas  are  large  so  that  the  air  can 
come  in  and  go  out  freely,  without  friction.  This  valve  con- 
struction is  patented. 


EXPLAINS    BRIDGE    CONSTRUCTION 

The  regular  monthly  meeting  of  the  Engineers'  Society  of 
Western  Pennsylvania  was  held  at  the  William  Penn  hotel, 
Pittsburgh.  Tuesday.  December  20.  S.  F.  Fuller,  chief  en- 
gineer of  the  John  F.  Casey  Company,  Pittsburgh,  delivered 
a  paper  illustrated  by  lantern  slides,  on  "The  Construction  of 
the  Monongahela  River  Bridge  at  Fairmont,  W.  Va."  The 
headquarters  oi  the  Engineers'  Society  of  Western  Pennsyl- 
vania now  have  been  established  in  the  William  Penn  hotel, 
this  city.     K.  F.  Treschow  is  secretary. 

Upon  special  invitation,  the  members  attended  the  meeting 
of  the  Pittsburgh  section,  American  Institute  of  Electrical 
Engineers,  held  Monday  evening,  December  19,  in  the  Science 
building,  Carnegie  Institute  of  Technology.  A  symposium  on 
"Radio  Telephony  and  Broadcasting"  was  conducted  by  the  fol- 
lowing: L.  W.  Chubb,  Westinghouse  Electric  &  Manufactur- 
ing Company,  discussing  "Radio  Telephony  and  Broadcasting;" 
D.  G.  Little.  Westinghouse  Electric  &  Manufacturing  Company, 
and  M.  C.  Batsel.  Westinghouse  Electric  &  Manufacturing  Com- 
pany, describing  "Broadcasting  Transmitters"  and  "Broadcasting 
Receivers,"  respectively. 


MASSILLON   STEAM    DROP   HAMMER 

The  Massillon  Foundry  &  Machine  Company,  Massillon,  0., 
has  lately  redesigned  its  line  of  steam  drop  hammers.  The 
housings  are  annealed  steel  castings  of  I  section,  machined  to  fit 
in  deep  pockets  in  the  hammer  base,  which  is  likewise  a  steel 
casting.  The  cylinder  is  a  semi-steel  casting  that  has  been  re- 
inforced over  the  valve.  It  interlocks  in  the  tops  of  the  hous- 
ings, so  that  no  tie-plate  is  required  A  safety  cylinder  is  pro- 
vided to  protect  the  hammer  in  case  the  piston  rod  breaks,  it 
being  so  made  that  the  piston  ascends  against  a  cushion  of  live 
steam.  Any  standard  type  of  valve  can  be  furnished.  The 
valve  bracket  and  the  steam-inlet  bracket  can  be  removed  inde- 
pendently of  one  another. 

The  ram  guides  have  been  arranged  to  adjust  back  into  the 
side  frames  lor  the  removal  of  the  ram  horizontally.  The  side 
frames  just  clear  the  ram,  preventing  over-adjustment  of  the 
guides,  which  would  cramp  the  piston  rod.  A  feature  of  the 
design  is  that  the  guide  adjusting  screws  are  threaded  through 
nuts  set  in  open  pockets  in  the  side  frame.  This  arrangement 
permits  damaged  screws  to  be  removed  by  cutting  out  the 
nut  with  an  acetylene  torch  without  disturbing  the  ram  or 
guides. 
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IRON  FURNACE  COSTS  IN  CHINA. 

Some  interesting  facts  and  figures  bearing  on  the  cost  of 
production  of  iron  and  steel  in  China,  and  relating  in  par- 
ticular to  the  Hanyang  Iron  &  Steel  Works  at  Hanyang, 
where  given  in  a  recent  issue  of  the  Far  Eastern  Review, 
which  is  quoted  here: 

The  iron  ore,  of  which  from  LS.OOO  to  20,000  tons  were  re- 
quired every  month  when  three  of  the  four  furnaces  were 
under  operation  in  1919  (perhaps  another  8,000  or  9.000  tons 
would  'be  needed  for  the  fourth  furnace)  comes  from  the 
company's  own  mines  at  Tayeh.  The  cost  of  its  production 
at  Tayeh  was  below  $2.80  per  ton  (in  1919),  but  the  cost  of 
transportation  per  ton  from  Tayeh  to  Hanyang  was  $0.85, 
which,  together  with  other  expenses,  brought  the  cost  up  to 
about  $4  per  ton  at  the  Hanyang  furnaces.  This  cost  is  now 
much  lowered  by  smelting  the  ore  in  the  new  blast  furnaces 
at  Tayeh,  but  at  the  same  time  a  greater  allowance  must  be 
made  for  coke  which  has  to  be  transported  from  Pinghsiang 
to  Hanyang  and  thence  again  to  Tayeh.  As  nearly  equal 
quantities  of  coke  and  of  ore  are  used  in  the  furnaces,  the 
saving  effected  in  transportation  is  not  of  much  significance. 

Limestone  also  comes  mainly  from  Tayeh.  The  cost  per 
ton  at  the  Hanyang  furnaces  varied  in  1919  between  $2.32  and 
$3.81.  These  figures  include  all  transportation  and  overhead 
charges.  Manganese  comes  from  the  company's  mines  at 
Changlai  and  Yangshin.  Those  two  items  amounted  in  1919 
to  3  or  4  per  cent  of  the  total  cost. 

The  next  group  of  items  of  cost  concerns  direct  wages. 
This  includes  not  only  the  wages  of  laborers  working  at  the 
furnaces  but  also  of  those  working  at  the  blowing  and  pump- 
ing plants,  both  of  which  are  essential  adjuncts  to  the  fur- 
naces. The  wages  of  the  laborer  differ  not  so  much  with  the 
group  in  which  he  works  as  with  the  grade-  of  labor  to  which 
he  belongs.  In  general  the  laborers  are  divided  into  four 
grades,  namely,  foremen,  mechanics,  regular  laborers,  and 
helpers  who  are  paid  by  the  day.  The  salaries  Of  the  foremen 
may  be  in  some  cases  as  high  as  $100  a  month,  the  mechanics 
receive  about  $20,  the  regular  laborers  from  8,500  to  9,000 
cash  (at  the  present  rate  of  exchange  between  silver  and 
copper  about  $7  Mexican),  and  the  helpers  get  only  200  cash 
a  day  (about  $0.15).  In  some  cases  contract  labor  is  cm- 
ployed.  The  total  cost  in  direct  labor  constitutes  only  0.8 
to  1.4  per  cent  of  the  total  cost  of  iron  production. 


IRON  AND  STEEL  PRODUCTION  IN  RUSSIA. 

"During  the  years  1917  to  1920  Russian  industry  and 
transportation  drew  their  metals  from  the  old  sources  of 
supply,  which  accounted  for  their  ability  to  carry  on  their 
usual  activities,"  states  the  Pravada  (Moscow)  in  a  recent 
issue,  and  continues: 

At  the  beginning  of  1921  it  was  evident  there  were  very 
small  stocks  of  metals  in  the  State  warehouses,  while  some 
of  the  most  useful  were  entirely  lacking.  Most  of  the  diffi- 
culty ^rior  to  1920  was  experienced  because  of  a  shortage  of 
fuel,  while  during  the  year  1920  it  was  due  to  -a  scarcity  of 
labor  and  in  1921  to  a  shortage  of  raw  materials. 

For  the  first  quarter  of  1920  instead  of  2,334,000  poods 
(pood  =  36.1128  pounds)  of  pig  iron  required  by  the  Govern- 
ment's program,  only  2,144.000  poods  were  smelted,  or  95  per 
cent  of  the  program.  The  central  region  produced  302,000 
poods,  or  39  per  cent  of  its  allotment;  the  southern  region. 
270,000  poods,  or  108  per  cent;  and  the  Ural  region,  1,572,000 


poods,  or  119  per  cent. 

The  production  of  Martin  steel  during  the  first  quarter  of 
1921  declined  to  a  mere  6  per  cent  of  that  before  the  war. 
In  all  three  regions  production  aggregated  2,926,000  poods, 
while  in  the  corresponding  quarter  of  1913  a  total  of  51,737,000 
poods  was  turned  out. 

For  the  first  quarter  of  1921  the  central  region  produced 
476,000  poods  of  rolled  steel,  or  57  per  cent  of  its  allotment; 
the  southern  region,  720,000  poods,  or  120  per  cent;  the  Ural 
region,  1,290,000  poods,  or  81  per  cent;  a  total  for  all  three 
districts  of  2,386,000  poods,  or  87  per  cent  of  the  Govern- 
ment's program. 

NEW   BRIDGE   FOR   SYDNEY,   AUSTRALIA. 

Specifications  to  cover  the  design,  construction,  and  erec- 
tion of  the  Sydney  (Australia)  Harbor  North  .Shore  Bridge 
are  expected  shortly  by  the  Bureau  of  Foreign  and  Domestic 
Commerce  from  Trade  Commissioner  A.  W.  Ferrin,  and  upon 
their  receipt  copies  will  be  placed  on  file  in  the  Bureau's  New 
York  and  Chicago  offices,  where  they  may  be  consulted  by 
interested  persons. 

The  bridge  will  consist  of  nickel-steel  cantilevers  sup- 
porting a  central  girder  section,  also  constructed  of  nickel 
steel,  spanning  the  harbor  between  Dawes  Point  and  Milson's 
Point.  Each  anchor  or  shore  arm  will  be  500  feet  long, 
the  harbor  or  cantilever  arms  will  be  520  feet  long,  while  the 
central  section  is  to  be  560  feet  long,  thus  making  a  span  of 
1,600  feet  from  center  to  center  of  the  main  supporting  piers 
and  a  total  length  of  steel  work  of  2,600  feet.  Between  the 
main  girders,  which  are  94  feet  6  inches  apart,  provision  is 
made  for  four  lines  of  electric  railway  and  a  roadway  35 
feet  wide.  Outside  the  main  girders  on  the  east  side  is  a 
motor  roadway  18  feet  wide  between  the  handrails,  and  on 
the  western  side  a  footway  15  feet  wide,  the  railways,  road- 
way, and  footway  being  all  on  the  same  grade.  A  headway 
of  170  feet  above  high  water  is  provided  for  the  central  600 
feet  of  the  bridge,  with  a  clearance  of  not  less  than  156  feet 
over  the  whole  fairway. 

The  Sydney  Harbor  bridge  will  thus  have  5  feet  greater 
span  and  35  feet  more  headway  under  the  center  than  does 
Brooklyn  Bridge,  and  will  have  a  span  only  200  feet  shorter 
than  that  of  the  Quebec  Bridge,  but  with  a  headway  20  feet 
greater.  The  estimated  cost  of  the  bridge  is  £6,000,000,  and 
the  work  is  expected  to  extend  over  eight  and  a  half  years. 


Several  new  steel  companies  are  in  process  of  organiza- 
tion in  China,  the  Far  Eastern  Review  reporting  the  organiza- 
tion of  the  Wu-Shun  Steel  &  Iron  Works,  of  Shanghai,  an 
.^nglonChinese  enterprise,  and  a  steel  refining  works  to  be 
erected  by  a  Shanghai  merchant. 


FRENCH  STEEL  OUTPUT  FOR  SIX  MONTHS. 

Consul  Ernest  L.  Ives,  Paris;  see  also  Commerce  Reports 
for  Nov.  28,  1921. 
The  total  production  of  steel  ingots  and  castings  in  France 
during  the  first  six  months  of  1921  amounted  to  1,537,634 
metric  tons,  1,487,961  tons  of  which  were  ingots,  and  49,673 
tons  of  which  were  castings,  according  to  statistics  compiled 
by  the  Comite  des  Forges  de  France.  There  is  an  increase 
of  332,933  tons  in  the  production  as  compared  with  January- 
June  (1,204,701  metric  tons)  and  a  decrease  of  308,061  tons 
as  compared  with  July-December  of  1920  (1,845,695  metric 
tons). 
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Edward  Heldt  has  been  made  general  manager  of  the 
Lincoln  Foundry  Comipany  recently  organized  at  Merrill, 
Wisconsin.  Mr.  Heldt,  for  twenty  years,  was  connected  with 
various  Wisconsin  and  Minnesota  shops. 

V  V 

Walter  Ferrier  resigned  his  connection  with  the  Elyria 
Iron  and  Steel  Company,  Elyria,  Ohio,  and  Cleveland,  to 
become  general  manager  of  works  of  the  new  Hudson  City 
Steel  Corporation,  Beacon,  New  York.  Mr.  Ferrier  was  with 
the  steel  corporation  plants  at  Homestead,  Pa.,  and  Gary. 
Ind.,  for  eighteen  years  and  later  for  seven  years  with  the 
Cambria  Steel  Company,  at  Johnstown,  Pa. 

V  V 

A.  D.  Miles,  president  of  the  International  Nickel  Com- 
pany of  Canada,  subsidiary  of  the  International  Nickel  Co., 
New  York,  has  resigned,  together  with  G.  E.  Sylvester,  as- 
sistant to  the  president,  and  W.  M.  Dennett,  assistant  treas- 
urer, due  to  the  depression  in  the  industry  which  resulted  in 
suspensions  of  the  company's  mining  and  smelting  operations. 

V  V 

Horace  B.  Spackman  was  recently  elected  president  of  the 
Eastern  Pig  Iron  association.  Mr.  Spackman  is  both  a  pro- 
ducer and  a  buyer  of  pig  iron.  He  is  president  of  the  .\lle- 
gheny  Ore  &  Iron  Co.,  which  has  blast  furnaces  at  Buena 
Vista  and  Iron  Gate,  Va.  The  company  is  owned  by  the 
Lukens  Steel  Co.  Mr.  Spackman  also  is  second  vice-president 
and  purchasing  agent  of  the  Lukens  Steel  Company,  which 
is  the  most  important  buyer  of  pig  iron  in  the  East. 

\       V 

Thomas  J.  Collins,  for  many  years  auditor  of  the  Page 
Steel  &  Wire  Co..  Adrian,  Michigan,  has  resigned. 

V  V 

J.  T.  Rose  was  recently  appointed  collector  of  internal 
revenue  for  Georgia.  Mr.  Rose  is  vice  president  of  the  J.  B. 
McCrary  Co.,  Atlanta,  industrial  engineers,  and  formerly  vice 
president  of  the  Atlantic  Steel  Co.,  Atlanta. 

V  V 

Stewart  M.  Marshall  of  the  engineering  firm  of  Perin 
&  Marshall,  New  York,  arrived  in  Japan  recently  on  a  trip 
to  India.     He  expects  to  spend  some  time  in  China. 

V  V 

Frank  Carroll  has  resigned  as  chief  draughtsman  of  the 
Youngstown   Sheet  &  Tube  Co.,   Youngstown,  Ohio,   to  be- 


come  assistant   to   the   chief   engineer   of   the    Inland    .Steel    Cd.. 
Chicago. 

V  V 

R.  L.  Wahl,  chief  engineer  of  Inland  Steel  Companj-,  hi- 
diana  Harbor,  Ind.,  has  been  appointed  acting  general  super- 
intendent of  mines  for  the  company  during  the  illrtess  of 
William  Wearne. 

V  V 

Wilbert  L.  Smith  of  Syracuse,  N.  Y.,  has  been  elected  di- 
rector of  the  Crucible  Steel  Co.  of  America,  New  York  and 
Pittsiburgh,  to  succeed  John  W.  Daugherty,  who  retired  as  a 
director  at  the  company's  annual  meeting  held  in  Jersey  City, 
N.  J.,  recently. 

V  V 

Charles  Wilson  was  recently  promoted  assistant  super- 
intendent of  the  Enterprise  Foundry  Co.,  Auburn,  N.  Y.  He 
has  been  with  the  company  four  years. 

V  V 

G.  W.  Wrcnshall  has  been  appomted  general  manager  of 
the  Pressed  Steel  Car  Company,  Pittsburgh,  in  succession 
to  the  late  J.  B.  Rider.  Mr.  Wrcnshall  was  general  super- 
intendent of  the  McKees  Rocks  plant  of  that  company  since 
1909.  Since  Mr.  Rider's  death,  Mr.  Wrenshall  has  been  actin.y 
as  manager.  Henry  P.  Hoffstot,  president  of  the  Koppel  In- 
dustrial Car  &  Equipment  Co.,  Pittsburgh  and  Koppel,  fa., 
a  subsidiary  of  the  Pressed  Steel  Car  Company,  who  was 
recently  elected  vice  president  of  the  Pressed  Steel  Car  Com- 
pany, has  assumed  the  vice  presidential  duties  formerly  dis- 
charged by  Mr.  Rider.  Mr.  Wrenshall  has  had  considerable 
experience  in  the  car  building  industry,  having  been  affili- 
ated for  12  years  with  the  Southern  Car  &  Foundry  Co.,  as 
manager  and  the  Western  Steel  Car  &  Foundry  Co.  as  super- 
intendent, both  at  .^nniston,  Ala. 

V  V 

-A.  :\.  .Vlbaugh,  formerly  general  superintendent  Jacobson 
Machine  Mfg.  Co.,  has  been  appointed  vice  president  and  gen- 
eral manager  of  the  Barnhart-Davis  Co..  Warren,  Pa.,  iron 
and  brass  works. 

V  V 

Charles  H.  ?,romley,  formerly  tcclmical  director  I\ichard- 
son-Phenix  Co.,  Milwaukee,  Wisconsin,  is  now  manager  and 
chief  engineer  of  the  newly  formed  Richardson-Phenix  di- 
vision of  S.  F.   Bowser  &  Co.,   Inc.    This  division  will  con- 
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duct  the   filtration  and  lubrication  appliance  business  of  the 
consolidated  companies,  with  main  office  at  Fort  Wayne,  Ind. 

V  V 

Henry  D.  Hibbard,  consulting  metallurgist,  Plaintield,  N. 
J.,  sailed  on  November  30th  for  a  sojourn  in  southern  France 
and  Italy. 

V  V 

A.  G.  Labbe  has  been  elected  president  of  the  Willamette 
Iron  &  Steel  Works,  Portland,  Ore.,  succeeding  Bert  C.  Ball, 
who  will  devote  his  time  to  other  interests,  chiefly  to  the 
Portland  Vegetable  Oil  Mills  Co.  E.  C.  Pape,  second  vice- 
president,  was  advanced  to  first  vice-president  to  succeed 
Mr.  Labbe.  N.  H.  Insley  was  chosen  secretary  and  H.  V. 
Carpenter  treasurer. 

V  V 

E.  A.  Wheaton  was  recently  promoted  to  the  position  of 
open  hearth  superintendent  of  the  Bethlehem  Steel  Corpo- 
ration, Sparrows  Point  plant  at  Maryland,  to  succeed  F.  F. 
Lines  who  resigned  a  short  time  ago.  Mr.  Wheaton  was 
formerly  superintendent  of  open  hearth  department  No.  3, 
Lehigh  plant  of  the  above  named  company,  and  was  gradu- 
ated from  Lehigh  University  in  1912.  He  entered  the  employ 
of  the  Bethlehem  Steel  Corporation  following  his  graduation 
as  a  metallurgical  enginer.  At  ,the  meeting  of  the  American 
Iron  and  Steel  Institute,  O'ctober,  1920,  he  read  a  paper  on 
"High  Manganese  Iron  in  Basic  Open  Hearth  Practice." 

V  V 

W.  J.  Priestly,  metallurgical  engineer,  L^nited  States  Naval 
Ordnance  Plant,  South  Charleston,  W.  Va.,  has  been  chosen 
chairman  of  the  Board  of  Registration  for  Engineers  of  West 
Virginia,  the  body  set  up  by  an  act  of  the  Legislature.  George 
E.  Taylor,  Anderson  &  Taylor,  consulting  engineer,  Charles- 
ton, has  been  elected  secretary  of  the  board,  the  other  mem- 
bers of  which  are  Frank  Haas,  Fairmont,  consulting  engineer.  ■ 
Consolidation  Coal  Co.;  H.  C.  Cooper,  Clarksburg,  general 
superintendent  Hope  Natural  Gas  Co.,  and  N.  H.  Mannakee, 
Bluefield,   consulting  mining  engineer. 

V  V 

E.  M.  Freeland  recently  resigned  his  position  with  the 
Sparrows  Point,  Md.,  plant,  the  Bethlehem  Steel  Corporation 
to  become  affiliated  with  Follansbee  Brothers  Company,  as 
metallurgist  at  the  company's  plant  at  Follansbee,  W.  Va. 

V  V 

E.  T.  Vogel  was  recently  elected  vice  president  of  the  Eastern 


States  Furnace  and  Coke  Oven  association.  Mr.  Vogel  is  super- 
intendent of  the  Youngstown  Sheet  &  Tube  Company,  Youngs- 
town,  Ohio.  V      V 

E.  D.  Batchelor,  district  sales  manager  in  St.  Louis  for  the 
Jones  &  Laughlin  Steel  Company,  has  been  made  manager  of 
sales  of  that  company's  wire  department  at  Pittsburgh,  effective 
January  1,  upon  the  retirement  of  jMr.  Mason.  Mr.  Batchelor 
has  been  with  the  company  more  than  32  years,  serving  first  in 
several  departments  in  the  general  offices  and  for  10  years  at- 
tached to  the  Pittsburgh  sales  district.  For  the  past  10  years  he 
has  been  manager  of  the  St.  Louis  district. 

V  V 

John  A.  Denholm,  vice  president  and  assistant  general  sales 
manager  of  the  Wickwire  Spencer  Steel  Corporation,  and  Al- 
bert B.  Fritts,  advertising  manager  of  the  Norton  Company, 
both  of  Worcester,  Mass.,  have  been  elected  president  and  vice 
president,  respectively,  of  the  Worcester  Commercial  Travelers' 
association. 

V  V 

John  Bindley,  chairman  Pittsburgh  Steel  Company,  Pitts- 
burgh, and  for  more  than  SO  years  identified  with  the  hardware 
and  steel  industries,  died  at  his  winter  home.  El  Jardine.  Miami, 
Fla.,  December  16,  death  being  due  to  disabilities  of  age.  Prior 
to  becoming  chairman  of  the  company,  Mr.  Bindley  had  been  its 
president,  having  been  elected  in  March,  1919,  to  succeed  the  late 
Wallace  H.  Rowe.  He  was  born  in  Pittsburgh  75  years  ago  and 
had  always  lived  in  that  city,  his  larger  interests  always  hav- 
ing been  centered  in  the  Pittsburgh  district.  At  the  age  of  16 
he  entered  the  employment  of  John  England,  who  conducted  a 
hardware  store  and  file  factory  in  Liberty  street,  near  Ninth 
street.  Upon  reaching  his  majority,  he  became  a  partner  in  the 
business,  under  the  firm  name  of  John  England  &  Co.,  which 
later  was  changed  to  England  &  Bindley.  A  few  years  later 
Mr.  Bindley  purchased  the  interest  of  Mr.  England,  and  the 
firm  name  was  changed  to  the  Bindley  Hardware  Company. 
The  company  was  liquidated  in  1910.  While  engaged  in  the 
hardware  business  he  became  interested  in  manufacturring,  first 
in  the  Neely  Nut  &  Bolt  Company,  of  which  he  was  president 
at  the  time  of  his  death,  and  in  1901  in  the  Pittsburgh  Steel 
Company,  of  which  he  was  one  of  the  organizers  and  an  or- 
iginal director.  Upon  the  death  of  his  brother.  Edwin  Bindley, 
in  1906,  he  succeeded  him  as  vice  president  of  that  company.  He 
was  also  one  of  the  organizers  and  a  director  of  the  Pittsburgh 
Steel  Products  Company. 
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A   NEW  IDEA  IN   STEEL  IDENTIFICATION   AND  I'raine   of  tlie   sectidii.  and  also  permitting  the   storage  of  extra 

STORAGE  large  diameter  short  hars  on  top  of  the  rack. 

It  often  happens  that,  due  to  an  absenec  of   standard  equip-  The  five  cross  sections  are  spaced  and  held  together  to  form 

ment  on  the  market  or  lack  of  a  standard  way  of  doing  things,  tl,c  completed   frame  work  of  the  rack  by  2x2-inch  heavy  angle 

manufacturers  are  forced  to  create  new  methods  or  devise  new  stringers  extending  the    lull   length   of   the   rack  at   the  top  and 

equipment   that   will   exactly   fit   into   their   particular    system    of  bottom   of  each   side. 

operation,  with  the  result  that  the  new  idea  evolved  and  executed  Extra  longitudinal  bracing  is  provided  by  ^ix2;4  Jat  bars 
is  generally  an  improvement  over  everything  of  a  similar  nature  crossed  between  and  bolted  to  the  top  and  bottom  of  the  see- 
that  has  preceded  it.  tions. 

Such  a  condition  caused  the  firm  of  Gould  &  Eberhardt  to  ,^_^  ^^^^^  ^^^^^^  ^^^  ^^^^  ^.^^  ^^  j,^^  ^^p  ^^^j  g.,fg„dj„j,  ,he 
devise  the  following,  method  of  markmg  their  steel  bars  for  ^^^^^^^  ^^  ^^^  ^^^^  prevents  pieces  from  rolling  ofTf,  while  fur- 
identification  and  also  designing  and  constructing  suitable  steel  ^^^^  precaution  is  taken  by  having  timbers  with  half  round 
storage  racks  to  conform  with  the  highly  developed  manufac-  ,,^,i^h^^  cut  in  them  extending  along  the  front  on  top  of  the 
turing  system  employed  in  their  new  plant  at  Newark,  N.  J.  ^^^^   permitting  short  round  pieces  to  be  laid  in  place. 

Several   new    ideas   in    steel   marking,   together   with   a   novel  k,   .       „      .,             ,                ■     .            ^       i         .u       .     i   ■     u 

.      ,             ,      /,£>:..         1       .1    ■  Naturally,  the  most  convenient  way  to  place  the  steel   in  the 

design    n  storage  racks,  is  the  result  ol  their  efforts  to  solve  their  ,  ,    ,      ,      u            n   .u       .     i      t   .i                  i      ,i    ■ 

^                   o  j.^^,]^   would   be   to   have   all   the   steel   of   the   same   kind   m   one 

own     ac  ory  pro         s.                                ,        ,        ,■                    ..■  tier  with  the  largest  and  heavier  pieces  on  the  bottom  and  the 

In   the   manufacture   ol    shapers   and   automatic   gear   cutting  .          .         .    "         ,            ,                   ,.              .,    ■      ,■ 

,.„            11         J     ■           c  varying  sizes  in  regular  order,  according  to  their  dimensions, 

machinerv,  they  naturallv  use  many  different  kinds  and  sizes  of  .  •"     »                  ....       .           rr..-         j       .         u                         , 

-          ■"                 ■    ,                       ,                   ,       ■       I.  with   the    smallest   at    the   top.     This   order   has    been     reversed 

steel  bars— round,  square,  hexagon,  and  rectangular  in  shape,  so  . 

..,,..,            .               J  wherever  possible,   m   some   cases   the   square,   hexagon,   or   rec- 

this  convenient  system  ot  storing  and  marking  the  various  grades  ,         ,         ,  u             i  ■  u                       u            n       •       ■        u  ■ 

...             ,              .....         ,                    ■     c   J-  tangular  shaped  bars,  which  are  generally  smaller  in  size,  being 

and  sizes  entirely  eliminates  the  possibility  of  an  error  in  finding  **              ..      k  .^           u  i               i   .u               i            u               ^u 

placed  on   the  bottom   shelves,  and   the  very  heavy  bars   on   the 

tne  requir       pi      .              ...            ,       ,           ,               .           .     .  very  top  so  that  they  may  be  easilv  handled   with  the  traveling 

Plain   colors   and   combinations   of   colors   play   an    nnportant  ^        ,  •  ■    .         ,       .          ..              ', 

,             ,          1         1        u     •  crane  which  travels  abo\e  these  racks, 
part   in   the   scheme   of   marking  the   steel,   each   color   having  a 

direct   significance   with   regard  to  the  metallurgical  contents   or  I"   f-der   to    facilitate   the   placing   and   location   ot    the   vari- 

the    particular    make    of    steel.      The    identificati'on    colors    are  >i"s  kmds  and  sizes  ot  steels  mto  their  proper  places,  each  rack 

painted  on  the  ends  of  the  bars  as  they  are  received  in  the  ship-  i^  given  a  section  number,  besides  each  tier  in  the  rack  is  let- 

J         .        ,  tered    and    each    slielf    is    numbered,    making    ;t    a    very    simple 

ping  department.  .       .              .          ,        ,                    ,         .          ,         ,     , 

To  assist  the  raw  material  clerk  in  selecting  the  proper  steel,  '"^tter  to  give  instructions   for  the  proper  location  of  each   bar 

a  very  noticeable  identification  board   is  hung  above  each   rack.  ^=*    't   '^    received,    besides   assisting   to   keep    stock    records   and 

On  this  rack  are  listed  all  the  different  kinds  of  steels  the  com-  'a^ing  inventory. 

pany   uses,   with   a   two-inch   disk,   painted   in   the   corresponding  Much  thought   has   been  given   to   the  general   design   of   the 

color,  opposite  each  name.     The  l)oard   has  a   wide  background  rack   and    also   the    system    of    storage    employed,    both    perhaps 

which  shows  the  various  colors  to  great  advantage.  embodying  all  the  desirable   features   that   Gould   and   Eberhardt 

The  various   steels   with   their  corresponding  colors   as  listed  have   found  to  be  correct  during  their  8?  years  of   manufactur- 
ing experience.                      

on  the  board  are : 

30/45    machine    red  BIBLIOGRAPHY   ON   REFRACTORIES. 

High  speed  tool    b'"f  The   Refractory  Uivision  of  the  .\inerican  Ceramic  Society 

Crescent    yellow  has   issued   a  new   bulletin   in  the   form  of  a  bibliography   of 

10/15    machine    • green  niagnesite   and    dolomite    refractories.      Organizing    Secretary 

Cold    rolled white  Ross    Purdy,    Columbus,    Ohio,   lias    collaborated    with    A.    S. 

O.  C.  N.  S Halves  of  green  and  red  Greaves-Walker,  chairman  of  the   division. 

Simplex green    with    white    stripe  r^^^-^  -^  1^^^  j,,^.  ^^^^  ^f  j],^  bibliographies  to  be  issued  by 

Tap Halves  of  green  and  white  ^i^^,  society.     The  Refractory  Division  will  shortly  issue  other 

Each  rack  is  built  up  of  five  duplicate  sections,  spaced   four  bulletins    on    chromium,    sillimanitc,    alumina,    spinel,    silicon 

feet  apart   and   properly   braced  to   form   a   very   rigid   rack    16  cartjide,  zirconia,  carbon,  clay  and  special  refractories  includ- 

feet   long,    the    entire    rack    being    bolted    together    with    '  i-inch  '"S  nitrides  and  oxides.     The  U.  S.  Bureau  of  Mmcs.  in  Co- 

.    ,.  lumbus,  is  collaborating  in  the  preparation. 

T  :e  individual  section  has  a  base  consisting  of  a  heavy  8-inch  

I  beam  8  feet  long,  with  6  heavy  2x2-inch  angles,  7   feet  high.  LARGEST   ELECTRIC  STEEL   MELTING   FURNACE, 
equally  spaced  and   forming  uprights   to  divide  the   section   into 

five  tiers.     These  tiers  are  in   turn    subdivided   by    .'/.-inch   rods  The  Ford  Motor  Co.  has  placed  an   order  for  tlie  largest 

which  extend  from  top  to  bottom,  thereby  making  10  tiers  avail-  electric  steel  melting  furnace  ever  designed.     Its  capacity  will 

able  in  each  rack.  I>e  9000  kva,  wliich   is  claimed  to  be  three  times  the  size  of 

Cross  pieces  or  shelves  on  which  the  steel  hars  lay  are  heavy  any  previously  installed  furnace.     It  will  have  six  electrodes 

2x2-inch  angles,  spaced  about  20  inches  above  each  others  at  the  and  will  be  of  the  Greaves-Iilchells  bottom  conducting  type. 

bottom  and  diminishing  in  this  di.stance  until  at  the  top.  where  sold  by  the  Electric  Furnace  Construction  Co.,   Philadelphia, 

the  very  small  rods  are  stored;  the  distance  between  is  about  6  This   furnace   will  be   the  principal  melting  unit  of  the   new 

inches.    The  top  piece  of  each  section  is  composed  of  a  heavy  battery  of  electric   furnaces   for  the   Ford  company's   River 

2x3-inch  angle,  making  a  very  rigid  top  brace  to  complete  the  Rouge  works. 
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GROUND  TO  BE  BROKEN  FOR  COLD-ROLLED 
STRIP  MILL  AT  BEACON,  N.  Y. 

Ground  will  be  broken  at  Beacon,  N.  Y.,  the  first  week  in 
January  for  the  cold-rolled  strip  mill  of  the  Hudson  City 
Steel  Corporation,  the  plans  of  which  were  published  in  "The 
Iron  Age"  of  August  19,  1920.  It  will  roll  strips  from  2  to 
14  in.  wide  and  from  0.01  to  }4  in.  thick  and  will  sell  to  the 
general  trade.  The  corporation  owns  another  site  at  Hudson. 
N.  Y.  It  is  the  plan  to  first  manufacture  strips,  later  building 
open-hearth  furnaces  thereby  making  it  unnecessary  to  buy 
billets  and  sheet  bars. 

The  mill  will  have  a  cold-rolled  strip  capacity  of  1000  tons 
I)er  month  on  a  10-lhr.  day.  The  equipment  will  consist  of 
five  10-in.  mills,  five  12-in.  mills,  two  25-ton  General  Electric 
annealing  furnaces,  two  slitters  and  two  straighteners.  Dwight 
P.  Robinson,  Inc.,  New  York,  will  erect  the  building  and 
install  the  equipment.  Offices  of  the  Hudson  oorporation  are 
at  2302-4  Woolworth  Building,  New  York,  in  charge  of  James 
S.  Landers,  vice^resident  and  general  manager.  The  corpo- 
ration was  formed  in  May,  1920,  the  capitalization  being 
$500,000. 


ELECTRICAL  REVIEW  OF  THE  STEEL  INDUSTRY 
DURING  1921 

By   O.   Needh.vm,   General   Engineer 
Westinghouse   Electric   &   Manufacturing   Company 

The  activity  in  the  steel  mills  during  1921  has  not  been  very 
great,  and  therefore  there  has  not  been  a  considerable  amount 
of  extension  work  or  new  building  in  connection  with  them. 
There  has,  however,  been  some  quite  notable  advances  made  by 
electricity  in  the  steel  mills. 

The  installation  of  a  reversing  motor  to  replace  a  reversing 
engine  on  the  44-inch  blooming  mill  of  the  Bethlehem  Steel 
Company  at  Steelton,  Pa.,  marks  the  first  time  that  electricity 
has  replaced  steam  on  a  reversing  blooming  mill  in  this  country. 
Only  23  days  elapsed  from  the  time  the  engine  was  taken  out 
of  service  until  the  motor  was  put  into  service.  On  the  third 
day  of  operation  with  the  electric  motor  the  mill  rolled  1,006 
tons  on  a  turn,  which  was  within  40  tons  of  being  the  record  with 
the  engine.     Since  then  the  mill  has  rolled  1,520  tons  on  a  turn. 

Another  instance  of  electricity  replacing  steam  for  driving  a 
reversing  blooming  mill  is  at  the  Atlantic  Steel  Company,  At- 
lanta, Ga.  A  reversing  motor  was  installed  and  placed  in  opera- 
tion during  May  and  the  first  part  of  June,  1921,  on  a  blooming 
mill,  this  motor  replacing  a  reversing  steam  engine. 

The  Follansbee  Brothers  have  installed  in  their  new  plant  at 
Toronto.  Ohio,  a  reversing  motor  to  drive  a  bar  mill.  This  is  the 
first  instance  in  this  country  of  a  reversing  motor  being  used  to 
drive  a  bar  mill.    This  mill  will  be  used  for  finishing  sheet  bar. 

A  very  interesting  installation  from  an  electrical  standpoint 
will  be  the  new  electrically  driven  mills  of  'the  Driver  Harris 
Company  at  Harrison,  N.  J.  This  installation  will  consist  of  a 
20-inch  mill  and  a  9-inch  mill,  each  driven  with  an  adjustable 
speed  d.c.  motor  operated  at  600  volts  and  supplied  with  power 
by  a  common  motor  generator  set.  The  motor  generator  set 
consists  of  a  synchronous  motor  and  a  d.c.  generator.  The  point 
of  special  interest  in  this  installation  is  its  automatic  features. 
The  motor  generator  set  is  started  up  and  put  on  the  2200-volt. 
60-cycle  circuit  by  the  mere  pressing  of  a  push  button.  The 
motor  generator  set,  as  well  as  the  two  mill  motors,  are  equipped 


with  bearing  theromstats.  and  thermal  relays  are  placed  in  the 
circuits  of  all  the  machines.  These  thermostats  and  thermal 
relays  are  so  connected  up  that  if  a  bearing  temperature  rises 
above  a  predetermined  value  or  a  circuit  becomes  too  much  over- 
loaded, they  will  ring  a  gong  to  warn  the  mill  operator.  The 
gong  as  well  as  the  start  and  stop  push  buttons  and  the  meters 
for  the  motor  generator  set  and  mill  motors  are  placed  in  the 
mill  pulpit.  No  attendant  is  required  for  the  motors  and  motor 
generator  set,  as  complete  and  positive  protection  is  given  the 
equipment   by   the   automatic   protective   devices. 

The  Missouri  Rolling  Mill  Corporation  recently  purchased 
two  adjustable  speed  d.c.  motors  to  drive  a  16-inch  and  a  9-inch 
mill.  These  motors  operate  from  a  rotary  converter,  which 
receives  power  from  a  13.200-voIt,  25-cycle  circuit.  This  in- 
stallation as  well  as  the  Driver  Harris  Company  mill  will  oper- 
ate with  central  station  power. 

Central  station  power  is  used  very  extensively  in  the  smaller 
plants  and  to  some  extent  in  a  number  of  the  larger  ones.  Most 
of  the  larger  companies  generate  the  greater  part  of  their  power 
so  that  some  steel  companies  have  generating  station  that  com- 
pare quite  favorably  with  some  of  our  central  stations.  This 
means  that  they  are  able  to  utilize  some  rather  large  units  and 
thus  obtain  economies  comparable  with  central  stations.  The 
tendency  in  steel  mills  is  toward  the  higher  steam  pressures  and 
superheat  used  by  central  stations.  Sheel  mill  stations  now  use 
up  to  about  20.000  kv.-a,  operating  on  225  lb.  steam  and  150  deg. 
superheat. 

The  question  of  yard  electrification  for  steel  mills  has  been 
receiving  considerable  attention.  There  has  not  been  any  yard 
electrifications  in  steel  mills  up  to  the  present  time,  but  consider- 
able investigation  has  been  going  on  and  it  would  appear  that 
there  is  a  very  fertile  field  for  electrical  development  in  this 
direction. 

Electric  energy  for  heating  is  opening  up  an  additional  field 
for  the  use  of  electricity  in  steel  mills.  A  number  of  instances, 
such  as  electrically  heated  babbit,  and  solder  pots,  tin  pots  for 
tin  mills,  heat  treating  ovens,  and  core  drying  ovens  for  foun- 
dries are  proving  successful  and  demonstrate  that  electricity  can 
be  used  in  this  field. 


SHIPPING  STEEL  ON   OHIO   RIVER. 

Recent  shipments  of  iron  and  steel  from  Pittsburgh  and 
various  cities  along  the  Ohio  River  which  have  the  necessary 
terminals  have  caused  much  comment  among  local  business 
men,  the  products  carried  on  these  trips  not  being  available 
to  Cincinnati  because  of  the  difficulty  of  transferring  them 
from  barges  to  trucks  or  other  vehicles.  With  proper  term- 
inal facilities  much  business  that  now  goes  to  other  cities 
would  come  to  Cincinnati  and  at  the  same  time  local  con- 
sumers would  get  the  benefit  of  the  lower  space  rates  offered 
by  the  waterway  carriers. 

Several  plans  for  terminals  have  already  been  worked  out 
by  engineers,  and  it  is  e.xpected  that  early  action  will  be  taken 
to  build  ri\er  terminals  at  some  advantageous  point  on  the 
river  front  to  take  care  of  the  ever-increasing  shipments  of 
heavy  bulk  freight  into  the  city.  The  Chamber  of  Commerce 
is  active  in  promoting  a  concerted  eflfort  to  this  end  among 
the  business  interests. 
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On  December  15th,  the  New  York  Of- 
lice  of  the  Blaw-Knox  Company,  was 
moved  from  the  City  Investing  BiiiUIing 
to  the  Carbide  &  Carbon  Building.  30 
liast  42nd  Street. 


and    Foundry    Shops    of   the    Water    De- 
partment. 


.\s  of  December  1st,  the  .\ndrews- 
Bradshaw  Company,  Sales  Engineers, 
formerly  located  on  the  third  lloor  of 
the  B.  F.  Jones  Bldg..  Pittsburgh,  Pa- 
have  moved  to  the  eighth  floor  of  the 
same  building.  They  have,  by  this  move, 
doubled  their  office  space. 


Mr.  A.  D.  Keene,  Electric  Furnace 
Engineer  of  the  General  Electric  Com- 
pany. Schenectady  Works,  is  now  con- 
nected with  the  Pittsburgh  Electric  Fur- 
nace Corporation  as  engineer  on  electric 
furnace  designs  and  applications  in  the 
steel  and  metal  industries. 


The  Engineering  .Advertisers  .Associa- 
tion of  Chicago  is  now  publishing  a 
monthly  bulletin  in  the  interest  of  its 
members.  The  Bulletin  gives  a  digest 
of  the  speeches  made  at  the  various  meet- 
ings and  also  includes  other  information 
and  facts  regarding  the  movements  of 
goods  from  industry  to  industry,  personal 
notes,  etc.  We  are  advised  that  at  the 
present  time  there  are  a  limited  number 
of  e,\tra  copies  of  the  "Bulletin"  which 
will  be  sent  upon  request  to  the  adver- 
tising managers  of  concerns  selling  tech- 
nical or  engineering  products. 


William  Swindell  &  Brothers,  of  Pitts- 
burgh, Pa.,  have  established  an  electric 
furnace  department  under  the  direction 
of  Frank  W.  Brooke,  late  vice-president 
and  chief  engineer  of  the  Electric  Fur- 
nace Construction  Company.  Philadel- 
lihia.  Pa.  This  department  offers  the 
latest  design  in  furnaces  for  melting  steel, 
gray  iron  and  non-ferrous  metals,  and 
also  a  complete  line  of  electric  heating 
furnaces  from  30  kw  upwards.  .\  license 
to  operate  under  the  Marsh  Patents  has 
been  granted  to  this  firm. 


Whiting  Corporation,  Harvey,  111. 
(Chicago  Suburb),  has  purchased  a  con- 
trolling interest  in  the  Grindle  Fuel 
Equipment  Co..  manufacturers  of  Com- 
plete Powdered  Coal  Plants  for  use  in 
connection  with  malleable  furnaces,  an- 
nealing ovens,  steam  boilers,  billet  heat- 
ing and  various  other  types   of  furnaces. 

F.  J.  Ryan  &  Company.  Wesley  Build- 
ing, Philadelphia,  Specialists  in  Industrial 
Furnace  Problems  announce  the  award  of 
a  contract  from  the  City  of  Philadelphia 
for  all  of  the  equipment  in  the  new  Forge 


l'"reyn,  Brassert  &  Company,  Chicago, 
have  recently  shipped  boiler  and  hot  blast 
stove  burner  c(|uipnient  to  the  Rochester 
iS:  Pittsburgh  Coal  and  Iron  Company  at 
Pun.xsutawney.  Pa.,  and  the  Chateaugay 
Ore  &  Iron  Company  at  Standish,  N.  Y. 
The  Shenango  Furnace  Company  has  re- 
cently installed  this  company's  Mathesius 
hot  blast  gate  valve  equipment.  Freyn, 
Brassert  &  Company  have  also  been  re- 
tained by  the  Mitchell-Diggings  Iron  Com- 
I)any.  Cadillac.  Mich.,  in  reference  to 
power    plant    matters. 


Bell  &  Cosset,  Chicago,  rejiresentativcs 
of  the  Ouigley  Furnace  Specialties  Com- 
pany, J6  Cortlandt  street,  New  York,  have 
been  succeeded  in  that  capacity  by  H.  M. 
Thompson,  formerly  with  the  Thomas 
Moulcling   Bricg   Company.   Chicago. 


Pittsburgh  offices  of  the  R.  H.  Beau- 
mont Company,  Philadelphia,  contractor  of 
coal,  coke  and  ash  handling  systems,  arc 
to  be  moved  from  230  Fifth  avenue  to  the 
Oliver  building.  Charles  W.  Ross  is  the 
new  manager  of  the  Pittsburgh  office. 


Toronto  offices  of  the  International 
Nickel  Company  of  Canada  have  been 
closed  and  executive  business  of  the  com- 
pany has  been  transferred  to  the  offices 
of  the  International  Nickel  Company,  New 
York. 


New  sales  oflices  at  Dayton.  Ohio,  of 
the  WyckotT  Drawn  Steel  Company.  Pitts- 
burgh, are  located  at  1126  Reibold  build- 
ing in  charge  of  George  H.  Rehling,  who 
also  has  charge  of  the  southwestern  Ohio 
territory. 

luiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiinnnnn iimi i iiiiiiiiiiiiiimninmmnmmi 

TRADE   PUBLICATIONS 

iniNiiniinii iii iiiiiiiiiiiiiiiiiin iiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiii i 

The  Machine  Tool  Division  of  Pawling 
&  ilarnischfcger  Co.,  of  Milwaukee,  has 
just  issued  Bulletin  4-F,  describing  the 
new  Horizontal  Boring,  Drilling  and 
Milling  Machine,  which  was  recently  de- 
scribed in  detail  in  this  publication.  One 
of  the  interesting  illustrations  included  in 
this  Bulletin  shows  how  all  operating 
levers  are  concentrated  on  the  saddle.  A 
circle  with  20-inch  radius  includes  all 
these  levers,  giving  a  good  idea  of  the 
compactness  and  convenience  of  opera- 
tion. 

.\n  outline  of  the  fundamental  prin- 
ciples of  heating  and  handling,  so  fre- 
([uently  overlooked  in  practice,  with  il- 
lustrations of  their  practical  application 
in    the   manufacture   of   wide    variety    of 


springs,  are  carried  in  Bulletin  No.  240 — 
"The  Heat-Treatment  of  Springs  with 
Stationary  and  Continuous  Furnaces," — 
published  by  the  W.  S.  Rockwell  Com- 
pany. 


The  Electric  Furnace  Company,  manu- 
facturers of  the  Bailey  electric  furnace, 
have  issued  a  descriptive  bulletin  show- 
ing a  large  number  of  Bailey  installa- 
tions.    It  is  a  very  attractive  bulletin. 


Ingersoll-Rand  has  published  Bulletin 
1-R,  Surface  Condensers,  which  describes 
a  recent  highly  important  development  of 
this  type  of  condenser  and  also  describes 
Barometric  and  Low  Level  Multi-jet 
types  of  condensers,  manufactured  by 
the  same  company.  It  vividly  describes 
the  use  of  surface  condensers. 


The  Laclcde-Christy  Clay  Products  Co. 
have  published  a  bulletin  in  which  is  in- 
cluded an  article  on  ".Are  Refractories 
Imposing  a  Limitation  on  Stoker  Per- 
formance?" This  article  contains  worth 
while  information  which  is  of  interest  to 
the  engineers  in  charge  of  plants,  par- 
ticularly those  who  have  charge  of  the 
buying  of  refractories  for  power  plants. 
.\  booklet  will  be  sent  upon  request. 


M.  H.  Treadwell  Co.,  have  issued  a 
booklet  entitled  "Mixer  Type  Hot  Metal 
Cars."  This  booklet  is  descriptive  and 
contains  photographs  of  many  of  these 
cars  which  are  now  used  by  prominent 
steel  plants.  .Among  the  large  users  of 
this  type  of  metal  cars  are  the  Cambria 
Steel  Company,  who  have  ten  75-ton  cars 
and  Jones  and  Lau.ghlin  Steel  Company, 
who  have  nine  80-ton  cars. 


Book  No.  113  issued  by  the  Industrial 
Works,  Bay  City,  Michigan,  is  descriptive 
of  the  Crawling  Tractor  Cranes.  It 
shows  various  types  of  cranes  which  are 
used  aroond  industrial  plants  to  the  best 
advantage. 


The  Edge  Moor  Iron  Company  has  is- 
sued a  book  under  the  title  of  "The  De- 
velopment and  Theory  of  the  Water  Tube 
Boiler."  It  is  very  interesting  and  covers 
the  subject  completely. 


Industrial  Works,  Bay  City,  Mich.,  is 
distributing  free  upon  request  Catalog  No 
113,  illustrating  and  describing  the  Type 
BC  "Industrial"  crawling  tractor  crane  of 
20,000  pounds  capacity.  This  crane  is  pre- 
eminently adapted  to  the  needs  of  road  con- 
tractors, lumber  and  coal  dealers,  gravel, 
sand  and  stone  producers,  foundries,  rail- 
road reclamation  and  storage  yards,  and 
moderate  size  manufacturing  plants. 


iiHiiiiiiii iiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin^ 


Ine  Dmsi  hi 


mace^y 


'^SWl  PU 


g;wiilMiiiiiiiiiiiiiiiwiii:iiiiiuiiii;iiiiiiiiii;iii;iiiiimimiiiiiiiiiiiiii.iiiiiiiiiiiiiiiiuuiiiiii^  iiiiiNiiiiiiiiiiiiiiiimmiiiiiiiiiriiiiiuiiiiiiiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiMmruiiuiiiiim iiiiii.iiiiiniiiiiiiii iiiiii:iiiiiiiuii]iiuiii:iiiiiiiiiiiiiiiiiii;iiiiiiiiiiiiiiiuiiiiiiiiiiiii;:iiiiiii:iiiniiii){i iiiiiiiminiiimiiiiiiiiniiiitiiiiiiiiiiiiiiiiiitiiiiiiiiii, 


Vol.  X 


PITTSBURGH,  PA.,  FEBRUARY,   I'UU' 


No.  2 


Eastern  Steel  Company  New  Blast  Furnace 

Description  of  New  Furnace  Recently  Built  for  This  Company  at 
Pottstown,  Pa. — A  Historical  Review  of  the  Activities  of  the 
Eastern  Steel  Company. 

By   RICHARD   PETERS,  JR.* 


THE  liard  of  Avon  in  one  of  his  best  known  plays 
used  the  oft-quoted  query,  "What's  in  a  name?"  The 
answer  to  the  question  as  appHed  to  the  pig  iron  in- 
dustry may  be  found  in  the  zealous  guarding  of  time- 
tried  brand  names  of  the  products  of  blast  furnaces.  The 
earliest  iron  masters  originated  the  custom  of  giving  per- 
sonal appellations  to  their  works  and  the  iron  made  was 
likewise  identified.  This  practice  has  been  continued  to 
the  present  time,  and  while  it  is  true  that  the  more  en- 
lightened foundrymen  of  today  lay  more  stress  on  the 
chemical  feature  of  their  iron,  yet  it  may  be  said  that  they 
also  have  great  faith  in  the  trade  name. 

It  is  therefore  of  singular  interest  to  know  that  "War- 
wick" as  a  brand  has  been  almost  continually  used  in 
the  eastern  district  for  nearly  two  centuries,  outliving 
the  vicissitudes  of  time  and  changing  conditions  of  the 
industry. 

Construction  of  the  original  Warwick  furnace  was 
started  in  1737  and  the  plant  was  first  operated  in  the 
following  year.  It  was  located  on  the  south  branch  of 
French  creek  in  Chester  County,  Pa.,  about  10  miles 
southwest  of  Pottstown,  where  the  remains  of  the  fur- 
nace are  still  to  be  seen.  This  early  plant  was  probably 
the  largest  operating  in  the  colonies  and  made  many  cast- 
ings for  the  early  husbandry.  It  is  credited  with  having 
cast  the  first  of  the  stoves  invented  by  Benjamin 
Franklin. 

In  the  Revolutionary  period  the  furnace  was  actively 
engaged  in  casting  cannon  for  the  Continental  army,  and 
during  the  activities  of  Howe's  troops  in  the  vicinity  of 
Philadelphia  some  of  the  Warwick  cannon  were  buried 
for  safety  on  the  furnace  property.  In  the  early  fall  of 
1777,  before  Washington  met  the  British  at  Brandy  wine, 
the  American  army  was  encamped  for  a  time  at  \Var- 
wick.  The  subsequent  operations  of  the  furnace  are 
woven  into  the  early  history  of  iron  making  in  Pennsyl- 
vania, and  the  narratives  of  American  manufacture  of  60 
years  ago  give  prominence  to  the  enterprise  at  Warwick. 
It  was  not  until  the  year  1867  that  the  furnace  made  its 
last  blast  which  was  probably  due  to  the  increasing  diffi- 
culties of  obtaining  charcoal,  and  also  to  a  great  degree 
in  the  fact  of  its  inaccessible  location  with  respect  to 
changing  methods  of  manufacture. 

Following  a  successful  campaign  of  over  a  century 
and  a  quarter,  it  seemed  natural  when  a  new  iron  enter- 
prise was    formed   in   the   vicinity    that    the    projectors 


should  seize  the  opportunity  of  perpetuating  the  name 
of  Warwick.  Accordingly  we  find  that  on  March  30, 
1872,  a  charter  was  granted  to  the  Warwick  Iron  Com- 
pany which  was  headed  by  Jacob  H.  Gabel  as  first  presi- 
dent. The  actual  construction  of  the  new  furnace  was 
begun  in  1875  and  the  first  blast  put  on  in  the  following 


•Mr.  Peters  is  manager  of  sales  of  the  Pulaski  Iron  Co. 


Fig.    1 — General    view    of    new    blast    furnace,    showing    skip 
bridge   with    independent   shear   leg   support. 

year.  The  stack,  which  was  built  of  brick,  banded  with 
iron  hoops,  rested  on  masonry  columns,  and  its  dimen- 
sions were  55  feet  in  height  with  a  bosh  diameter  of  16 
feet.  The  furnace  was  blown  with  six  tuyeres,  the  blast 
being  supplied  by  a  single  96x40  by  7-ft.  stroke  non-con- 
densing engine,  while  the  air  was  heated  in  two  iron  pipe 
stoves.  The  ores  used  were  mainly  local  and  the  fuel 
principally  anthracite  coal. 

The   starting  of   the   plant   was  attended   with  great 
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operating  difficulties  dm-  to  mdilTereiit  nuuKigeinent.  but 
fortunately  for  the  owners  of  the  property  they  obtained 
the  services  of  Edgar  S.  Cook  in  1877.  Mr.  Cook  was 
at  that  time  in  charge  of  the  Monocacy  furnace  a  few- 
miles  above  Pottstown,  and  had  displayed  remarkable 
ability  as  a  young  man  in  blast  furnace  practice.  Shortly 
after  taking  charge  at  Warwick,  Mr.  Cook  installed  a 
chemical  lalxiratory  at  the  furnace  which  was  one  of  the 
first  steps  in  this  direction  in  the  cast. 

With  the  aid  of  technical  advice  from  the  late  John 
Birkinbine,  Cook  made  changes  in  the  lines  of  the  fur- 
nace which  with  other  improvements  raised  the  produc- 
tion of  iron  from  UX)  to  350  tons  per  week.  Froin  De- 
cember, 1880,  the  furnace  started  on  a  campaign  which 
lasted  five  vears,  the  output  averaging  over  100  tons  per 
day,  and  under  Cook's  management  the  plan  proceeded 
upon  a  successful  career.  In  1892.  after  a  careful  in- 
vestigation of  fire  brick  stoves  then  in  use,  Mr.  Cook  in- 
stalled a  set  of  three  Hugh  Kennedy  type  each  20  by 
60  feet,  replacing  the  iron  stoves  of  the  Durham  pat- 
tern. This  radical  change  brought  forth  both  friendly 
criticism  and  skepticism  from  the  leading  anthracite  iron 
masters,  who  at  that  tme  were  stanch  adherents  of  the 
iron  type  stove.  The  new  stoves  were  designed  by 
Hugh  Kennedv,  then  manager  of  the  Isabella  plant  near 
Pittsburgh,  and  from  outward  appearances  resembled  the 
ordinary  dome  top  type  of  the  present,  except  that  they 
were  surmounted  by  a  pair  of  squatty  chimneys  which 
gave  them  an  unusual  look. 

The  revival  of  the  iron  business  following  the  long 
stagnation  from  the  panic  of  '93  brought  forth  much  ex- 
pansion in  the  industry,  and  the  Warwick  Company  fol- 
lowed the  order  of  the  day  by  reorganizing  into  the  War- 
wick Iron  &  Steel  Company  in  the  summer  of  1899.  At 
this  time,  at  Mr.  Cook's  suggestion,  a  new  furnace  was 
projected  and  construction  was  commenced  in  1900.  The 
program  included  an  entire  new  plant  to  supplement  the 
existing  unit,  with  the  additional  feature  of  the  installa- 
tion of  a  pig  casting  machine  of  the  Uehling  type.  The 
furnace  was  100  by  22  feet  with  four  stoves  of  the  same 
height,  and  the  stack  was  the  first  of  that  size  to  be 
built  in  the  east.  The  late  Edward  Cook,  who  at  the 
time  of  the  rebuilding  of  the  plant  was  assisting  his 
father,  told  the  writer  that  the  lines  of  the  new  furnace 
were  obtained  by  proportionate  enlargement  of  those  of 
the  older  stack  which  had  done  such  good  work.  It  was 
found  in  actual  practice  on  the  new  furnace  that  these 
lines  did  not  give  the  desired  results,  and  several  changes 
had  to  be  made  before  the  furnace  gave  satisfactory 
grades  and  output. 

Mr.  Cook  was  an  early  advocate  of  machine  cast  pig 
iron  and  did  much  pioneer  work  in  the  introduction  of 
this  character  of  metal  into  the  mixture  of  those  foundry- 
men  who  were  inclined  to  be  skeptical  of  the  results 
from  changes  of  long  time  practices.  Not  content  with 
his  many  bold  strides  toward  developing  modern  methods 
at  a  merchant  furnace  plant.  Cook  installed  a  Galey  dry- 
blast  system  shortly  after  the  results  of  the  experiments 
at  Isabella  had  been  exploited.  The  Warwick  Company 
had  for  some  15  years  kept  complete  records  showing 
the  amovmt  of  water  entering  the  furnaces  in  the  form 
of  aqueous  vapor,  and  concluded  if  a  more  regular  opera- 
tion of  the  furnaces  could  be  maintained  the  cost  of  the 
installation  would  be  justified. 

Despite  the  fact  that  the  Warwick  Company  now  had 
two  stacks,  they  leased  and  overhaided  the  old  anvil  fur- 
nace of  the  Pottstown  Iron  Company  in  1906  in  order 
to  satisfy  their  market.  This  lease  did  not  prove  to  be  a 
profitable  one  on  account  of  local  operating  difificuities, 


and  steps  were  taken  to  insure  the  company  having  avail- 
able at  all  times  two  units.  While  the  original  stack  had 
been  improved  by  the  replacement  of  the  11  ugh  Kennedy 
stoves  by  those  of  larger  dimensions  and  of  a  center  com- 
bustion type,  the  company  felt  that  they  would  be  justi- 
fied in  erecting  a  new  furnace  to  be  used  as  an  alternate 
in  the  event  that  either  of  the  two  stacks  were  out  of 
blast.  .Xccordingly  a  new  furnace,  known  as  "A,"  was 
constructed  of  the  thin  lined  type  which  was  located  be- 
tween the  two  built  previously,  and  arranged  to  be  used 
with  the  stove  and  power  equipment  of  either  number 
one  or  number  two  furnace.  This  unit  had  the  general 
characteristics  of  the  type  much  exploited  some  10  years 
ago,  and  was  constructed  with  the  top  structure  inde- 
pendent from  the  shell,  which  was  water  cooled  hy 
means  of  a  spiral  trough  supplied  by  the  waste  water 
from  the  tuyeres  and  bosh  plates. 

Furnace  "A"  was  practically  completed  at  the  time 
when  the  Eastern  Steel  Company  made  a  long  time  lease 
on  the  properties  of  the  Warwick  Iron  &  Steel  Company 
in  1912.  With  the  passing  of  the  management  of  the 
properties  into  other  hands  the  Cooks,  father  and  son,  re- 
tired from  active  charge  of  the  furnaces,  and  their  deaths 
a  few  years  since,  closely  following  each  other,  removed 
from  the  iron  world  able  men  with  sterling  characters. 

The  Eastern  Steel  Company,  desiring  to  bring  the 
plant  strictly  up  to  date,  arranged  with  the  owners  of  the 
property  for  the  removal  of  the  original  number  one 
stack  which  had  not  been  operated  for  some  years,  agree- 
ing to  replace  the  "A"  or  center  furnace  with  one  of  a 
later  type. 

The  contract  for  rebuilding  the  "A"  Furnace  was 
placed  with  Arthur  G.  McKee  &  Company  of  Cleveland, 
and  involved  a  complete  new  stack  and  appurtenances. 
The  hearth  level  of  the  furnace  was  raised  4  ft.  7j/2  in., 
the  foundation  being  raised  and  enlarged  to  support  the 
new  stack.  The  new  hearth  jacket  is  of  IJ^-in.  plate,  22 
ft.  in  diameter  and  10  ft.  high,  allowing  a  hearth  diame- 
ter of  15  ft,  as  compared  with  14  ft.  in  the  old  furnace. 
Drawing  No.  3827  (Fig.  2)  shows  the  sectional  eleva- 
tion of  the  furnace,  furnace  top,  skip  bridge  and  stock 
bins.  The  tuyere  jacket  is  19  ft.  6  in.  inside  diameter,  4 
ft.  7  in.  high  of  1-in.  plate.  The  furnace  shell  is  of  ^- 
in.  plate,  the  mantle  ring  being  of  1-in.  plate  and  heavy 
angles. 

There  are  eight  columns  spaced  alternately  at  50  deg. 
and  40  deg.  angles.  This  allows  the  uniform  spacing  of 
the  12  tuyeres,  two  tuyere  stocks  being  placed  in  the  50 
deg.  and  one  in  the  40  deg.  space.  The  columns  are  of 
structural  shapes  these  being  considered  more  reliable 
and  less  bulky  than  cast  iron  columns. 

The  hearth  and  bosh  cooling  system  consists  of  eight 
rows  of  copper  cooling  plates.  The  experience  of  the 
engineers  has  brought  out  the  inadvisability  of  cooling 
plates  above  the  mantle,  and  the  construction  of  recent 
furnaces  with  few  exceptions  bears  this  out.  The  hearth 
brick  are  also  cooled  by  cast  iron  cooling  plates  inside 
the  hearth  jacket.  The  new  lining  consists  of  approxi- 
mately 497,000  fire  brick  9  in.  equivalents. 

The  furnace  top  was  entirely  rebuilt.  A  new  plat- 
form of  5/16-in.  plate  with  solid  hand  railing  is  sup- 
ported by  the  cast  steel  furnace  top  ring  and  structural 
brackets.  The  top  structure  is  notable  in  that  it  com- 
bines all  facilities  of  a  modern  furnace  top  with  a  com- 
pactness and  co-relation  of  parts  which  is  not  often  real- 
ized. The  three  structural  "A"  fraines  supporting  the 
trolley  beams  are  mounted  on  the  platform,  two  of  these 
forming  a  tower. 
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Fig.  2 — Cross  section  through  new  furnace. 
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A  novel  scheme  was  developed  to  utilize  the  old  ver- 
tical hoist  tower  of  the  furnace.  This  was  rebuilt  and 
equipped  with  stairway  and  platform  and  so  placed  as  to 
support  the  ends  of  the  trolley  beams,  thus  allowing  them 
to  extend  to  the  unusual  distance  of  68  feet  from  the 
center  line  of  the  furnace.  The  trolley  has  a  capacity  of 
25  tons,  sufficient  to  handle  the  load  of  the  large  bell  and 
hopper  taken  together. 

The  large  and  small  bell  beams,  as  shown  in  the 
drawing,  are  supported  by  the  trolley  beams,  and  are 
pivoted  on  a  single  forged  steel  shaft  with  special  ad- 
justable bearings.  The  large  beam  only  is  counter- 
weighted,  the  additional  counterweights  being  provided 
at  the  bell  cylinders  which  are  placed  at  the  cast  house 
level.  The  bell  beams  are  connected  with  the  bell  cylin- 
ders such  that  the  bells  open  bv  gravitv. 

The  skip  bridge  was  raised  to  conform  with  the  new 
furnace  height  and  the  angle  steepened  from  67  deg.  to 
71  deg.  47  min.  with  the  horizontal.  The  bridge  is  sup- 
ported by  a  shear  leg  independent  of  the  furnace  stack, 
and  has  a  plate  deck  under  the  rails.  At  the  top  of  the 
bridge  is  an  au.xiliary  trolley  beam  form  handling  the  bell 
beams.  The  hoist  house  is  under  the  skip  bridge  and  the 
skip  ropes  brouglit  through  the  bridge  by  guide  sheaves 
as  shown  in  the  drawing. 


The  new  large  bell  is  of  cast  steel  11  ft.  3  in.  in  diame- 
ter with  .SO  deg.  slope.  The  large  bell  rod  is  forged  steel 
5  in.  in  diameter.  The  stock  distribution  is  accomplished 
by  a  McKee  revolving  distributor,  equipped  for  auto- 
matic recurrence  of  a  six  skip,  six  position  cycle. 

Four  new  downcomers  were  provided,  connectins:  to 
the  old  pipes.  The  downcomer  connections  at  the  top  of 
the  furnace  are  of  the  McKee  patented  type  and  are  made 
up  of  cast  steel.  These  downcomers  serve  as  a  prelim- 
inary dustcatcher  in  that  the  gas  must  turn  at  a  sharp 
angle  in  order  to  pass  the  baffle  and  enter  the  vertical 
outlet,  thus  causing  the  particles  of  stock  carried  with 
the  gas  to  strike  the  end  of  the  inclined  pipe,  or  the  baf- 
fle casting,  and  roll  back  into  the  furnace.  The  arrange- 
ment of  downcomer  castings  is  shown  in  Fig.  1.  C)ne 
bleeder  36  in.  in  diameter  by  41  ft.  high  was  installed. 

Three  75-ton  hot  metal  ladle  cars  were  purchased  and 
put  in  operation.  These  are  of  the  mixer  type  and  are 
motor  operated. 

All  of  the  engineering  and  reconstruction  work  w-as 
done  by  Arthur  G.  McKee  &  Company  on  a  lump  sum 
contract.  The  supervision  of  the  design  and  construc- 
tion was  handled  for  the  owners  by  S.  O.  Hobart,  man- 
ager, and  his  assistants. 


Disintegration  of  Blast  Furnace  Linings 

We  Invite  Discussion  of  This  Subject  Through  The  Blast  Fur- 
nace and  Steel  Plant — Brick  Makers  Should  Make  Experimental 
Tests  to  Find  Resistance  of  Various  Makes  of  Brick  to  Zinc  Fumes 

By  P.  O.  MENKE* 
General  Supt.,  Shenango  Furnace  Co.,  Sharpsville,  Pa. 


WITHIN  recent  years  the  blast  furnace  men  have 
become  more  or  less  alarmed  over  the  repeated 
failures  of  blast  furnace  linings.  The  first  few 
failures  were  confined  to  a  certain  well  known  brand  of 
steam  pressed  brick.  Shortly  afterward  we  heard  of 
other  well  known  and  popular  makes  of  furnace  linings 
giving  out.  All  of  these'  early  failures  were  confined  to 
steam  pressed  linings,  but  later  there  has  been  found  dis- 
integration in  some  well  known  hand  made  linings.  The 
probable  reason  that  the  failures  have  not  been  more  nu- 
merous in  the  hand  made  brick  is  on  account  of  the  popu- 
larity of  steam  pressed  linings  in  recent  years. 

There  is  no  doubt  that  the  quality  of  most  of  the 
popular  brands  of  fire  brick  has  greatly  deteriorated  dur- 
ing the  last  five  or  six  years,  principally  due  to  careless 
and  inefficient  labor,  over  which  the  maker  had  no  con- 
trol, but  some  of  this  is  probably  also  due  to  mixing  in 
some  inferior  clays.  The  proportion  of  plastic  clay  was 
increased  beyond  the  former  usual  ratio.  The  flint  clays 
were  ground  finer  in  order  to  make  a  nice  looking  brick ; 
in  fact,  most  of  the  furnace  men  in  recent  years  have  laid 
too  much  stress  on  getting  a  smooth,  nice  looking  fire 
brick  that  would  lay  up  nicely,  with  minimum  cutting 
and  labor.  Nevertheless,  all  of  the  aforesaid  changes 
should  not  account  for  all  of  the  trouble. 


♦Paper  read  before  The  Eastern  States  Blast  Furnace  and 
Coke  Oven  Association. 


During  the  early  part  of  this  year,  while  visiting  a 
large  eastern  plant,  my  attention  was  drawn  to  some  shell 
failures.  Some  of  these  were  on  light  shells,  but  one  of 
these  cracked  shells  was  built  out  of  1-inch  plate,  well 
riveted  and  butt  strapped,  in  every  way  a  first  class  job. 
It  had  a  steam  pressed  lining  laid  against  the  shell  with- 
out any  packing  space.  This  shell  had  started  to  split 
vertically  several  sheets  above  the  mantle.  At  the  time 
this  was  attributed  to  the  probable  expansion  of  the  steam 
pressed  brick.  I  was  alarmed,  due  to  the  fact  that  we 
have  been  laying  our  steam  pressed  linings  against  the 
shell  for  some  years  past,  first  on  one  of  our  furnaces 
which  had  a  1-inch  shell,  afterward  on  a  furnace  with 
a  j4-'nch  shell  and  two  furnaces  that  had  Yz-'mch  shells. 
These  furnaces  have  been  operating  that  way  for  seven 
years  or  more,  and  as  vet  show  no  sitrns  of  rupturing  the 
shell. 

On  looking  over  the  aforementioned  sheik  I  noticed 
some  secretion  at  the  point  of  fracture  which  looked  like 
a  deposition  of  zinc  fumes.  It  struck  me  at  once  that 
this  might  be  a  case  of  zinc  impregnation  of  brick  work. 
I  suggested  having  the  secretion  analyzed  for  zinc,  in 
addition  to  taking  a  drilling  through  the  crack  and  having 
some  of  this  brick  material  analyzed.  We  have  heard 
later  that  zinc  was  found. 

Also  found  that  it  was  no  uncommon  occurrence  to 
burst  furnace  shells  in  that  part  of  the  state;  in  fact,  it 
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was  such  a  regular  thing  at  one  plant  that  it  led  to  the 
design  of  a  very  ingenious  banding  lug  for  banding  shells 
whenever  they  showed  signs  of  giving  way.  Shortly 
afterward,  we  read  and  heard  of  a  very  bad  shell  failure 
with  fatal  results,  which  was  generally  attributed  to  an 
explosion.  As  this  mishap  was  so  unusual  and  of  such 
fatal  consequence,  it  had  most  all  of  the  furnace  men 
alarmed  who  heard  of  it. 

On  a  visit  shortly  after  and  on  seeing  photographs  of 
this  wreck,  it  seemed  to  me  I  could  see  action  of  zinc 
impregnation  and  disintegration.  The  manager  assured 
me  there  was  no  zinc,  as  he  did  not  use  any  zinc  bearing 
raw  material.  On  examining  this  furnace  we  found  a 
distinct  vertical  separation  and  cleavage  of  the  remaining 
portion  of  the  inwall.  Although  we  could  not  detect  any 
metallic  zinc,  I  was  quite  sure  I  could  see  particles  of 
zinc  oxide  in  this  cleavage.  On  some  of  this  brick  ma- 
terial being  analyzed  later,  zinc  was  found  in  the  form 
of  oxide,  chloride  and  metallic,  as  high  as  40  per  cent 
down  to  .15  per  cent. 

With  zinc  impregnation  as  high  as  shown  in  the  afore- 
going analysis  it  does  not  seem  unreasonable  at  all,  know- 
ing the  terrific  strain  that  a  zinc  saturated  lining  exerts, 
to  have  split  this  shell,  particularly  so  as  it  was  water 
cooled.  I  believe  that  this  shell  also  had  a  splash  jacket 
which  prevented  the  operators  from  promptly  detecting 
any  signs  of  splitting  of  the  furnace  shell  under  the 
splash  jacket.  With  the  split  shell  it  would  not  neces- 
sarily take  a  very  heavy  slip  to  put  on  enough  additional 
strain  to  tear  horizontally  and  open  up. 

We  shoveled  out  some  furnaces  that  had  been  banked 
for  several  months.  On  examining  linings,  we  found  one 
of  them  had  a  considerable  belly,  extending  from  the 
mantle  to  30  feet  above  the  mantle,  reaching  less  than 
one-third  of  the  way  aroimd  the  furnace.  On  digging  in 
to  get  a  footing  for  a  patch  we  found  the  brick  wall 
glazed  and  hard  for  a  depth  of  from  4  to  1  inches  back 
of  the  inner  face  of  the  lining.  Beyond  that,  we  found 
a  zone  of  separation  and  spalled  cleavage  for  a  distance 
of  from  J4  inch  to  2  inches.  This  space  was  filled  with 
zinc  oxide,  metallic  zinc  and  large  carbon  deposits ;  zinc 
from  2  to  20  per  cent.  Beyond  that,  for  a  distance  of 
from  2  to  4  inches,  the  brick  was  disintegrated  and 
crumbly,  saturated  to  the  extent  of  from  .03  to  6.28  per 
cent  of  Zn.  Beyond  that  point,  extending  to  the  shell, 
the  brick  was  firm  and  in  a  good  state  of  preservation, 
with  practically  no  zinc  impregnation.  The  balance  of 
the  lining  seemed  very  good.  It  had  worn  back  less  than 
2  inches  of  the  original  dimensions. 

\\'e  cut  two  test  holes  through  the  good  lining  back  to 
the  shell,  opposite  the  bad  place.  Found  no  disintegra- 
tion. The  face  of  the  brick  was  glazed  and  firm,  and 
really  harder  than  it  would  be  in  the  original  state. 
Found  metallic  zinc  in  the  joints,  also  some  oxide  of 
zinc  about  12  inches  back  from  inner  face  of  lining,  but 
this  had  in  no  way  penetrated  the  brick. 

As  we  have  had  some  spray  cooling  on  outside  of 
shell  on  the  thin  spot  of  this  furnace,  we  laid  the  disin- 
tegration at  this  point  to  this  cooling  effect.  This  fur- 
nace was  lined  up  with  the  same  make  of  steam  pressed 
brick  that  had  given  us  over  800,000  tons  the  preceding 
blast,  and  was  in  good  serviceable  condition  when  blown 
out. 

On  finding  this  condition  at  this  furnace  we  cut  some 
test  holes  above  the  mantle  at  our  other  furnace  that 
had  been  lined  up  with  the  hand  made  brick  of  a  popu- 
lar make.  This  lining  had  been  stored  in  our  brick  shed 
over  five  vears,  so  must  have  been  made  at  a  time  before 


we  heard  much  of  disintegration  of  furnace  linings.  We 
found  the  inner  face  well  glazed  and  firm  for  a  distance 
of  about,  4  inches.  From  there  on  we  found  zinc,  both 
metallic  and  oxide,  and  disintegration  to  the  extent  of 
making  the  brick  soft  and  very  easy  to  cut,  to  within  4 
or  5  inches  of  the  shell.  The  conditions  were  identical 
at  the  two  opposite  points  of  the  furnace.  We  made  no 
repairs,  but  plugged  the  holes,  and  this  furnace  is  operat- 
ing today. 

On  the  strength  of  these  observations  closer  investi- 
gation in  our  district  of  some  of  the  most  prominent  cases 
of  disintegration  was  made.  We  found  in  one  particu- 
lar case  where  they  had  lost  two  linings  that  they  had 
found  zinc  up  to  18  per  cent  in  this  brick.  Consider- 
able of  this  was  metallic,  but  they  did  not  seem  to  blame 
the  presence  of  this  zinc  for  the  disintegration  of  their 
linings. 

Our  own  experience  in  this  matter  has  been  expen- 
sive, and  the  cause  of  great  delay.  Nine  or  ten  years 
ago,  on  account  of  low  phosphorus  contents,  our  furnaces 
had  used  a  proportion  of  Blue  Billy  agglomerates  in  our 
burden.  First  split  one  shell  on  the  smaller  furnace 
which  had  seen  considerable  service.  This  shell  had  to 
be  renewed.  Within  two  years  our  larger,  newer  fur- 
nace opened  up  her  shell  both  in  the  vertical  and  hori- 
zontal seams,  in  the  heavy  section.  We  promptly  banded 
this  furnace.  She  burst  these  bands  until  we  put  on- 
12xlJ/:2-in.  bands,  very  closely  spaced.  After  that, 
sheared  the  horizontal  scams  of  the  shell,  and  showed 
swellings  and  distortions  on  the  side  of  the  furnace.  This 
furnace  was  excessively  water  cooled  in  the  bosh.  Also 
had  cooling  plates  above  the  mantle.  Most  of  the  trouble 
and,  breaks  in  shell  took  place  in  the  cooled  zone.  We 
had  more  or  less  metallic  zinc  around  the  bosh  plates 
most  of  the  time. 

\\'e  found  it  necessary  to  put  this  furnace  out  for  re- 
newal of  stack,  riid  not  get  a  chance  to  blow  this  fur- 
nace down  more  than  35  feet,  as  the  furnace  shook  so 
badly  as  to  make  it  unsafe.  On  taking  this  lining  out  we' 
found  the  most  complete  disintegration  we  had  ever  seen. 
It  was  not  burned  out  in  any  way,  but  had  the  full  thick- 
ness of  the  lining,  in  addition  to  some  scabs  on  the  in- 
side. It  was  not  necessary  to  use  any  picks  or  steel  bars, 
but  the  lining  was  shoveled  out.  The  full  outlines  of 
the  brick  and  joints  were  visible  until  we  got  to  the  water 
cooled  portion,  where  the  zmc  showed  up,  mo.stly  in  the 
metallic  form,  due  to  the  water  cooling. 

On  taking  analy.sis  of  this  lining  we  found  up  to 
49.86  per  cent  Zn  and  up  to  40  per  cent  in  the  scab  and 
scaffold.  In  fact,  lining  and  scab  were  so  rich  in  zinc 
that  it  was  sold  to  a  chemical  company  for  the  recovery 
of  the  zinc.  A  considerable  portion  above  the  water  cooled 
section  was  in  the  form  of  chloride  of  zinc 

On  finding  this  condition  we  put  up  a  1-inch  shell, 
discontinued  the  cooling  above  the  mantle,  also  reduced 
the  cooling  below  the  mantle,  and  cut  out  Blue  Billy 
agglomerates  and  other  zinc  bearing  material.  Put  in  a 
steam  pressed  lining  laid  tight  against  the  shell,  and  fol- 
lowed the  same  practice  on  our  other  furnaces  with  the 
lighter  shells.  Our  results  so  far  have  been  satisfactory, 
until  we  ran  into  zinc  recentl>'.  Feel  we  would  not  have 
run  into  any  difficulties  even  then  if  we  could  have  kept 
furnaces  running.  Banking,  shoveling  out  and  cooling 
largel)'  aggravates  this  condition. 

It  might  be  well  to  give  a  brief  outline  of  the  action 
of  the  zinc  in  the  furnace.  Being  charged  into  the  top 
as  zinc  oxide,  finely  disseminated  through  the  ore,  it 
descends  unchanged  to  the  fusion  zone,  as  the  reduction 
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temperature  is  1,000  deg.  C.  and  over.  The  zinc  oxide 
is  reduced  by  solid  carbon  to  metallic  zinc ;  liberated  as 
vapor,  it  ascends  with  the  gases  to  the  cooler  zones.  The 
zinc  is  re-oxidized  through  the  temperatures  from  1,000 
deg.  to  about  500  deg.  C.  to  the  reaction  Zn  -f  CO2  = 
ZnO  +  CO  and  is  carried  up  by  the  gases  as  zinc  oxide. 
The  larger  portion  passes  out  into  the  stoves,  dust  catcher, 
boilers  or  into  the  atmosphere.  A  portion  redeposits  on 
the  descending  stock  to  repeat  the  before-mentioned  cycle 
of  changes. 

Some  of  the  zinc  vapor  is  absorbed  by  the  lining  up 
to  as  high  as  50  per  cent.  It  usually  shows  up  as  small 
yellow  crystals.  Sometimes  it  is  found  with  carbon  de- 
posits in  the  disintegrated  and  laminated  portions  of  the 
lining.  Some  of  this  zinc  shows  up  in  the  metallic  form. 
It  usually  is  around  the  water  cooled  part  of  the  furnace, 
also  in  the  part  of  the  lining  that  is  not  water  cooled  but 
had  a  chance  to  cool  down  after  banking  or  blow  out. 

In  scabs  that  adhere  to  the  water  cooled  portion  of 
the  furnace,  it  probably  combines  with  the  alumina,  form- 
ing zinc  spinel,  which  is  practicall}-  irreducible,  as  these 
scabs  are  mostly  still  present  and  intact  after  the  furnace 
has  been  blown  out.  It  is  also  generallv  assumed  that 
the  zinc  oxide  combines  with  the  alumina  in  the  fire  brick. 
As  the  coefficient  of  linear  expansion  of  zinc  is  like  60 
to  1,  compared  to  silica,  which  is  the  principal  constituent 
in  fire  brick  and  is  about  3  to  I  compared  to  steel,  it  can 


readily  be  seen  that  it  would  not  take  a  great  deal  of  im- 
pregnation to  destroy  the  bond  of  the  brick  and  exert 
great  expansive  stresses.  The  hand  made  brick,  on  ac- 
count of  its  greater  porosity,  has  a  tendency  to  take  up 
more  of  this  clement  than  the  steam  pressed. 

Most  of  the  Blue  Billy  agglomerates  carry  zinc,  which 
can  easily  be  guarded  against,  but  as  some  limestones 
carry  traces  of  zinc,  also  some  of  the  Lake  Superior  ores, 
it  makes  it  rather  hard  to  be  absolutely  sure  there  is  no 
zinc  bearing  material  charged  into  the  blast  furnace.  No 
matter  how  low  the  percentage  of  zinc  is  in  the  raw 
material,  on  account  of  its  being  accumulative,  it  will 
eventually  show  up. 

We  cannot  see  whj-  it  should  in  any  way  be  detri- 
mental to  lay  a  lining  against  the  shell  without  packing 
space,  and  particularly  so  with  steam  pressed  brick  which 
is  a  good  conductor  of  heat  and  warms  up  the  shell  to  a 
point  where  it  can  expand  with  the  brick  work,  as  most 
blast  furnace  lining  brick  should  be  somewhere  near  neu- 
tral and  not  subject  to  a  great  deal  of  expansion  under 
heat. 

We  feel  by  using  a  heavy  shell  (if  necessary  above  1 
inch  thick)  and  cutting  out  the  water  cooling  above  the 
mantle  will  cut  down  the  trouble  to  a  minimum.  It 
might  also  be  well  for  the  fire  brick  makers  to  make  ex- 
perimental tests  to  find  the  resistance  of  the  various 
makes  of  brick  to  zinc  ftimes. 


Otis  Steel  Company  Completes  the  Erection 
of  a  Modern  Sheet  Mill  Department 

Features  of  the  New  Department  Which  Is  Located  at  the  Com- 
pany's Riverside  Works  Are  Extra  Heavy  Mills,  Powdered  Coal 
Fuel,  Continuous  Pair  Furnaces  and  Electric  Drive. 

By  DONALD  N.  WATKINS. 


THE  Otis  Steel  Company  of  Cleveland  Ohio,  have 
added  to  their  present  equipment  by  the  erection  of 
a  most  modern  and  up-to-date  sheet  mill  depart- 
ment. The  new  mill  is  equipped  with  all  modern  im- 
provements. This  department  is  located  at  the  River- 
side plant  in  the  center  of  Cleveland.  The  more  im- 
portant installations  in  the  new  plant  include  extra  heavy 
mills,  electric  drives,  po\\dered  coal  fuel,  continuous  pair 
furnaces,  electric  furnace  chargers,  Baird  water  cooled 
floors  and  other  essential  equipment. 

The  hot  mills  are  housed  in  a  steel  building  456  ft. 
long  and  90  ft.  wide.  Running  parallel  and  connected 
to  this  building  is  a  bar  storage  building  456  ft.  long  and 
75  ft.  wide.  The  lean-to  over  the  furnace  is  456  ft.  long 
and  26  ft.  wide,  while  the  shear  building  is  456  ft.  long 
and  40  ft.  wide.  Continuous  to  the  main  mill  building  is 
the  annealing  building,  500  ft.  long  and  80  ft.  wide,  with  a 
lean-to  340  ft.  long  and  31  ft.  wide.  The  pickler  build- 
ing is  140  ft.  long  and  50  ft.  wide,  while  the  warehouse 
is  380  ft.  long  and  75  ft.  wide  and  has  a  lean-to  over  the 
shipping  tracks  380  ft.  long  and  16  ft.  wide.  The  build- 
ings are  of  steel  construction  and  are  fitted  throughout 
with  Lupton  steel  sash.  Kiefer  Sheeting  »v-  Painting- 
Company  of  Pittsburgh  put  on  the  sheeting  and  painted 


the  building.  Wood  block  floors  are  installed  in  the 
pickling  and  warehouse  buildings,  while  the  other  floors 
throughout  are  of  brick. 

Special  attention  has  been  given  to  ventilation  and 
good  lighting.  The  main  mill  buildings  are  constructed 
so  as  to  give  the  best  natural  lighting. 

The  sheet  mills  were  built  by  Mackintosh-Hemphill 
Company,  Pittsburgh,  Pa.,  and  consist  of  eight  mills  hav- 
ing rolls  30  in.  in  diameter,  and  comprising  one  finishing 
stand  and  one  roughing  stand  jier  mill,  thus  making  a 
total  of  16  stands  in  the  layout. 

There  are  six  jump  roughing  stands  with  rolls  30x48 
in.  and  six  finishing  stands  with  rolls  30x44  in.  There 
are  also  two  balanced  roughing  stands  with  rolls  30x54 
in.,  and  two  finishing  stands  with  rolls  30x54  in. 

The  mills  are  driven  bv  two  separate  motor  drives, 
through  suitable  gear  reductions,  and  are  so  arranged 
that  two  mills  are  driven  on  each  side  of  each  motor 
drive.  The  mills  are  of  heavy  rugged  design,  the  hous- 
ings being  made  of  cast  iron. 

Four  drag  units  are  provided  at  the  end  of  each 
group  of  two  mills  and  are  of  the  standard  Mackintosh- 
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Hemphill  spring  type.  The  balanced  roughing  stands  have 
motor  driven  screw  downs  and  the  top  rolls  are  bal- 
anced by  counterweights,  underneath  the  shoes. 

One  feature  with  regard  to  the  arrangement  of  the 
counterweights  is  of  interest  in  that  the  weights  are  not 
held  between  the  shoes  and  parallel  with  them  but  ex- 
tend to  the  side  of  the  mill  at  right  angles  to  the  shoes, 
which  makes  it  possible  to  attach  a  crane  to  the  counter- 
weights and  block  same  up  by  simply  removing  a  floor 
plate.  A  pinion  stand  of  standard  design  is  provided  be- 
tween the  two  roughing  stands  for  driving  the  top  rolls 
of  the  same. 

The  hot  mills  arc  dr'ven  through  a  Falk  cear  drive 
with  about  8  to  1  reduction  and  the  mills  are  arranged 
half  on  each  side  of  the  drive  which  consists  of  a  1,000- 
hp.  Allis-Chalmers  motor  of  2.200  volts,  three  phase, 
25  cycle,  250  rpm. 

The  electric  power  is  furnished  from  the  company's 
own  power  house. 

The  drive  is  of  the  usual  F'alk  construction,  consist- 
ing of  single  reduction  gears. 

The  hot  mill  furnaces  were  all  designed  and  erected, 
complete,  by  the  George  J.  Hagan  Company,  Pittsburgh, 
Pa.  Fig.  3  gives  a  front  view  of  the  sheet  furnaces. 
Each  sheet  furnace  is  of  the  double  compartment  type, 
with  center  partition  wall,  and  are  known  as  the  solid 
hearth  tvpe.     The  interior  area  of  these  furnaces  is  such 


as  to  give  the  highest  working  efficiency  without  any 
danger  of  burning  the  edges  of  packs  when  the  sheets 
are  in  the  furnace  on  edge      The  furnaces  are  specially 
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Fig.  1 — General  view  of  sheet  mill  buildings — Southeast 
elevation. 


designed  with  large  flue  areas  so  as  to  take  care  of  any 
excess  dust  or  accumulation  that  m.ay  be  caused  by  the 
use  of  powdered  coal  as  fuel.     All  flues  are  made  easily 


Fig.  2 — General  interior  view  of  sheet  mill  building  showing  mill  train. 
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accessible  and  very  simple  arrangements  made  for  clean- 
ing same.  The  furnaces  are  all  heavily  incased  with 
steel  plates  and  castings.    There  is  no  brickwork  exposed 


Fig.  3 — General  view  of  sheet  and  pair  furnaces,  mill  side — 
in  mill  buUding. 

The   sheet    furnaces  are   located   approxiniately   27    feet 
from  the  face  of  doors  to  the  center  of  hot  mill. 

Fig.  4  gives  a  rear  view  of  t!ie  liagan-Allis  patented 
continuous  pair  furnaces.  This  photograph  shows  the 
verv  simple  electric  charging  machine  which  is  under 
the  control  of  the  heater  at  all  times.  The  pair  furnaces 
are  built  double,  that  is,  with  one  connuon  binding  be- 
tween each  furnace  and  each  furnace  is  entirely  inde- 
pendent of  the  one  adjacent.  Independent  combustion 
chambers  are  used  and  independent  stacks  are  usel.  An 
electric  crane  travels  the  full  length  of  the  building  from 
the  rear  of  these  furnaces,  thus  eliminating  all  over- 
head  travel   on    standing,   which   is   customary   in   other 
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Fig.  4 — General  view  of  sheet  and  pair  furnaces,  charging 
side — in  bar  storage  building. 

mills.  The  cut  bars  are  all  handled  by  the  crane  at  the 
rear  of  these  furnaces  and  stacked  adjacent  to  the 
charging  machine.     When  charging  these   furnaces,  the 


operators  are  not  exposed  to  any  direct  radiant  heat  as 
the  doors  are  never  opened  until  after  the  charging  ma- 
chine has  been  stacked  with  bars.  When  the  cold  heat 
is  ready  to  be  charged,  the  rear  door  is  opened  and  the 
push  button  control  of  the  charger  automatically  charges 
the  new  heat  into  the  furnace  and  advances  the  next  heat 
forward  to  the  front  of  the  furnace  ready  for  rolling. 
Hy  this  particular  type  of  furnace  there  is  no  extra  han- 
dling of  the  bars  such  as  is  customary  by  piling  in  the  old 
type  furnaces.  Each  and  every  bar  is  advanced  through 
the  same  heat  zones,  automatically  heating  the  bars  abso- 
lutely uniform  and  without  scaling.  This  furnace  was 
adopted  for  its -superior  qualities  of  heating  and  from 
the  fact  that  tonnages  can  be  maintained  in  the  hot  sum- 
mer months  the  same  as  in  winter  months,  due  to  the 
elimination  of  manual  effort  as  the  heater  siiriply  draws 
the  bars  from  the  furnace  to  the  standing  of  hot  mill. 
The  pair  furnaces  are  located  within  a  few  feet  of  the 
front  line  of  the  sheet  furnaces  and  the  drag  of  bars 
from  furnace  to  hot  mill  is  short,  thus  giving  a  superior 
working  condition  over  those  found  in  other  plants  as  a 
rule.     These  pair   fiu"naces  are  of  the  solid  hearth  con- 


Fig.  5 — View  of  annealing  ovens  in  new  sheet  mill. 

struction.  having  no  return  flues  or  circulation  below 
hearth,  thus  assuring  no  loss  of  heat  transmission,  which 
is  customary  in  the  old  type  furnaces.  The  metallic 
hearths  which  are  used  in  these  furnaces  are  made  by 
the  Hagan  Foundry  Corporation,  Orrville.  Ohio,  of  spe- 
cial refractory  or  heat  resisting  iron.  There  are  three 
double  pair  furnaces,  designed  for  12x50  in.  maximum 
bars,  thus  allowing  one  pair  furnace  and  one  double  sheet 
furnace  for  each  mill.  Six  of  the  sheet  furnaces  have 
door  clearance  of  56  in.  and  two  have  door  clearance  of 
62  in.,  \Vhich  makes  it  possible  to  heat  the  nraxinuim 
widths  of  sheets  in  these  furnaces. 

All  furnaces  are  designed  for  maximum  commercial 
tonnages  that  it  is  possible  to  turn  out  in  sheet  mill 
practice. 

Fig.  5  gives  a  front  view  of  the  box  annealing  fur- 
naces. These  furnaces  were  all  designed  and  constructed 
complete  by  the  George  J.  Hagan  Company.  Pittsburgh. 
Pa.  There  are  six  double  compartment,  double  length, 
annealing  furnaces,  giving  ample  spares  and  ample  capa- 
city for  this  plant.  These  furnaces  are  known  as  t^e 
heavy  duty  type  furnaces.  They  are  entirely  bound  with 
steel  and  castings,  and  are  designed  with  extra  heavy 
walls,  which  assures  very  low  furnace  loss.  Each  com- 
partment of  these  furnaces  is  entirely  independent  of  the 
compartment  adjacent.  The  combustion  chamber  is  in- 
dependent and  the  control  draft  is  independent.     Thus, 
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one  side  of  the  furnace  can  be  operating  while  the  other 
side  is  idle.  The  balls  and  tracks  of  the  annealing  fur- 
naces are  made  of  Hagan  refractory  iron,  furnished  by 
the  Hagan  Foundry  Corporation,  Orrville,  Ohio. 

One  of  the  most  mteresting  features  of  this  mill  is 
the  pulverized  coal  installation,  which  was  supplied  by  the 
Quigley  Furnace  Specialties  Company  and  provides  pow- 
dered coal  for  sheet  and  pair  and  annealing  furnaces. 

The  pulverizing  plant  is  located  about  100  ft.  from 
the  main  buildings  and  at  the  extreme  end  of  the  an- 
nealing department  building,  which  is  located  adjacent 
to  and  in  line  with  the  hot  mill  building.  The  pulveriz- 
ing plant  compri.-^es  a  plate  steel  track  hopper  with  re- 
ciprocating feeder  attached  to  the  discharge  opening.  The 
coal  is  delivered  in  hopper  bottom  cars  to  the  track  hop- 
per, and  after  passing  through  a  single  roll  coal  crusher, 
is  elevated  by  means  of  a  chain  and  bucket  elevator  and 
delivered  to  a  belt  conveyor,  equipped  with  magnetic  sepa- 
rator pulley  for  the  removal  of  any  tramp  iron.  The 
coal  is  discharged  into  a  50-ton  plate  steel  crushed  coal 
bin,  which  is  supported  by  structural  steel  framework 
above  the  firing  end  of  the  dryer.  A  regulating  gate  and 
worm  feed  screw  control  the  feed  of  coal  into  a  Rug- 
gles-Coles  dryer,  having  a  capacity  of  5  tons  per  hour. 
The  coal  on  leaving  the  dryer  is  raised  by  a  chain  and 
bucket  elevator  and  discharged  into  a  3-ton  dried  coal 
bin  of  plate  steel.  It  is  fed  from  this  bin  to  a  5-roller 
low  side  Raymond  mill,  which  pulverizes  the  coal  and 
after  finishing  .same  removes  the  finished  product  by  air 
suction,  and  deposits  it  into  the  powdered  coal  hopper 
of  the  compressed  air  transport  unit.  The  hopper  is  sup- 
ported by  structural  steel  framework  directly  above  a 
blow  tank,  which  consists  of  a  steel  shell  with  suitable 
coal  inlet  valve,  weighing  scale,  and  compressed  air  con- 
trolled valves  for  admitting  compressed  air  into  the  tank. 
A  shut-olT  valve  in  the  4-in.  transport  line  permits  the 


Fig.  6 — View  over  top  of  annealing  furnaces.  In  the  right- 
hand  foreground  will  be  seen  a  powdered  coal  hopper, 
cyclone  collector  and  transport  line,  together  with  the  vent 
pipes  to  the  outside  of  the  building.  The  primary  and 
secondary  blast  lines  are  clearly  shown. 

building  up  of  pressure  in  the  blowing  tank  to  the  neces- 
sary pressure  for  delivering  the  coal  to  any  point  de- 
sired in  the  mill.  A  single  stage  air  compressor,  motor 
driven,  with  suitable  air  receiver,  etc.,  is  included  in  the 
equipment  to  supply  the  compressed  air  for  the  trans- 
porting of  the  coal.  The  4-in.  transport  line  on  leaving 
the  milling  plant  crosses  over,  as  is  shown  by  the  photo- 


graph, to  the  annealing  department  Three  powdered 
coal  hoppers  retain  the  necessary  powdered  coal  to  sup- 
ply the  furnaces.  To  the  bottom  of  these  hoppers  are 
attached  four  powdered  coal  feeders,  all  driven  in  mul- 
tiple by  one  motor.  Each  annealing  furnace  has  but  one 
burner  for  each  chamber,  and  the  coal  is  fed  by  an  indi- 
vidual feeder  through  a  small  wrought  pipe  at  about  6-oz. 


Fig.  7 — Rear  view  of  sheet  mill  furnace  showing  burner,  coal 
and  air  pipes  from  feeders  to  burners,  controllers  attached 
to  bottom  of  powdered  coal  hopper  and  etc. 

air  pressure,  which  delivers  it  to  the  combustion  chamber 
of  the  furnace,  through  the  center  of  the  burner.  The 
remainder  of  the  air  required  for  combustion  is  supplied 
by  low  pressure  fans  at  about  ly^-oz.  pressure.  The 
feeders  are  so  arranged  that  all  can  be  driven  simul- 
taneously or  any  one  or  more  stopped.  This  is  done  by 
suitable  clutch  control  mechanism.  .Switching  valves  of 
special  design  for  the  service  are  inserted  in  the  4-in. 
transport  line,  and  divert  the  coal  as  required  fon  the 
various  powdered  coal  hoppers  in  this  department  as  well 
as  in  the  hot  mills.  A  small  Cyclone  collector  is  pro- 
vided on  each  bin  for  the  venting  of  the  small  amount  of 
compressed  air  used  in  the  transport  of  coal.  This  abso- 
lutel  yeliminates  the  possibility  of  pressure  being  applied 
to  the  bins. 

Upon  leaving  the  annealing  department,  the  coal 
transport  line  passes  into  the  hot  mill  building,  where 
it  is  supported  from  the  crane  girders. 

A  feature  of  this  installation  is  the  fact  that  through- 
out the  annealing  department  and  hot  mill  all  equipment 
is  operated  from  the  mill  floor. 

The  salient  feature  of  the  entire  installation  is  its 
cleanliness.  The  milling  plant  is  entirely  free  from 
powdered  coal  in  suspension,  and  the  same  is  true  of  the 
mill  buildings.  The  building  for  housing  the  coal  pulver- 
izing equipment  is  of  structural  steel  with  corrugated  iron 
siding  and  roofing,  liberally  supplied  with  windows  and 
ventilation ;  the  floor  of  this  building  is  of  concrete. 

The  hot  mill  standings  on  the  furnace  side  of  the  mill 
are  of  the  Baird  water  cooler  type.  These  were  fur- 
nished by  the  Xational  Roll  &  Foundry  Company. 

There  are  five  stands  of  cold  rolls  located  in  the  an- 
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nealing  building.  These  have  28-in.  rolls.  Two  of  the 
cold  rolls  and  their  drive,  which  were  transferred  from 
another  section  of  the  plant,  were  supplied  by  the  Fawcus 
Machine  Company,  Pittsburgh.  Three  others,  made  by 
the  Otis  Company,  make  up  the  train.  These  are  driven 
by  a  200-hp.  motor. 

There  are  four  15()-in.  squarinij  shears  located  back 
of  the  finishing  mills  in  the  hot  mill  building.  These 
shears,  which  are  driven  by  15-hp.  motors,  were  supplied 
by  the  Erie  Foundry  Company  of  Erie.  Located  also  in 
this  building  is  a  hydraulic  snap  bailer  supplied  by  the 
Galland-Henning  Manufacturing  Company,  Milwaukee. 

The  pickling  department  is  equipped  with  two  Mesta 
four  arm  steam  operated  automatic  pickling  machines. 
The  Otis  Company  have  designed  and  installed  a  special 
coke  fired  drying  machine  for  drying  high  finished  sheets 
after  pickling.  The  operation  of  this  machine  is  to  pass 
the  sheets  between  rubber  rolls  onto  a  motor  operated 
conveyor  that  carries  them  on  through  the  drying  cham- 
ber, which  is  about  18  ft.  long. 

As  stated  before,  the  warehouse  department  is  located 
in  a  large,  well  lighted  building  380  ft.  long  and  75  ft. 
wide.  Special  equipment  installed  in  this  department  con- 
sists of  two  Erie  Foundry  Company  156-in.  squaring 
shears,  two  Walker  &  Elliot  and  a  Hillis  &  Jones  roller 
leveler,  one  Otis  Company  oiling  machine,  a  Streine  cor- 


rugating machine,  a  Globe  Foundry  &  Machine  Company 
patent  leveling  and  stretching  machine,  a  painting  ma- 
chine, one  Standard  and  one  Fairbanks  bundling  scale 
and  a  Fairbanks  beam  registering  scale.  Sheets  are 
hauled  to  the  warehouse  on  roller  bearing  trucks  built  by 
the  Ohio  Galvanizing  &  Equipment  Company  by  Lake- 
wood  Flngineering  tractors. 

The  crane  equipment  installed  in  the  new  plant  con- 
sists of  five  Cleveland  cranes  ranging  in  size  from  10-ton 
to  40-ton  and  one  Alliance  40-ton  crane.  All  the  electric 
motors  used  in  the  plant  outside  of  the  two  mill  motors 
were  furnished  by  the  General  Electric  Company. 

Throughout  the  entire  designing  and  constructing  of 
the  jilant.  the  safety  and  welfare  of  the  workmen  were 
provided  for.  AW  machinerv  was  properly  safeguarded 
when  erected.  Shower  baths,  lavatories,  lockers  and 
other  modern  conveniences  will  be  provided  for  in  a 
separate  building  that  is  to  be  constructed. 

The  construction  of  the  plant,  with  the  exception  of 
the  erection  of  the  buildings  and  furnaces,  was  done  by 
the  Otis  Company  under  the  supervision  of  its  mechatii- 
cal  and  construction  departments.  The  buildings  were 
designed  by  the  American  Bridge  Company  in  connec- 
tion with  the  engineers  of  the  Otis  Company  and  were 
erected  by  the  bridge  company. 


Developments  in  By-Product  Coking 

Prevention  of  Lime  Deposits  in  Ammonia  Stills — A  New  Plant 
Described  Which  Overcomes  Many  Difficulties  Formerly  Encoun- 
tered, and  in  Addition  Affords  Excellent  Heat  Economy. 

By  A.  THAU 

PART   I 


THE  ammonia  liquor  recovered  on  by-product  plants 
holds  the  ammonia,  outside  of  comparatively  small 
amounts  of  free  ammonia,  in  the  form  of  salts  in 
solution  which,  according  to  their  inclination  to  decom- 
pose and  liberate  the  ammonia,  can  be  classed  in  three 
groups :  First,  salts  which  break  up  at  normal  tempera- 
ture; second,  salts  which  are  decomposed  by  the  influ- 
ence of  heat,  and  third,  salts  resisting  high  temperatures 
and  decomposing  only  by  chemical  reactions  under  the 
influence  of  alkalies  added.  Corresponding  with  this  be- 
havior of  the  ammonia  compounds  in  the  liquor,  the  stills 
consist  of  three  different  parts,  viz.,  one  in  which  the  free 
ammonia  and  the  salts  mentioned  under  1  and  2  are  sub- 
jected to  high  temperature,  and  the  ammonia  together 
with  the  acids  liberated  are  at  the  same  time  expelled. 
The  acids  volatilized  consist  principally  of  carbon  diox- 
ide, sulphuretted  hydrogen  and  hydrocyanic  acid. 

The  liquor  freed  from  the  easily  volatilized  ammonia 
compounds  retains  only  those  salts  in  solution  which  are 
mentioned  as  the  third  group  to  decompose  under  the  in- 
fluence of  alkalies.  The  liquor  runs  from  the  upper  part 
of  the  still  into  a  chamber  in  which  it  is  mixed  with  milk 
of  lime  and  overflowing  from  this  chamber,  the  liquor 
holds  only  free  anmionia  in  solution  which  is  driven  ofT 
by  the  heat  in  the  third  part  of  the  still.  Very  few 
American  plants  and  none  in  Europe  apply  soda  lye  in- 


stead of  lime,  as  the  former,  though  much  cleaner  in 
operation,  is  generally  too  expensive  for  the  purpose. 

The  operating  of  an  ammonia  still  is  under  certain 
circumstances  an  expensive  and  uncertain  operation  be- 
cause of  the  fact  that  by  lime  deposits  and  obstructing 
an  inner  passage  for  the  liquor,  the  whole  still  may  be 
suddenly  thrown  out  of  work.  The  reasons  for  the  de- 
positing of  solid  lime  inside  the  still  are  two  fold  and 
must  be  attributed  to  either  a  mechanical  cause  or  a 
chemical  action,  generally  to  both. 

The  treatment  of  the  lime  before  being  introduced 
into  the  lime  chamber  of  the  still  varies  in  most  plants. 
In  the  majority  of  cases  the  lime  is  slaked  iinmediately 
with  a  great  excess  of  water  after  its  arrival,  agitated 
with  a  scraper  and  passed  through  fine  meshed  screens 
into  a  large  square  pit  in  which  the  lime  settles  while 
the  water  drains  gradually  through  the  brickwork,  so 
that  the  slaked  lime  remains  in  form  of  a  thick  paste 
which  can  be  handled  by  a  spade.  In  this  condition  it  is 
according  to  requirements  transferred  to  the  stirrer  tank 
of  the  lime  feed  punip  and  by  means  of  a  hose  pipe 
quenched  through  a  screen  on  top. 

On  other  plants,  particularly  in  England,  the  lime  is 
not  slaked  in  bulk,  but  stored  in  the  same  condition  in 
which  it  arrives.  A  certain  required  amount  is  placed 
in  a  box  screen  which  is  partly  submerged  in  the  water 
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ot  the  stirrer  tank  of  the  lime  teed  pump.  The  lime  is  so 
slaked  and  transformed  into  milk  of  hnie  without  a 
preliminary  treatment.  Though  these  latter  means  of 
preparing  the  milk  of  lime  may  appear  simpler  and 
cheaper,  it  does  not  pay  in  the  long  run  since  calcined 
lime  cannot  for  this  purpose  be  stored  any  length  of  time 
in  the  open  owing  to  its  hygroscopic  nature  and  because 
it  deteriorates  rapidly,  losing  much  of  its  active  proper- 
ties. Such  deteriorated  lime  will  not  dissolve  to  very 
fine  particles  and  while  the  condition  of  the  ni'lk  of  lime 
should  as  near  as  possible  approach  that  of  a  colloidal 
solution,  the  rough  particles  of  the  deteriorated  lime  have 
a  tendency  to  settle  out  and  deposit  as  soon  as  the  velocity 
of  the  liquid  increases.  It  does  pay  to  take  some  pains  in 
the  preparation  of  the  milk  of  lime  in  order  to  avoid 
trouble  in  the  still,  where  poor  lime  causes  obstructions. 
The  lime  chamber  of  the  still,  in  which  milk  of  lime 


soluble  in  water  and  very  difficult  to  remove  from  the 
still,  particularly  if  other  mechanical  impurities  such  as 
solid  lime  particles  and  pitch  form  a  mi.xture  with  them. 
Though  tar  and  lime  have  no  inclination  to  enter  into 
mechanical  combination,  the  light  oils  of  the  tar  are 
evaporated  in  the  still  and  a  soft  pitch  remains  which, 
covering  the  bottoms  of  the  still  sections  and  taking  a 
coat  of  solid  lime  on  top,  forms  an  etTective  isolating 
medium  preventing  the  heat  from  penetrating  the  iron 
plate  of  the  bottoms. 

To  prevent  the  lime  from  depositing  inside  the  stills, 
a  number  of  precautions  should  be  carefully  observed. 
The  liquor  should  be  free  from  mechanical  impurities, 
particularly  from  tar.  The  feed  and  the  steam  admitted 
should  be  in  such  proportion  that  the  free  acids  are  com- 
pletely driven  oft'  in  the  top  sections  and  do  not  enter  the 
lime  chamber  to  form  unsoluble  compounds.     The  milk 
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and  ammonia  liquor  are  mixed  and  brought  in  intiniate 
contact  with  each  other,  is  generally  of  great  capacity 
and  though  steam  is  blown  into  it  through  a  rose  or  per- 
forated coil  from  the  bottom,  an  even  agitation  over  its 
whole  area  cannot  be  produced  and  some  solid  lime  is 
sure  to  settle  out  on  the  sides  and  the  bottom,  particu- 
larly during  the  time  the  still  is  not  operated.  It  is  dif- 
ficult to  maintain  the  milk  of  lime  at  an  even  density 
and  feed  in  exact  requirements  to  the  voliune  of  the 
liquor.  To  be  on  the  safe  side,  the  stills  are  generally 
worked  so  that  a  small  excess  of  solid  lime  is  noticeable 
in  the  waste  liquor  leaving  the  still.  If  the  density  of 
the  milk  of  lime  is  too  great,  or  the  feed  too  strong,  an 
excess  of  solid  lime  will  settle  out  in  the  third  part  of 
the  still.  This  leads  to  a  reduced  eiTiciency  and  eventu- 
ally to  obstructions,  throwing  the  still  out  of  work 
altogether. 

W'hile  this  explains  the  mechanical  depositing  of  solid 
lime,  chemical  reactions  cause  the  formation  of  unsoluble 
lime  compounds  if  the  already  mentioned  volatile  acids 
are  not  driven  off  with  the  free  ammonia  in  the  first  part 
of  the  still.  With  carbon  dioxide  the  lime  forms  cal- 
cium carbonate,  with  sulphuretted  hydrogen,  calcium 
sulphate  (gypsum)  and  with  hydrocyanic  acid,  calcium 
cyanide,  of   which  compounds  the   former  two  are   not 


of  lime  should  be  free  from  solid  Iiuiips  and  of  proper 
density.  If  too  thick,  solid  particles  will  settle  out  easily; 
if  too  thin  a  great  waste  of  steam  nuist  be  accounted  for 
to  heat  the  correspondingly  greater  amoimts  of  milk  of 
lime  to  the  boiling  point. 

In  the  designs  of  the  stills  efforts  are  made  to  enable 
an  easy  cleaning  of  the  stills  or  to  prevetit  the  depositing 
of  solid  lime  altogether.  A  new  still  has  recently  been 
introduced  in  which  every  tray  can  be  drained  from  time 
to  time  by  means  of  valves  accessible  from  outside  for 
the  purpose  of  cleaning  the  trays. 

Still  more  effective  are  stills  with  revolving  trays  in- 
side. They  are  built  similar  to  the  centrifugal  gas  wash- 
ers, but  rotate  quite  slowly  to  prevent  solid  lime  from 
settling.  There  are  two  sets  of  trays  arranged  alterna- 
tively, one  fixed  to  a  vertical  central  shaft  and  revolving 
with  it,  the  liquor  overflowing  on  the  periphery  of  the 
trays.  The  intermediate  trays  are  fixed  on  their  peri- 
phery to  the  inner  shell  of  the  still  wdiile  the  overflow  of 
each  is  arranged  in  its  center,  allowing  the  shaft  to  pass 
through  it.  A  great  number  of  such  trays  give  in  this 
way  the  down  flowing  liquor  mixed  with  milk  of  lime 
and  the  rising  steam  a  long  pas.sage  in  zigzag  way  and 
counter  current  through  the  still.  To  prevent  solid  lime 
from  depositing  on  the  inner  surfaces  of  the  still,  a  num- 
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ber  of  steel  scrapers  arc  arranged  inside  in  such  a  man- 
ner that  tiie  rotating  trays  are  passing  Ijelween  fixed 
scrapers  while  the  fixed  trays  and  the  inner  shell  of  the 
column  are  kept  clean  by  scrapers  fixed  to  the  central 
shaft  and  rotating  with  it.  The  shell  is  provided  with 
hand  holes  through  which  the  scrapers  can  be  adjusted 
or  exchanged.  A  number  of  such  stills  have  made  their 
appearance  in  ammonia  worUs  of  German  coking  plants 
in  recent  years  and  are  giving  satisfaction  Ijecause  a 
periodical  cleaning  is  not  required  now.  Their  upkeep 
and  power  consumption  are  naturally  somewhat  higher 
than  with  the  ordinary  stationary  still  while  the  units  are 
also  larger  for  a  given  output. 

A  new  plant*  has  recently  been  tried  on  a  small  scale 
eliminating  all  the  aforementioned  difficulties  and  after 
various  alterations,  which  are  embodied  in  the  sketches 
shown,  giving  entire  satisfaction.  Fig.  1  shows  dia- 
grammatically  a  typical  by-product  plant  with  the  new 
arrangement  included.  The  apparatus  of  the  plant  is 
only  taken  into  consideration  as  far  as  the  ammonia  re- 
cover)- is  concerned  and  only  that  apparatus  which  serves 
the  present  arrangement  are  drawn  in  full  lines,  the  other 
parts  shown  in  dotted  lines,  are  only  added  to  make  the 
whole  plant  easier  understood.  Figs.  2  and  3  are  de- 
tail views  of  the  plant. 

The  crude  ammonia  liquor  collected  at  the  by-product 
plant  is  decanted  from  the  tar  and  stored  in  tank  (1). 
From  this  it  is  drawn  by  means  of  the  pump  (2)  and 
forced  into  the  compartment  (3)  of  a  high  level  tank 
resting  upon  a  heat  exchanger  (4).  The  latter  is  shown 
as  an  ordinary  gas  cooler  with  vertical  tubes  which  in 
this  case  must  be  made  entirely  of  cast  iron.  For  this 
reason  it  might  be  more  convenient  to  use  a  cooler  with 
a  great  plurality  of  horizontal  tubes  which  are  shorter  and 
easier  to  handle  in  erecting  and  can  be  made  with  thinner 
walls.  In  a  heat  exchanger  as  shown  in  Fig.  1  the 
liquor  runs  downwards  from  the  compartment  ( 3 ) 
through  the  vertical  tubes  directly  underneath  and  pass- 
ing througii  a  bottom  chamber  travels  upwards  through 
the  tubes  of  the  other  half,  entering  the  compartment  ( 5  ) 
of  the  high  level  tank. 

The  crude  gas  leaving  the  collecting  main  on  top  of 
the  ovens  enters  the  plant  through  a  short  main  (6)  and 
is  conducted  through  the  space  around  the  tubes  in  the 
heat  exchanger  (4)  in  the  opposite  direction  to  the  liquor, 
traveling  through  the  tubes.  The  effect  thus  produced 
results  in  a  partial  cooling  of  the  gas  and  a  heating  of 
the  ammonia  liquor.  To  be  able  to  adjust  the  effect  of 
the  heat  exchanger  (4),  corresponding  to  the  heat  re- 
quirements of  the  liquor,  it  is  provided  with  a  bv-pass 
pipe  (7)  with  valve  (8)  so  that  by  regulating  with  the 
latter,  a  greater  or  smaller  volume  of  raw  gas  can  be 
conducted  through  the  heat  exchanger  (4)  or  diverted 
from  it,  thus  enabling  the  maintenance  of  a  certain  de- 
sired temperature. 

On  its  further  path  through  the  plant,  the  gas  is 
finally  cooled,  indicated  by  the  cooler  (9).  propelled 
through  the  plant  by  the  exhauster  (70)  and  passed 
through  acid  in  the  saturator  (1))  to  recover  its  vapor- 
ous ammonia. 

In  the  heat  exchanger  (4),  the  part  of  the  ammonia 
compounds  which  can  be  split  under  the  influence  of 
higher  temperatures  are  decomposed  by  heat,  and  free 
ammonia  together  with  acids  like  CO.^  and  H.,.S  are  lib- 
erated. This  mixture  of  vapors  collects  in  the  upper 
part  of  the  compartments  (3  and  5)  w^hich  is  not  occu- 
pied by  liquor.     The  vapors  are  drawn  through  the  con- 
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necting  pipe  (12)  into  the  gas  main  (6)  after  the  gas 
coolers. 

The  ammonia  liquor  thus  freed  from  the  easily  vola- 
tilized acids,  as  well  as  from  the  greater  part  of  the  am- 
monia holds,  now  hold  those  compounds  in  solution  which 
must  be  decomposed  by  chemical  reactions  under  the  in- 
fluence of  alkalies.  For  this  purpose  the  liquor  runs 
from  the  compartment  (5)  by  gravity  through  the  pipe 
line   (13)   into  the  decomposing  tank. 

The  latter  consists  of  four  vertical  chambers  (14,  15, 
16  and  17)  which  are  separated  from  each  other  by 
means  of  partition  walls,  being  at  the  same  time  inter- 
connected in  that  the  partition  between  the  chambers 
( 14  and  15)  and  the  one  between  the  chambers  ( 16  and 
17)  does  not  reach  quite  down  to  the  bottom  while  the 
middle  partition  between  the  compartment  (15  and  16) 
is  provided  with  a  gate  valve  (18)  immediately  under 
the  lid  of  the  tank.  Both  halves  of  the  decomposer  are 
tapered  funnel-like  at  the  bottom  and  their  bottom  mouth 
pieces  receive  each  a  sludge  valve  (19).  Above  the 
tapered  bottom  is  arranged  in  the  compartments  (  14  and 
17)  a  grate  (20),  fixed  on  to  a  central  shaft  w'lich  rests 
in  two  external  glands  and  can  be  turned  in  the  latter  so 
that  the  grate  can  be  brought  into  a  vertical  or  horizon- 
tal position. 

The  top  of  the  decomposer  carries  a  lime  hopper 
(21)  which  by  means  of  a  pipe  shoot  with  valve  (22) 
is  connected  to  the  top  of  the  chamber  (14)  and  in  iden- 
tical manner  with  valve  (23)  to  the  chamber  (17).  The 
lime  hopper  (21)  is  shown  separately  in  F"ig.  2  and  opens 
on  top  in  a  funnel  (24)  under  which  a  hopper  valve  (25) 
is  arranged.  Inside  the  lime  bin  (21)  a  hopper  plate 
(26)  is  provided  which  can  be  swung  from  one  side  to 
the  other  by  means  of  a  shaft.  The  respective  position 
of  the  hopper  plate  (26)  depends  upon  whether  the 
chamber  (14)  by  means  of  valve  (22)  or  the  chamber 
(17)  by  means  of  the  valve  (23)  are  to  be  fed  with 
lime. 

The  lime  arrives  in  cars  (27)  which  are  emptied  into 
the  storage  pit  (28).  From  the  latter  the  lime  is  con- 
veyed according  to  requirements  by  means  of  a  skip 
hoist  or  an  elevator  (29)  to  the  top  and  dumped  through 
the  funnel  (24)  and  valve  (25)  into  the  bin  (21).  .\ 
suitable  amount  of  lime  is  drawn  from  the  bin  (21) 
through  the  valve  (22)  into  the  chamber  (14)  wherein 
it  drops  on  to  the  grate  (20),  having  been  ])reviously  .set 
to  horizontal  position. 

The  ammonia  liquor  pipe  line  (13)  between  the  de- 
composer and  the  high  level  tank  ( 5 )  is  connected  to 
each  of  the  four  chambers  (14-17)  by  means  of  a  valve 
(30,  31,  32  and  33  respectively)  as  shown  in  Fig.  3.  If 
the  valve  (30)  of  the  chamber  (14)  be  opened,  the  com- 
poser will  be  filled  completely  by  gravity  with  the  liquor. 
It  travels  through  the  chamber  (14)  downwards,  passes 
through  the  lime  resting  on  the  grid  (20)  and  forming 
in  dissolving  an  alkaline  zone  in  the  compartment,  and 
ascends  again  in  chamber  (17),  the  grate  (20)  of  which 
is  turned  to  vertical  position.  On  this  long  way  of  travel 
the  ammonia  compounds  are  decomposed  bv  passing 
through  an  alkaline  zone  and  any  undissolved  particles 
of  lime  have  settled  down  and  the  clear  liquor  which  now 
holds  only  free  ammonia  in  solution  leaves  the  chamber 
(17)  by  the  pipe  (34)  entering  the  ammonia  still  (35). 
The  ammonia  driven  off  in  the  still  (35)  by  steam  is  con- 
ducted through  the  pipe  line  (36)  connected  to  the  gas 
main  (6)  before  the  saturator  (11)  or  the  vapor  may  be 
conducted  directly  into  the  saturator,  depending  upon 
the  recovery  principle  applied  to  the  by-product  plant  in 
general. 
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The  overflow  pipe  (34)  of  the  decomposer  is  by 
means  of  a  valve  each  connected  with  the  chamber  (14, 
15,  16  and  17  respectively)  to  be  able  to  take,  if  necessary, 
the  liquor  from  either  of  the  four  chambers.  This  ar- 
rangement is  better  shown  in  Fig.  3.  As  in  the  decom- 
posing of  the  ammonia  salts  so  high  a  vapor  tension  is 
created  that  part  of  the  ammonia  is  liberated  as  vapor, 
every  compartment  of  the  decomposer  is  connected  from 
the  lid  by  means  of  a  cock  each  to  the  pipe  line  (37)  and 
the  latter  is  connected  to  the  gas  main  before  the  ex- 
hauster (6)  so  that  any  vapors  developed  are  drawn  of? 
and  mixed  with  the  gas. 

As  the  Hquor  leaving  the  chamber  (14)  around  the 
partition  near  the  bottom  holds  still  a  certain  amount  of 
active  lime  in  solution,  the  vales  (31,  32  and  33}  are  so 
adjusted  that  also  the  chamber  (15,  16  and  17)  receive  a 
small  feed  of  ammonia  liquor  from  the  pipe  line  (13)  in 
order  to  utilize  the  active  lime  without  loss. 

After  a  certain  period  of  working,  so  much  insoluble 
impurities  of  the  lime  will  settle  down  in  the  bottom  of 
the  chamber  (14)  that  the  apparatus  must  be  cleaned. 
To  do  this  without  interrupting  the  working  of  the  still, 
the  wav  of  circulation  through  the  decomposer  is  re- 
versed by  means  of  corresponding  adjustments  of  the 
valves.  The  lime  is  then,  by  opening  the  valve  (23)  and 
reversing  of  the  hopper  plate  (26)  fed  into  the  chamber 
(17),  the  grate  (20)  of  which  has  been  brought  into 
horizontal  position.  While  the  flow  through  the  cham- 
bers (14  and  15)  is  stopped,  the  liquor  runs  from  the 
chamber  (16)  direct  to  the  still 

To  clean  the  chambers  (14  and  15),  all  valves  on 
top  of  these  two  chambers  are  closed  and  the  bottom 
valve  (17)  is  opened  so  that  the  contents  run  out  with 
the  lime  sludge  into  the  collecting  basin  (38)  underneath. 
The  sludge  settles  at  the  bottom  and  is  washed  with  water 
after  the  ammonia  liquor  is  decanted  ofT  through  the 
valves  (39)  into  the  accumulating  tank  of  the  by-product 
plant.  After  the  sludge  has  again  settled,  the  water  is 
decanted  off  the  same  way  and  the  lime  residue  can  be 
shoveled  out  from  the  bottom  of  basin  (38). 

Immediately  after  the  chambers  (14  and  15)  have 
been  cleaned — generally  they  need  only  be  sludged  by 
opening  the  bottom  valves  (19)  for  a  short  time  with- 
out emptying  the  compartments — they  can  be  taken  into 
the  liquor  circuit  again  by  opening  the  valve  (18)  so  that 
the  liquor  travels  then  in  opposite  direction  through  the 
decomposer.  The  grate  (20)  in  the  chamber  (14)  is 
then  set  vertically  and  the  liquor  leaves  by  the  chamber 
(14)  to  enter  the  still  (35).  By  these  means  the  de- 
composer can  be  cleaned  completely  without  interrupting 
the  flow  of  the  licjuor  or  the  operating  of  the  still. 

Depending  upon  the  amount  of  heat  applied  to  the 
liquor  in  the  heat  exchanger  (4),  the  original  volume  of 
ammonia  liquor  may  be  reduced  by  50  per  cent  and  as 
the  remainder  enters  the  still  as  a  clear  and  more  or  less 
preheated  liquid,  the  consumption  of  steam  for  distilling 
is  reduced  considerably,  a  cleaning  of  the  still  is  no  more 
necessary,  the  amount  of  obnoxious  effluent  liquor  is  re- 
duced proportionately  and  a  comparatively  very  small 
single  column  apparatus  serves  as  ammonia  still. 

To  prevent  the  ammonia  liquor  in  case  of  obstruc- 
tions or  erroneously  closed  valves  to  overflow  from  the 
high  level  tanks  (3  and  5)  through  the  pipe  line  (12) 
into  the  gas  main  (6),  the  top  of  the  tank  (5)  is  pro- 
vided with  an  overflow  pipe  (40)  in  the  shape  of  a  sy- 
phon and  connected  to  the  liquor  store  tank  (1). 

On  plants  not  recovering  the  ammonia  by  the  direct 
process  like  on  independent  ammonia  plants  or  on  gas 


works  on  which  the  vapors  from  the  heat  exchanger  and 
decomposer  cannot  be  returned  into  the  gas  main,  they 
are  conducted  into  a  saturator  to  retain  the  ammonia 
while  as  a  heating  medium  for  the  heat  exchanger  the 
foul  vapors  from  the  saturators  can  be  utilized  and 
condensed  so  that  only  the  small  uncondensible  volume 
need  be  absorbed  in  purifiers. 

The  advantages  offered  by  this  plant  are  too  obvious 
to  call  for  further  comment,  attention  may  only  be  called 
to  the  excellent  heat  economy  by  utilizing'sources  of  heat 
which  are  otherwise  wasted  and  even  employing  the  heat 
created  by  the  reaction  between  the  lime  and  ammonia 
compounds,  while  no  matter  is  added  to  the  process  for 
slaking  and  diluting  the  lime,  saving  a  corresponding  ex- 
penditure of  steam. 


ENGINEERS  SOCIETY  OF  WESTERN  PENN- 
SYLVANIA HOLD  BANQUET. 

The  forty-third  annual  banquet  of  the  Engineers 
Society  of  Western  Pennsylvania  was  held  at  the 
William  Penn  Hotel  the  evening  of  January  23rd  and 
was  attended  by  approximately  600  members.  G.  S. 
Davidson,  President  of  the  Gulf  Refining  Company 
acted  in  the  capacity  of  toast  master,  while  Henry  D. 
James,  President  of  the  Engineers  Society  presided. 
The  speakers  of  the  evening  included  Governor  H.  J. 
Allen  of  Kansas,  E.  A.  S.  Ctark,  President  of  the  Con- 
solidated Steel  Corporation,  New  York,  and  E.  J.  Cat- 
tell,  statistician  of  Philadelphia. 

In  discussing  the  "Responsibility  of  the  State  for 
Industrial  Relations."  Governor  Allen  described  the 
Kansas  industrial  relations  court  and  stated  that  in  the 
two  years  of  its  life,  38  out  of  40  cases  brought  before 
it,  have  been  settled  amicably  and  acceptable  to  both 
capital  and  labor.  He  said  he  is  not  opposed  to  labor 
unions  and  pointed  out  that  75  per  cent  of  the  court's 
decisions  were  in  favor  of  labor  notwithstanding  the 
fact  that  all  opposition  against  it  had  originated  with 
labor  leaders.  150.000  of  whom  draw  annually  approxi- 
mately $60,000,000  from  the  pockets  of  American  work- 
men. Stating  that  progress  of  humanity  has  been  due 
to  betterments  of  labor  and  labor  conditions.  Governor 
Allen  said  : 

"No  peace  can  exist  between  employes  and  em- 
ployers until  an  honest  day's  work  brings  an  honest 
day's  pay  and  an  honest  day's  pay  brings  an  honest 
day's  work.  This  cannot  'be  brought  about  so  long  as 
labor  secretaries  of  war,  its  so-called  leaders,  are  the 
controlling  factors.  The  state  has  the  right  to  protect 
the  public  against  strikes  and  the  Kansas  law  has  been 
written  upon  the  old  principle  that  the  safety  of  the 
public  should  be  the  supreme  law.  The  Kansas  indus- 
trial court  does  not  take  away  the  man's  rights  to  quit 
work ;  but  it  holds  that  the  right  to  work  is  as  sacred 
as  the  right  to  loaf  and  that  no  combination  of  capital 
or  of  labor  should  be  allowed  to  bring  economic  pres- 
sure to  bear  in  an  essential  industry  relating  to  food, 
fuel,  clothing  and  transportation." 

E.  A.  S.  Clarke,  president  of  the  Consolidated  Steel 
Corp.,  New  York,  read  a  paper  upon  "Foreign  Trade." 
He  stated  that  the  whole  world  is  one  great  market 
awaiting  development  and  while  at  the  present  time 
there  does  not  seem  to  be  enough  business  from  do- 
mestic sources  to  keep  mills  and  men  active,  methods, 
financial  and  otherwise  will  be  found  to  revive  export 
trade  so  as  to  make  it  pay  real  dividends. 

E.  J.  Cattell,  statistician  of  Philadelphia,  entertained 
with  humorous  anecdotes. 
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Fig.  1 — Lower  portion  of  the  plant. 


Apollo  Steel  Company  Enlarge  Plant  by 
the  Addition  of  a  New  Sheet  Mill  Unit 

Two  Jobbing  Mills  and  Four  Additional  Sheet  Mills  Were  Added 
to  the  Original  Plant — Modern  Improvements  in  Sheet  Mill  Con- 
struction Feature  the  New  Additions. 


THE  Ap^ollo  Steel  Company,  located  at  Apollo,  Pa., 
on  the  right  bank  of  the  Kiskiminetas  river,  have 
just  completed  an  extension  to  their  plant  which  will 
enable  them  to  manufacture  sheets  in  all  gauges  from 
10  to  30,  and  widths  up  to  60  inches,  and  will  contain 
also  black  plate  mills  for  the  manufacture  of  light  gauges 
for  export. 

General  Layout  of  Plant. 

The  original  works  of  this  company,  which  were 
built  in  1912,  consisted  of  six  28-in.  sheet  mills,  with 
range  in  width  from  24  in.  to  40  in.,  with  cold  rolls,  an- 
nealing furnaces,  and  a  pickling  and  galvanizing  plant. 
In  1918  two  hot  nu'lls  were  added,  making  the  plant  an 
8-mill  unit.  However,  the  trend  of  business  required 
larger  and  heavier  sheets  than  could  be  rolled  on  the  28- 
in.  mills  and  plans  were  made  to  build  two  ?i2-m.  job- 
bing mills  and  four  additional  sheet  mills  on  adjoining 
land. 

The  general  layout  of  the  new  plant  as  furnished  by 
the  United  Engineering  &  Foundry  Company  was  ac- 
cepted. It  was,  however,  modified  considerably  during 
construction.  The  actual  construction  began  in  May, 
1920,  when  all  building  foundations  were  put  in  by  the 
Mill  Company.     The  delivery  and  erection  of  the  build- 


ings was  greatly  delayed  by  strikes  and  they  were  not 
under  roof  until  January  1921.  The  buildings  were 
manufactured  by  the  Blaw-Knox  Company. 

The  general  view  and  layout  of  the  plant  shows  how 
the  prevailing  thought  in  the  construction  of  the  new 
extension  was  to  provide  plenty  of  working  space,  light 
and  ventilation,  so  that  conditions  for  the  workmen 
would  be  as  near  ideal  as  possible. 

Buildings. 

The  furnace  building  has  a  width  of  75  ft.  The  mill 
building  proper  is  covered  by  a  crane  with  a  68-ft.  span. 
The  shears  and  continuous  annealing  furnaces  are  housed 
in  a  38-ft.  wide  building.  These  three  buildings  each 
have  15  bays  at  24  ft.  or  are  ,360  ft.  in  length.  They 
are  provided  with  ventilating  top  hung  steel  sash  in  the 
roof,  the  full  length  of  the  buildings,  and  every  other 
bay  is  arranged  with  lifting  doors  on  the  west,  south  and 
east.  This  gives  the  works  the  full  benefit  of  fresh  air 
currents  coming  from  any  special  direction.  The  three 
bo.x  annealing  furnaces  are  built  in  a  lean-to  152  ft.  long 
and  32  ft.  wide  which  is  alongside  the  annealing  and 
pickling  building.  This  building  runs  north  to  south 
and  has  a  total  length  of  410  ft.  by  72  ft.  wide.  The 
ventilation  of  the  building  has  also  been  taken  care  of 
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Fig.  2 — Upper  portion  of  the  plant. 


by  continuous  sasli  in  the  skylight  and  large  doors  that 
open  on  the  river  side. 

The  warehouse,  which  will  take  care  of  the  products 
of  both  the  old  mill  and  the  extension  is  a  steel  build- 
ing with  brick  curtain  walls  and  has  a  generous  area 
of  windows.  In  this  connection  it  may  also  be  stated 
that  all  the  buildings  have  been  provided  with  an  arti- 
ficial light  system,  by  which  large  incandescent  flood 
lights  make  the  illumination  by  night  as  even  and  bright 
as  by  the  natural  daylight.  The  floors  in  all  the  build- 
ings are  of  brick  except  in  the  warehouse,  where  steel 
plate  runways  are  laid  on  concrete  slabs,  making  truck- 
ing easy.  The  sanitary  conveniences  include  three  com- 
fort stations  built  in  accordance  with  latest  standards. 
The  drinking  water  cooling  system  is  installed  with  dis- 
tribution pipes  encircling  the  whole  plant. 

Furnaces. 

The  furnace  equipment,  which  was  furnished  by  the 
Hagen  Company,  consists  of  four  combination  sheet  and 
pair  furnaces;  two  Costello  continuous  blue  annealing 
furnaces  and  three  double  box  annealing  furnaces.  All 
furnaces  except  the  Costello  furnaces  are  designed  for 
coal  firing  with  stokers,  the  drive  for  which  on  the  sheet 
and  pair  furnaces  and  also  the  slab  furnaces  is  under- 
ground in  specially  designed  pits  so  that  easy  access  to 
all  machinery  is  available.  The  Costello  furnaces  are 
gas  fired  and  are  equipped  with  the  Surface  Combustion 
Company's  gas  mixer,  regulator,  and  burners,  it  being 
the  company's  aim  eventually  to  install  gas  in  all 
furnaces. 

Mills. 

The  mills  and  auxiliary  equipment  were  furnished  by 
the  United  Engineering  &  Foundry  Company  and  is  the 
last  word  in  sheet  and  jobbing  mills  design.  The  hous- 
ings are  of  exceptionally  heavy  construction  and  are 
made  of  cast  steel.  On  the  east  side  of  the  drive  are  the 
two  32-in.  jobbing  mills.  These  mills  are  two  high  mills 
32  in.  in  diameter  by  66  in.  length  of  rolls.     The  rough- 


ing mills  are  balanced  and  have  a  motor  driven  screw 
down,  and  are  also  provided  with  catchers  lifting  table. 
The  finishing  mills  have  a  lifting  table  on  the  catchers 
side  and  the  gap  between  these  tables  and  the  Costello 
furnaces  is  bridged  by  a  set  of  casters. 

A  single  stand  of  cold  rolls  acts  as  a  drag  on  the 
end  of  the  drain.  To  facilitate  the  delivery  of  hot  slabs 
from  the  furnaces  to  the  mills  an  overhead  trolley  track 
has  been  installed  as  shown  on  the  photograph  of  the 
mill. 

The  west  end  of  the  train,  consisting  of  two  32  in. 
by  54  in.  finishing  mills  with  common  roughing  stand 
and  a  cold  roll  stand,  is  connected  to  the  drive  through 
a  turned  steel  shaft.  These  mills  are  equipped  with 
not  only  doublers,  but  also  with  doublers  shears  for  mak- 
ing light  gauge  black  sheets.  Two  156-in.  squaring 
shears  will  take  care  of  these  four  mills,  and  a  40-ton 
transfer  car  electrically  operated  will  carry  out  all  of 
the  box  annealing  furnace  building. 

Drive. 

The  mills  are  driven  by  an  1,800-hp.  General  Electric 
Company  motor  running  at  240  rpm.  through  an  8  to  1 
reduction — herringbone  gears.  This  drive  is  almost  a 
copy  of  the  drive  for  the  old  mill,  installed  in  1912  At 
this  time  this  drive  was  the  first  of  its  kind  installed, 
while  now  it  is  almost  universally  used  on  all  sheet 
mills.  The  United  Engineering  &  Foundry  Company 
designed  and  built  these  drives.  A  complete  Plow  ser 
oiling  system  takes  care  of  all  the  bearings  of  the  drive. 

Sheet  Mill  Floors. 

Realizing  that  cool  floors  are  not  only  a  great  help 
to  increased  production,  but  also  a  modern  convenience 
for  the  mill  worker,  and  with  water  cooled  floors  out  of 
the  question  on  account  of  the  water  supply  being  acute, 
inasmuch  as  the  river  is  strongly  acid  and  only  salt  water 
can  be  secured  from  the  wells  sunk  on  the  property,  ex- 
periments were  conducted  with  grate  flooring  in  tront 
of  the  finishing  mills,  and   found  efficient.     Incidentally, 
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Fig.  1 — View  of  Geo.  J.  Hagan  Co.  annealing  furnaces. 

Fig.  3 — Interior  view  of  power  station.    All  electrical  equip- 
ment in  the  plant  was  furnished  by  General  Electric  Co. 

Fig.  S — View  of  the  pickling  department. 


Fig.  2 — View  of  hot  mill  department. 

Fig.  4 — Interior  view  of  the  new  warehouse. 

Fig.  6 — General  Electric  Co.   1,800  hp  motor  which  drives 
the  mills. 
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a  large  saving  in  operating  cost  was  made  as  a  result 
of  obviating  the  use  of  water.  The  grating  is  laid  over 
an  open  air  space  about  18  in.  deep  and  was  demon- 
strated at  the  old  mill  to  be  satisfactory,  as  it  remains 
cool  in  the  hottest  summer  weather  and  is  non-slipping. 

Finishing. 

The  product  from  the  two  jobbing  mills  is  moved 
mechanically  through  the  Costello  blue  annealing  fur- 
naces to  a  set  of  tables,  and  tlien  to  a  Newbold  i oiler 
leveler,  and  then  on  another  set  of  tables  it  is  carried 
to  a  conveyor  designed  by  the  steel  company  and  buiit 
by  the  Chain  Belt  Companv.  This  conveyor,  which  is 
165  ft.  in  length,  takes  the  sheets  to  the  shears,  located 
in  the  upper  end  of  the  old  mill  building.  Here  the 
sheets  are  squared  or  stored  for  shipment. 

The  sheet  mill  product  goes  through  the  annealing 
furnaces  to  the  black  warehouse,  or  to  the  pickling 
tanks,  of  which  four  are  built  in  two  units  driven  by  a 
common  motor.  These  tanks  are  of  the  plunger  type, 
and  the  complete  equipment  was  designed  by  the  com- 
pany. The  tanks  were  built-  by  the  mill  shops,  while 
the  machinery  was  manufactured'  by  the  United  Foundry 
&  Machine  Company,  Canton,  Ohio  The  pit  in  which 
the  tanks  are  placed  is  concrete,  lined  with  bricks,  with 
sulphur  run  in  the  joints.  Provisions  have  been  made 
for  making  possible  the  installation  of  the  copperas 
plant  later  on.  The  original  installation  of  four  gal- 
vanizing pots  has  not  been  enlarged  as  yet,  but  plans 
have  been  made  for  two  additional  pots  and  a  modern 
dryer. 

The  warehouse  has,  as  the  photograph  shows,  a  de- 
pressed track,  so  that  all  loading  and  shipping  is  done 
mdoors.  The  heating  of  this  building  is  by  hot  air,  the 
air  being  moved  from  the  warehouse  through  the  heat- 
ing tubes  of  a  Lee  furnace  and  distributed  in  the  ware- 
liouse  by  a  Sturtevant  fan.  The  B.  F.  Sturtevant  Com- 
pany furnished  the  induced  draft  fan,  the  distribution 
fan  and  the  distribution  pipes. 

The  power  situation  at  this  plant  is  unique,  as  all  the 
current  is  purchased  and  no  boiler  equipment  is  used  ex- 
cept a  small  heater  for  the  pickle.  General  Electric  Com- 
pany furnished  all  the  electric  equipment  used  in  the 
new  additions. 

The  electric  power  is  furnished  by  the  West  Penn 
Power  Company  and  is  stepped  down  from  22,000  to 
2,200  volts  at  the  transformers  under  transmission  tower 
on  the  river  bank.  Both  the  1,400-hp.  motor  for  old  in- 
stallation and  the  1,800-hp.  for  new  mills  use  the  2,200- 
volt  current  set  in  substation  used  for  furnishing  d.c. 
for  screw  down  and  mill  table  motors. 

The  cranes  in  this  extension  are  all  Cleveland  cranes, 
one  15-ton  in  the  furnace  building,  a  30-ton  with  10-ton 
auxiliary  in  annealing,  and  one  15-ton  over  the  pickling 
and  galvanizing  department.  The  warehouse  crane  is  a 
15-ton  crane. 

For  turning  rolls,  a  42-in.  heavy  duty  enclosed  Head- 
stock  type  roll  turning  lathe,  designed  and  built  by 
United  Engineering  &  Foundry  Company,  has  been  pro- 
vided. A  36-in.  Gridgeford  engine  lathe  has  been  in- 
stalled to  take  care  of  the  heavier  work  in  connection 
with  the  larger  mill  units. 

Raw  material  can  be  delivered  to  the  plant  at  either 
end  of  the  mill  building.  Ample  floor  space  in  the  fur- 
nace building  has  been  provided  for  bars  and  slabs. 

The  coal  supply  is  arranged  for  from  a  mine  on  the 
opposite  bank  of  the  Kiskiminetas  river  via  aerial  tram- 
way to  a  75-ton  bin,  under  which  a  Jeffrey  crusher  is 


located,  crushing  the  coal,  then  elevating  it.  This  ele- 
vator has  delivery  on  the  one  side  to  a  screw  conveyor, 
on  the  other  side  the  chute  delivers  the  coal  to  a  railroad 
car.  The  screw  conveyor  takes  the  coal  direct  to  a  bin 
with  a  pit  in  the  front,  so  as  to  load  coal  boxes  for  de- 
livery to  the  furnaces  in  the  new  mill.  The  coal  dumped 
in  the  railroad  car  is  transferred  to  the  coal  bin  (under 
track )  at  llie  old  null,  from  which  it  is  distributed  to  fur- 
naces. It  may  be  added  that  the  only  niaiuial  work  on 
this  side  consists  of  noting  the  weight  of  each  full  bucket 
as  it  comes  on  the  scales.  The  discharge  of  the  buckets 
is  done  automatically,  and  the  drive  rope  is  running  con- 
tinuously. 

The  estimated  oiUput  of  this  extension,  combined  with 
the  original  plant,  gives  the  .\pollo  Steel  Company  a 
capacity  of  approximately  120,000  N.  T.  in  the  one  pass 
cold  rolled  and  galvanized  sheets  up  to  48  in.  wide,  and 
blue  annealed  sheets  up  to  60  in.  wide. 


LIGNITE  AS  A  HIGH  GRADE  FUEL. 

Lignite,  or  "brown  coal,"  which  constitutes  ap- 
])roximately  one-third  of  the  Nation's  coal  resources, 
can  be  converted  by  carbonization  into  a  high  grade 
fuel  adapted  to  a  wide  range  of  purposes  and  limited 
only  by  its  relative  cost,  according  to  a  statement  is- 
sued by  Director  H.  Foster  Bain  of  the  United  States 
Bureau  of  Mines.  It  cannot,  however,  be  classed  as  a 
cheap  fuel  in  the  sense  of  competing  with  a  high  class, 
easily  mined  bituminous  coal. 

A  lignite  carbonizing  plant  has  been  erected  by  the 
University  of  North  Dakota  at  Hebron,  North  Da- 
kota, in  a  held  whose  lignites  are  similar  to  those  found 
in  the  Nenana  field  in  Alaska.  Dr.  E.  J.  Babcock,  dean 
of  the  engineering  department  of  the  university,  has 
been  for  years  directing  experiments  in  carbonizing 
and  briquetting  lignite  and  has  made  notable  progress. 

During  the  past  summer,  the  United  States  Bureau 
of  Mines  has  cooperated  with  the  university  in  the 
operation  of  the  plant,  and  more  than  a  thousand  tons 
of  raw  lignite  have  been  treated  and  more  than  -K)0  tons 
of  lignite  char  briquettes  were  produced,  this  being 
probably  the  largest  amount  of  lignite  char  briquettes 
that  has  ever  been  made  at  one  time. 

By  removing  the  moisture  and  a  considerable  por- 
tion of  the  volatile  matter  from  the  raw  lignite,  a  char 
can  be  obtained  which  possesses  a  heating  value  and 
chemical  analysis  quite  similar  to  anthracite  coal.  In 
this  process,  a  ton  of  raw  lignite  will  yield  forty  per 
cent  of  high  grade  lignite  char.  The  physical  form 
of  this  char  is  such  that  approximately  one-third  of  it 
will  go  through  a  one-eighth  inch  screen,  the  remainder 
up  to  pieces  the  size  of  shelled  corn.  By  the  addition 
of  eight  to  ten  per  cent  of  suitable  binding  material, 
excellent  briquettes  can  be  made,  whose  heating  value 
and  availability  for  general  use  is  little  less  than  that 
of  Pennsylvania  anthracite. 

The  fixed  carbon  in  these  briquettes  may  run  from 
72  to  81  per  cent,  as  compared  with  that  of  35  per  cent 
in  raw  lignite.  This  makes  it  practicable  to  transport 
the  fuel  to  much  greater  distances  than  would  be  prac- 
ticable with  raw  lignite.  The  briquettes  are  pillow- 
shaped,  weighing  about  two  and  a  half  ounces  each. 
When  produced  with  suitable  skill,  the  briquettes  will 
stand  handling,  transportation  and  weather  conditions 
in  storage.  The  product  is  a  stable  one.  thus  removing 
the  greatest  limitation  to  the  usefulness  of  the  original 
lignite. 
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Graphical  Treatment  of  Stack  Gas  Analysis 
and  of  Producer  Gas  Analysis 

Graphical  Representation  of  Producer  Gas  Analysis — Review  of 
Graphic  Charts  as  Introduced  by  W.  Ostwald. 

By  W.  TRINKS 

PART  II 


ON  pages  44  to  57  of  his  book  on  "Graphics  of 
Combustion  Engineering,"  Mr.  Ostwald  takes  up 
the  gasiifi'cation  of  carbon.  Upon  Ostwald's  work 
as  a  foundation,  Claus  &  Neussel  have  built  a  rather 
complete  theory  of  the  gasification  process  (Z.  d.  V. 
D.  I.,  No.  29,  of  1921).  The  following  derivations  fol- 
low the  same  reasoning  as  these  two  publications, 
using,  however,  a  shorter  and  more  direct  method  for 
the  construction  of  the  principal  diagram. 

Gasification  in  the  producer  takes  place  in  three 
stages,  which  are  drying,  distillation  of  volatile  matter, 
and  gasification  of  carbon.  In  consequence,  producer 
gas  contains  water  vapor,  products  of  distillation,  and 
products  of  gasification.  In  the  analysis  of  producer 
gas,  as  it  is  commonly  made,  water  vapor  as  well  as 
all  condensable  tar  vapors  do  not  appear,  but  ethy- 
lene, methane,  CO,  CO„,  H,,  and  N2  are  found. 
Ethylene  and  methane  are  not  products  of  gasification 
of  carbon,  but  of  distillation,  which  means  that  gasi- 
fication of  cartbon  produces  only  CO,  CO,,  and  H,, 
with  No  as  a  diluting  gas.  As  far  as  gasification  is 
concerned,  the  quality  of  the  producer  gas  depends 
solely  upon  the  percentages  of  CO,  CO,,  and  Ho,  or. 


c  -r  coi  -^co-saa 


■    flir  Gas  eeac^io' 


Ct^O  '  /ff.O  •  CO'H-.6 


e  boater  ggj  fffacr/on 

\      ^uc/ro^ffn-CarifOn 
^  JSoocrton 


Fig.  1. 

in  other  words,  in  the  gasification  zone  of  every  pro- 
ducer, coke  is  gasified,  no  matter  what  the  nature  of 
the  original  coal  might  have  been  when  charged.  For 
this  reason,  the  theory  concerns  itself  at  first  only  with 
the  gasification  of  pure  carbon. 

The  process  of  gasification  of  pure  carbon  by  air 
and  steam  cannot  be  expressed  in  a  single  equation, 
but  yet  there  corresponds  to  each  gas  analysis  only 
one  combination  of  the  various  equations,  and  it  is 
wholly  immaterial  from  a  thermochemical  standpoint 
through  what  intermediate  steps  the  final  composition 
of  the  gas  has  been  reached. 

From  the  eight  reaction  equations,  Ostwald  se- 
lected three  which  lend  themselves  most  readily  to 


being  used  in  a  graphical  representation.  For  the 
latter  he  uses  Gibbs'  equilateral  triangle,  see  Fig.  1, 
to  the  three  corners  of  which  correspond  the  following 
equations : 

a)  C  +  O,  =  CO,  +  97.6 

b)  C  +  2  HoO  =  COo  +  2  H,  —  18.8 

c)  C  4-  CO;  =  2  CO  —  38.8 

In  these  equations  the  symbols  represent  metric 
mols  '(gramnmolecules)  while  the  figures  are  gram- 
calories"     The  equations  can  be  converted  into  pound 

1,000 
molecules  by  multiplication  of  the  figures  by  — — — 


t>^ZO 


2^ 


X  2.2  X  1-8.  because  one  pound  =  1,000/2.2  grams, 
and  a  kilogram  calorie  =  2.2  X  1-8  Btu.  It  may  also 
be  remarked  that  a  metric  mol  of  carbon  =  12  grams. 
In  the  illustration,  Fig.  1,  the  reactions  for,  and 
the  significance  of  some  of  the  more  important  points 
of  the  triangle  are  given  in  detail. 

Further  informiation  on  the  properties  of  the  gasi- 
fication triangle  can  be  gained  by  addition  of  the  equa- 
tions a),  b),  and  cV  The  result  is  (a  +  b  -f  c)  C  -f 
aO.,  +  2bHoO  -f  cCO.,  =  (a  -f  b)  CO=  -f  2bH3  + 
2cCO  -f  97.6a  —  18.8b  —  38.8c.  This  means  that, 
of  (a  -f  b  -f  c)  parts  of  carbon,  a  parts  react  as  in 
equation  a),  b  parts  react  as  in  equation  b),  and  c  parts 
as  in  equation  c).     Rearrangement  of  the  terms  lur- 
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nishes  (a  +  b  +  c)  C  +  aOo  +  2bH„0  =  (a  +  b  —  c) 
CO,  +  2bH;  +  2cC0  +  97.6a  —  18.8b  —  38.8c. 

If  the  length  of  each  side  in  the  triangle  equals  1, 
then  a+  b  -p  c  =  1 ;  but  if  the  length  of  that  side 
equals  100,  then  a  +  b  +  c  =  100.  This  latter  figure 
was  used  in  Fig.  2,  in  which  a  =  55,  b  =  20.  and  c  =  25. 
If  dilution  nitrogen  is  added,  then  100  C  +  55  0-,  + 

15N 
55  X  — — '  +  40  H^O  =  50  CO  +  40  H,  +  50  CO  + 
4 

55  X  —  Nj  +  4034. 
4 

The  right  hand  member  of  the  equation  corre- 
sponds to  a  gas  analysis  of  14.4  per  cent  CO,,  14.4  per 
cent  CO,  11.5  per  cent  H,  and  59.7  per  cent  N„.  This 
is  a  very  poor  gas,  but  it  will  do  for  an  example. 

The  figure  in  the  right  hand  member  indicates  the 


tions  of  the  carbon  gasified  according  to  each  of  equa- 
tions a),  b),  and  c).  For  any  reaction  corresponding 
to  a  point  in  the  triangle,  it  is  possible  to  calculate  the 
COo,  CO,  and  Hj  contents  from  these  equations,  taking 
care  to  include,  of  course,  the  dilution  nitrogen  which 
enters  with  the  oxygen.  But  the  attempt  to  reverse 
the  process,  and  to  locate  a  point  in  the  triangle  corre- 
sponding to  a  gas  composition,  either  assumed  or  de- 
termined by  analysis,  meets  with  difficulties;  for,  while 
in  the  first  procedure,  any  values  of  a,  b,  and  c  may  be 
taken,  as  long  as  a  +  b  -{-  c  =  1,  in  the  reverse  process 
the  sum  of  (COj  +  CO  -|-  Hj)  is  not  equal  to  unity, 
or  to  any  constant  sum. 

It  is  evident,  then,  that  a  very  desirable  addition 
would  be  a  network  of  lines  of  constant  CO,  H,,  and 
COj  spread  over  the  triangle.  In  the  article  referred 
to  above,  Clause  and  Neussel  construct  such  a  net- 
work by  means  of  the  detour  of  a  proportion-triangle 


Fig.  3. 


'heat  which  is  liberated  by  the  reaction.  If  the  figure 
is  negative,  heait  from  an  outside  source  is  required 
for  the  reaction.  The  line  which  crosses  the  triangle 
in  Fig.  1,  from  the  upper  left  hand  corner  to  the  lower 
right  hand  corner,  separates  the  endothermic  from  the 
exothemic  field.  That  line  follows  those  reactions 
which  neither  liberate  nor  use  up  heat.  It  has  been 
called  the  "neutro-caloric"  line  by  Ostwald.  For  all 
practical  producer  gas  work,  reactions  which  require 
heat  from  an  outside  source  need  not  be  considered, 
and  in  consequence,  the  right  hand  strip  can  be  elim- 
inated from  the  triangle,  see  Fig.  1.  Of  the  remaining 
triangle,  the  top  can  be  eliminated,  because,  in  the  top 
section,  addition  of  CO.,  from  an  outside  source  is  re- 
quired, and  such  addition  is  not  used  in  ordinary  pro- 
ducer practice. 

So  far,  the  chart  shows  only  the  possible  propor- 


with   lines  of  constant  ratios 


CO,     CO,      H, 


The 


H,  CO  CO 
chart  which  they  derive  thereby  is  shown  in  Fig.  3. 
It  includes  a  correction  for  methane  content,  as  will  be 
explained  later.  The  chart  applies  to  coals  having  a 
very  large  amount  of  volatile  matter,  but  does  not  con- 
sider the  addition  of  hydrogen  from  breaking  up  of 
the  heavy  distillates  due  to  heat.  The  network  of  lines 
of  constant  CO,,  CO,  and  H,  can,  however,  be  located 
direct!}',  as  in  the  following  original  derivation  :* 

Pure  carbon  is  first  considered,  and  is  regarded  as 
being  in  the  gaseous  form  when  the  reaction  occurs. 
(See  article  in  January  issue.)  Repeating  equations 
a),  b),  and  c)  in  slightly  different  form,  we  find 

*This  derivation*  was  made  by  J.  D.  Keller,  mechanical 
engineer  with  Prof.  Trinks.  — 
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a)  Q  +  2  O,  =  2  CO, 

b)  Cj  +  4  H,0  =  2  CO,  +  4  H, 

c)  C,  +  2  CO,  =  4  CO" 

Of  one  (equivalent)  cubic  foot  of  C,, 

a  cu.  ft.  reacting  as  in  equation  a),  require  2  a  cu.  ft. 

of  O,  and  produce  2  a  cu.  ft.  CO,, 
b  cu.  ft.  reacting  as  in  equation  b),  require  4  b  cu.  ft. 

HjO   (vapor)   and  produce  2  b  cu.  ft.  CO.,  and 

4bcu.  ft.  H... 


Since  with   1   cu.  ft.  of  oxygen  from  the  air,  there 

are  associated  —  or  (very  closelv)  — cu,  it.  oi  nitrogen, 
21  "      4 


the  total  volume  of  N..  included  = 


15 


X 


?3   — 


15 


a. 


4  2 

As  no  excess  air.  can  exist  in   producer  operation,  no 
free  oxygen  is  present. 

A  summing  up  furnishes  the  total  volume  of  gases 


Fig.  4. 

c  cu.  ft.  reacting  as  in  equation  c),  require  2  c  cu.  ft. 

COj  and  produce  4  c  cu.  ft.  CO. 
a,  b  and  c  in  this  case  represent  fractions  of  one 

cubic  foot. 

Total  volume  of  CO,  produced  =  (2a  +  2b  —  2c). 
Total  volume  of  CO  produced  =  4  c. 
Total  volume  of  H,  produced  ^  4  b. 


Fig.  5. 

from  1   (equivalent)  cu.  ft.  of  carbon  =  2a  +  2b  —  2c 

15a  19a 

+  4c  +  4b  H )  = f-  6b  +  2c.     And  since 

2  2 

(a  -)-  b  -(-  c)  =  1.  this  sum  may 'be  written  in  the  form 

JZ^  +  6b  +  2  (1  —  a  —  b)   =  -^  +  4b  +  2. 


/o 


eo 


y^     40     4J     JO 


^^. 


cijar/  Tor  (Ja3///ca//on  o/ Fare  Carlson 


Fig.  6. 
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The  proportion  of  CO2  by  volume,  designated  by  the 
symbol  k,  may  be  expressed  as 

%  CO,        2a  +  2b  —  2c         2a  +  2b—  1 
k  = - 


100 


15a  +  4b  +  2 


_15a  +  2b  +   1 
4 


Frnni  this  equation, 

15  ak  +  2  bk  +  k  =  2  a  +  2  b  —  1 


Solving  for  b,  we  find 

b  =  a  [ : -_ J    +   1 


I. 


1 


2k 


The  proportion  by  volume  of  CO,  designated  by  p,  is 
%  CO  4  c  2  —  2  a  —  2  b 


P  = 


100 


b  = 


I5a  +  4b  +  2         15a  +  2b  +  1 
2  4 

1  +  15/8  p 


[- 


11. 


2  +  2p  '  ■       1  +  p 

The  proportion  by  volume  of  Hj,  designated  by  h,  is 

%  H.  2  b 


h  = 


b=  [- 


100  ISa  +  2b  +  1 

4 

h  15/4  h 

]  +  a  [— ] 

—  2  h  2  —  2  h 


III. 


To  locate  points  on  that  line  in  the  triangle  which 
corresponds  to  a  given  fixed  percentage  of  CO,,  values 
of  b  corresponding  to  various  values  of  a  are  calculated 
from  equation  I  above  for  the  constant  value  of  k. 
For  each  pair  of  values,  a  is  laid  ofi"  in  Fig.  4  as  length 


/. "% 


\ 


Fig.  7. 

Ill  —  4,  and  b  is  laid  off  as  length  4  —  5.  Line  4  —  3 
is  drawn  parallel  to  side  of  triangle  III  —  II,  and 
line  5  —  3  is  drawn  parallel  to  side  I  —  II.  Their 
intersection  locates  point  3. 

Now  it  can  be  proved  quite  simply,  by  the  methods 
of  analytical  geometry,  that  the  locus  (line  1  —  2) 
of  all  points  corresponding  to  a  fixed  COj  content  is  a 
straight  line, — hence  for  constructing  the  network  of 
lines  of  constant  CO,  content,  it  is  only  necessary  to 
locate  corresponding  points  1  and  2  on  lines  I  —  III 
and  II  —  III,  and  to  draw  straight  lines  connecting 


1  with  2.    To  locate  point  1,  equate  b  to  zero,  in  equa- 
tion I. 


_  2  —  2k  _ 

k  +  1 

15/8  k  —  1 
1  —  k 

2  —  15k 

Fig.  8. 


For  each  value  of  k,  the  fraction  a  is  calculated,  and 
is  represented  by  length  III  —  1.  such  that 
'_    length   (III  —  1) 

~    length   (III  —  I) 
To  locate  point  2,  equate  a  to  zero  in  equation  I. 

b  =  JL+^ 

2  —  2k 

The  calculated  value  of  b  may  be  laid  oft  on  line 

I  —  III  and  a  parallel  to  line  I  —  II  may  be  drawn 

to  intersection  with  II  —  III ;  or  more  simply,  b  may 

be  laid  off  directly  on  line  11  —  III  to  such  scale  that 

_    length  (III  —  2) 

~    length   (III  —  II) 

Example:     Locate  the  line  representing  constant  CO, 
content  of  15  per  cent. 

k  +  1  .15+1 

When  b  =  0,  a  =  ^!^ = =  .80 

2  — 15  k        2  — 15/4  X. 15 

4 

If  the  sides  of  the  triangle  I — II,  II — III,  and  III — I, 
(Fig.  4)  are  made  10"  long,  then  a  =  .80  = 
length  (III  —  1) 

10" 

Length  (III — 1)  =  8"  and  this  locates  point  1. 

k  +   1  .15+1 


When  a  =  0,    b  = 


.676 


-2k         2  —  .30 

Then  length   (III— 2)  is  .676  X    10"   =  6.76".     This 
locates  point  2. 

Lines  of  constant  CO  (as  6 — 7,  Fig.  5),  and  those 
of  constant  Hj  (as  8 — 9),  can  also  be  proved  to  be 
straight  lines.  To  construct  these  lines,  it  is  only  neces- 
sary to  find  their  end  points,  as  6  and  7  for  CO,  8  and 
9  for  H, ;  and  to  connect  the  corresponding  points  'by 
straig'ht  lines. 

For  constant  CO  content,  point  6  is  found  by 
equating  b  to  zero,  in  equation  II. 


7  


Then  a  =  [- 


•2  +  2p- 


1  +  15/8 p 
1  +  P 


2-p 

2  +   15p 
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length  (III— 6)  =  a  X  length  (III— I) 
Point  7  is  found  by  equating  a  to  zero. 


2  +  2p 

length  (III— 8)   =  b  X  length   (III— II) 

For    constant    H,    content,    point    8    is    found    by 
equating  a  to  zero,  in  equation  III. 

■  '^■\       2  ■  2  h 

^.       ,    ,         J'erat\i» 
In  Fig.  5,  length         f-8j   =  b  X    length   (III— II). 
Point  9  is  found  i>yj|,fjuating  the  sum  of  (a  +  b)  to 
unity. — that  is.  c  =  0 


(1-a) 


h 


15/4  h 

+   a    [ 

2  —  2  h  2  —  2  h 

.  2  —  3  h    , 


2  +  7h 


Lav  off  length  (III — 10)  equal  to  a  X  length 
(III— I),  and  draw  line  10—9  parallel  to  III— II  to 
intersection  point  9 :  or  else  (more  simply)  lay  off 
length  (II — 9)  =  a  X  length  (II — I).  As  the  triangle 
is  equilateral,  I— II  =  II— III  =  III— I. 

The  chart  of  Fig.  6  has  been  constructed  in  this 
manner.  It  maj-  be  noted  that  the  lines  of  CO.,  and  H^ 
are  nearly  at  right  angles.  This  means  that  their  in- 
tersection points  are  sharply  defined  and  that  from  an 
analysis  showing  only  CO;  and  H„.  the  corresponding 
CO  content  can  be  found  quite  accurately.  Tbis  is  an 
advantage,  because  no  good  reagent  is  known  for  ab- 
sorbing CO  in  the  gas  analysis,  whereas  excellent  ab- 
sorbents for  CO,  and  H,  are  known.  The  chart  can 
be  applied  very  advantageously  to  indications  of  these 
constituents  from  such  instruments  as  the  Mono  re- 
corder. 

The  chart  of  Fig.  6  applies  only  to  gas  produced 
from  coke  or  anthracite.  Producer  gas  formed  from 
bituminous  coal  or  from  lignite  contains  also  methane, 
ethylene,  and  the  additional  hydrogen  which  is  formed 
by  the  breaking  up  of  the  hydrocarbons.  In  the  chart 
constructed  by  Claus  and  Neussel,  Fig.  3.  a  correction 
was  introduced  for  the  methane,  but  not  for  the  extra 
hydrogen.  Gas  from  bituminous  coal  always  contains 
more  hydrogen  than  the  chart  (Fig.  3)  shows,  but  the 
amount  of  excess  hydrogen  is  indeterminate  for  this 
reason :  The  amount  of  extra  hydrogen  depends  upon 
the  temperature  at  the  top  of  the  producer ;  the  higher 
this  temperature,  the  greater  the  extent  to  which  the 
hydrocarbons  are  decomposed,  and  the  greater  the 
amount  of  extra  hydrogen  produced. 

But  the  top  of  the  producer  is  hottest,  when  gasi- 
fication proceeds  with  reactions  which  are  represented 
by  points  near  the  left  hand  bottom  of  the  trapezoid. 
Figs.  1  and  3,  and  the  top  of  the  producer  is  coolest 
when  working  with  reactions  near  the  right  hand 
boundary  (neutro-caloric  line).  The  amount  of  hy- 
drogen added  to  all  other  gas  quantities  will,  therefore, 
vary  in  the  diagram  from  place  to  place  even  for  a 
given  coal.  This  reasoning  shows  that,  for  the  draw- 
ing of  an  absolutelv  correct  gasification  and  distilla- 
tion chart  for  bituminous  coal,  additional  experimental 
data  must  be  gathered.  Even  with  such  data  at  hand, 
the  making  of  the  chart  will  be  difficult  and  tedious  in 
the  extreme. 


In  the  before-mentioned  publication,  Claus  and 
Neussel  point  out  that  interesting  data  can  be  gath- 
ered from  the  gasification  chart  for  coke  or  anthra- 
cite. Fig.  7  was  adapted  from  their  publication  with- 
out recalculation  of  the  flame  temperatures.  The  illus- 
tration shows  that  producer  gas  represented  by  the 
upper  right  hand  corner  of  the  chart  gives  the  highest 
flame  temperatures,  while  gas  represented  by  the  lower 
left  hand  corner  gives  no  temperature  rise  whatsoever, 
— it  being  understood  that  all  gases  are  cooled  to  room 
temperature  before  combustion.  The  chart  also  per- 
mits the  reading  of  the  producer  or  gasification  effi- 
ciency (neglecting  the  heat  in  the  steam)  for  any  given 
possible  gas  analysis.  The  lines  of  constant  efficiency 
are  taken  directly  from  Ostwald's  book,  p.  54.  For 
gas  produced  from  bituminous  coal,  lines  of  equal  flame 
temperature,  and  of  equal  gasification  efficiency  can  be 
computed,  but  the  work  is  so  slow  and  tedious  as  to 
deter  anyone  who  is  working  solely  for  the  enlighten- 
ment of  his  fellow  citizens. 

The  man  who  has  charge  of  gas  producer  operation 
will  dismiss  this  whole  discussion  as  purely  academic 
and  as  one-sidedly  theoretical,  unless  it  helps  him  to 
so  change  the  operation  as  to  produce  a  better  gas. 
With  a  given  producer,  and  with  a  given  gas  demand, 
the  following  changes  can  be  made  in  the  operation : 

1)  Variation  of  steam  supply. 

2)  Variation  of  air  supply. 

3)  Variation  of  depth  of  ash  bed. 

4)  Variation  of  depth  of  fuel  bed. 

5)  Use  of  a  non-cHnkering  coal,  or  else  more  fre- 
quent cleaning  of  the  producer. 

The  present  article  is  not  a  treatise  on  gas  pro- 
ducers and  upon  their  operation,  and  for  that  reason  it 
will  be  impossible  to  go  into  details  on  the  question  of 
how  a  producer  must  be  designed  to  furnish  the  best 
possible  gas.  All  that  can  be  done  is  to  indicate  on  the 
chart  (see  Fig.  8)  what  the  general  efTect  of  the  dif- 
ferent variations  is.  (This  part  is  partly  adapted  from 
the  publication  of  Claus  and  Neussel.)  It  would  be 
intensely  interesting  to  follow  in  the  diagram  the  ef- 
fects of  more  or  less  uniform  steam  and  air  distribu- 
tion over  the  cross  section  of  the  producer,  the  effects 
of  channeling  by  nokers,  or  the  effect  of  deep  ash  beds 
upon  the  quality  of  the  gas  and  upon  the  required 
pressure  for  blowing  steam  and  air  into  the  producer, 
but  these  problems  are  big  enough  to  warrant  a  sepa- 
rate publication  which  should,  by  right,  originate  with 
one  of  the  producer  builders. 


BRITISH  IRON  AND  STEEL  INSTITUTE. 

The  Brit'sh  Iron  and  Steel  Institute  will  hold  it 
annual  meeting  Thursday  and  Friday.  May  4th  and 
5th.  at  the  House  of  The  Institution  of  Civil  Engineers, 
Great  George  Street.  London.  The  annual  dinner  will 
be  held  the  evening  of  Thursday,  May  4th,  at  the  Con- 
nausfht  Rooms,  Great  Queen  Street.  London. 

Members  of  the  Iron  and  Steel  Institute  have  been 
invited  to  participate  in  the  next  International  Geo- 
logical Consrress  which  is  to  be  held  at  Brussels  in 
August.  1922. 

During  the  Congress,  excursions  will  be  made  to 
Quenast.  to  the  caves  of  Han  and  Rochefort,  to  the 
cave  and  district  of  Remouchamps,  to  Liege,  Spa  and 
neighborhood,  to  the  valleys  of  the  Sennette  and 
Samme.  to  Namur  and  the  Samson  fault,  to  Landelies, 
to  the  Tertiary  Formations  (Eocene)  near  Brussels, 
and  to  Louvain  (Coal-mining  Museum). 
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Description  of  Test  on  Furnace  Sand 

Investigation  of  the  Thermal  Conductivity  of  Sand — Practical 
Values  for  Use  by  Furnace  Designers — Description  of  the  Appa- 
ratus Used. 


By  M.  W.  MAWHINNEY 
Assistant  to  Prof.  Trinks,  Carnegie  Institute  of  Technology 


THE  matter  of  the  conductivity  of  sand  at  high  tem- 
peratures has  long  been  a  doubtful  factor  in  the  cal- 
culations of  the  designers  of  muffle  furnaces  and 
other  furnaces  where  sand  is  used  in  the  construction. 
In  an  attempt  to  improve  this  situation,  the  following 
test  was  devised  and  performed  to  furnish  some  guide 
to  assumptions  in  the  future.  \\'ith  the  apparatus  at 
hand,  it  was  not  possible  to  perform  an  extremely  accu- 
rate test,  but  it  appeared  that  if  a  reliable  comparison 
could  be  made  between  a  specimen  of  sand  and  of  or- 
dinary firebrick  under  the  same  conditions,  the  results 
would  be  of  sufficiently  practical  value  for  furnac§  de- 
signe  This  method  was  therefore  selected,  aihd  the 
apparatus  designed  accordingly. 

Description  of  Apparatus. 

The  details  and  arrangement  of  the  apparatus  are 
clearly  shown  in  Figs.  1  and  la.  The  furnace  used  for 
the  test  was  a  Tate-Jones  gas  fired  type,  having  a  heating 
chamber  about  18.x  14x7  in.     The  door  was  removed  and 


Fig.  1. 

the  apparatus  fitted  into  the  opening  in  the  brickwork. 
The  apparatus  itself  consisted  of  a  sheet  iron  container 
without  top  or  back,  the  back  being  replaced  by  a  wall  of 
firebrick  about  l^i  in.  thick.  The  enclosed  space  was 
lined  on  sides  and  bottom  with  sheet  asbestos  to  mini- 
mize heat  losses  and  filled  with  the  specimen  of  foundry 
sand  tested.  Sheet  asbestos  was  fitted  over  the  top,  and 
the  whole  thing  packed  into  the  furnace  opening  with  as- 
bestos clay.  The  asbestos  sheet  is  shown  by  the  shaded 
portion  of  Fig.  1.  The  dot-and-dash  lines  are  the  out- 
lines of  the  furnace  proper,  and  show  the  relative  posi- 
tion of  the  apparatus 

Investigation  of  the  Thermal  Conductivity  of  Sand. 
Temperature    measurements    were    taken    at    four 


^HPfh 


places,  three  as  shown  on  Fig.  1,  allPfhe  furnace  tem- 
perature with  a  pyrometer  located  as  shown  on  Fig.  la. 
All  pyrometers  used  were  platinum-rhodium  couples. 
One  is  a  pyrometer  located  in  a  hole  bored  in  the  brick 
\y2  in.  deep  from  the  junction  of  sand  and  brick,  and 
to  within  ^  in.  of  the  surface  of  the  brick  inside  the 
furnace.  Two  is  a  pyrometer  placed  just  at  the  junction 
of  the  sand  and  brick.     Three    is    a    thousand    degree 
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Fig.  2. 

thermometer  3  in.  from  the  junction  and  Yz  in.  from  tin- 
surface  of  the  container.  Four  is  a  pyrometer  contained 
in  a  silica  tube  and  placed  in  the  interior  of  the  furnace. 

Performance. 

The  temperature  of  the  furnace  was  brought  up 
gradually  to  about  2200  deg.  F.,  and  kept  as  near  this 
temperature  as  possible  for  about  eight  hours  to  insure 
a  steady  flow  of  heat  through  the  brick  and  sand.  Tem- 
perature readings  were  taken  every  half  hour  throughout 
this  period.  At  the  conclusion  of  the  test  all  of  the 
instruments  were  carefully  calibrated. 

Results. 

Fig.  2  shows  the  variation  of  the  temperatures  at  the 
ditterent  points  with  time.     From  a  study  of  the  curves 
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it  appears  that  the  flow  of  heat  became  constant  during 
the  last  four  hours  of  the  test.  Averaging  the  tempera- 
ture readings  at  the  different  points  over  this  period,  we 
find  that  the  average  temperature  at  the  inside  of  the 
brick  was  2029  deg.  F.,  at  the  junction  of  the  brick  and 
sand  1689  deg.  F.,  and  at  the  outside  of  the  sand  668 
deg.    F.      Therefore,    tlie    temperature    drop     per     inch 


conductivity  of  sand 


through    the   brick   equals 


2029—1689 
1!^ 


=   227   degrees. 


while    the    temperature    drop    through    the    sand    equals 

1689—668         ,^^    , 

=  .">40  decrees  per  inch. 

3 

Now,  assuming  no  heat  loss  through  the  sides 
(and  this  is  reasonable  as  those  surfaces  were  practically 
cold  throughout  the  test)  the  conductivity  will  be 
inversely    proportional    to    the    heat    drop.    Therefore. 


227 

lib 


= =  .67    between    700   and 


conductivitv  of  brick 
1700  deg.  F. 

Selecting  an  average  value  of  9  Btu.  per  sq.  ft.  per 
deg.  F.  per  inch  thickness  for  the  thermal  conductivity 
of  firebrick,  the  conductivity  of  sand  obtained  from  this 
test  is  about  .67  X  9,  or  6  Btu.  per  sq.  ft.  per  deg.  F.  per 
inch  thickness. 

That  this  is  hut  a  rough  constant  for  practical  use 
only  can  readily  be  seen  from  a  study  of  the  conditions. 
In  the  first  place,  the  value  is  only  an  average  between 
the  temperature  limits  of  700  and  1700  deg.  F.  Also  the 
fact  that  the  brick  was  heated  to  incandescence  through- 
out, and  part  of  the  sand  also  became  red  hot  would 
indicate  that  the  factor  of  radiation  also  had  some  dis- 
turbing effect.  However,  since  the  conditions  in  the 
test  were  approximately  the  same  as  those  met  in  fur- 
nace practice,  the  value  obtained  will  serve  as  a  guide 
until  more  accurate  investigations  are  undertaken. 


The  Electric  Furnace  Situation 

Dealing  With  the  Widening  of  the  Sphere  of  the  Electric  Furnace's 
Operation — One  of  the  Most  Interesting  Developments  Is  That  of 
Making  Cast  Iron  in  the  Electric  Furnace. 


OBSERVATIONS  on  the  existing  status  of  the  elec- 
tric furnace  and  predictions  on  its  future  applica- 
tion have  periodically  appeared  in  the  technical 
press  with  at  least  annual  frequency.  The  majority  of 
these  publications  have  been  more  or  less  statistical,  show- 
ing the  electric  furnace's  position  in  the  metal  industries 
by  the  increase  in  the  number  of  installations.  There  is 
quite  sufficient  evidence  in  every  quarter  of  the  country 
to  establish  the  claim  of  the  electric  furnace  as  an  ac- 
cepted and  standard  type  of  melting  apparatus.  It  has 
arrived  at  such  a  status  by  sheer  force  of  its  inherent 
merit  and  metallurgical  flexibility,  and  further,  in  spite 
of  a  certain  amount  of  misdirected  effort  and  applica- 
tion, faulty  and  freak  design,  unintelligent  experimenta- 
tion, and  super-enthusiasm  of  some  of  its  most  ardent 
proponents.  But  it  is  standard  now  and  certainly  bids 
fair  to  remain  so  and  to  be  accorded  even  greater  favor. 
Due  to  the  low  tide  of  production  of  practically  every 
sort,  particularly  the  metal  industries,  a  comparison  of 
■  the  increase  in  number  of  installations  in  the  past  year 
to  that  in  the  three  or  four  preceding  years  is  by  no 
means  correctly  indicative.  But  it  should  be  pointed 
out  that  in  comparison  to  the  average  of  business  gen- 
erally the  electric  furnace  undoubtedly  has  done  a  larger 
percentage  of  a  normal  year's  business  than  any  of  the 
steel  or  iron  industries.  The  electric  furnace  has  done 
almost  half  a  normal  year's  business  in  1921,  which  is 
in  reality  an  actual  gain  over  preceding  years.  But  a 
more  important  phase  of  the  situation  is  the  widening 
of  the  sphere  of  the  electric  furnaces'  operations  with 
which  consideration  this  article  is  most ,  directb/  con- 
cerned. 

The  electric  furnace  as  a  general  term  is  a  pretty 
comprehensive  one  and  its  development  is  a  rather  wide 
subject.  These  remarks  are  confined  to  its  applications 
on  the  ferrous  metal  fields.     But  even  this  one  class  of 


applications,  the  electric  furnace  is  unique  in  that  it  has 
gone  into  every  branch  of  the  iron  and  steel  industry. 
The  cupola  has  hitherto  been  supreme  in  the  cast  iron, 
the  air  furnace  in  malleable  production,  the  Bessemer  and 
the  open  hearth  in  the  steel  castings  and  rolling  ships,  and 
the  crucible  in  the  tool  steel.  So  it  has  previously  been 
the  case  that  each  type  of  steel  or  iron  shop  had  a  spe- 
cial type  of  melting.  The  electric  furnace  is  in  strong 
contrast  with  these  other  types  of  melting  equipment  be- 
cause it  has  been  successfully  utilized  in  every  one  of  the 
various  types  of  iron  and  steel  working  industries. 

Malleable  Iron. 

In  the  malleable  shop,  the  greatest  tonnage  has  been 
produced  by  the  Kranz  triplex  process.  This  process 
utilizes  a  very  large  percentage  of  scrap,  using  the  con- 
verter to  reduce  carbon  and  manganese  after  melting  in 
the  cupola.  Sulphur  is  then  reduced  and  the  metal  super- 
heated in  a  basic  hearth  electric  furnace.  Another  feature 
of  this  system  is  the  ability  it  possesses  of  holding  a  charge 
at  a  constant  analysis  and  temperature.  The  main  ob- 
jection to  this  is  the  floor  space  and  capital  tied  up  in  the 
three  t3'pes  of  equipment  necessary.  To  cold  melt  a 
charge  of  scrap  steel  and  iron  adjusted  to  give  a  proper 
carbon  and  silicon  content  for  a  malleable  specification 
in  a  basic  hearth  is  not  satisfactory  for  the  reason  that 
little  or  no  reduction  of  manganese  takes  place,  while  al- 
most total  desulphurization  occurs.  The  sulphur-man- 
ganese balance  is  thus  not  secured.  It  is,  therefore,  not 
highly  probable  that  malleable  will  ever  be  extensively 
synthesized  by  the  basic  hearth  electric. 

Experiments  have  been  made  with  the  acid  hearth 
electric  with  full  charges  of  cheap  steel  scrap  which  in- 
dicate that  a  very  excellent  malleable  specification  can 
cheaply  and  almost  automatically  be  obtained  by  this 
method.      Several    companies    have     been     investigating 
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this  method  and  the  next  year  will  in  all  probability  sec 
some  installations  of  this  nature  made.  It  is  also  very 
probable  that  the  acid  hearth  will  find  greater  favor  in 
the  malleable  held  than  the  basic.  Combinations  of  the 
two  will  probably  be  worked  out  also. 

Steel  Casting. 

So  much  has  been  written  about  the  metallurgy  and 
quality  of  electric  steel  castings  that  no  attention  will  be 
given  it  here,  and  the  superiority  of  it  for  this  type  of 
work  is  considered  accepted.  Hut  for  the  production  of 
very  large  steel  castings  the  open  hearth  is  slill  firmly 
lodged  in  its  position.  However,  shops  specializing  in 
this  large  work  usually  have  to  take  a  certain  amount  of 
small  work  along  with  the  large  patterns  and  its  pro- 
duction from  the  big  open  hearth  heats  is  quite  a  dif- 
ficult matter.  The  steel  for  this  big  work  is  of  necessity 
tapped  too  cold  for  the  small  stuff  so  that  the  small  cast- 
ing production  is  usually  a  losing  game.  And  years  like 
the  present  one  place  these  people  at  a  disadvantage.  The 
work  which  is  secured  is  not  sufficient  in  volume  to  keep 
the  open  hearth  busy  and  the  shop  equipped  with  the 
average  size  of  open  hearth  to  be  found  in  the  steel  cast- 
ings shop  finds  itself  in  a  position  where  they  face  shut- 
ting down  or  making  tw^o  or  three  heats  a  week,  keeping 
the  furnace  hot  the  rest  of  the  time.  Either  of  these 
courses  of  action  is  highly  undesirable,  the  one  resulting 
in  the  loss  of  a  certain  percentage  of  clientele  and  the 
other  in  a  loss  of  a  certain  amount  of  money.  These 
people  are  resorting  in  several  cases  to  the  expedient  of 
installing  a  small  electric  furnace  to  take  care  of  the 
small  work  during  periods  of  active  business  and  all  pro- 
duction in  slack  times.  In  doing  this  the  open  hearth 
shop  also  finds  itself  in  positon  to  take  on  a  very  much 
larger  tonnage  of  small  work  than  the  cold  melting  elec- 
tric equipment  would  allow.  This  they  can  accomplish 
by  taking  a  duplexing  heat  from  the  open  hearth  when 
it  is  tapped  and  giving  it  in  the  electric,  the  temperature 
necessary  for  pouring  small  work. 

Alloy  Steels. 

In  the  alloy  steel  industry,  there  is  a  very  interesting 
development  in  the  past  year,  in  that,  so  far  as  cost  is 
concerned,  the  alloy  steels,  once  providing  the  strongest 
impetus  the  electric  furnace  ever  received,  have  tempor- 
arily reversed  themselves.  This  condition  is  due  to  sev- 
eral developments  coming  out  of  the  business  depression. 
During  the  past  period  of  expansion  and  prosperity,  the 
demand  for  alloy  steels  for  ordnance  and  automotive 
uses  got  beyond  all  proportions  of  the  country's  produc- 
tive capacity.  The  price  was  accordingly  very  high,  in 
common  with  that  of  the  ferro-alloys,  fuel,  etc.  The 
rise  in  power  rates  was  much  slower  than  the  prices  of 
other  commodities  entering  into  the  cost  sheet.  The  sav- 
ing in  the  alloys  recovered,  grade  of  scrap  available  for 
electric  furnace  utilization,  but  not  available  for  open 
hearths,  difference  in  price  between  this  scrap  and  heavy 
melting  steel,  and  other  materials  dictated  the  use  of  the 
electric  furnace,  resulting  in  a  greater  expansion  than  any 
other  type  of  steel  melting  equipment  has  ever  had  in  the 
same  time,  in  point  of  installation  numbers.  With  the 
decline  in  prices  of  fuels,  alloys,  etc.,  came  no  correspond- 
ing decline  in  power  rates,  these  latter  being  under  state 
regulation  and  consume,  in  effecting  changes,  a  great 
deal  more  time  than  commodities,  the  prices  of  which 
operate  under  the  law  of  supply  and  demand.  The  con- 
sequence of  this  has  been  that  the  past  year  has  seen 
by  far  the  majority  of  the  automotive  steels  melted  in  the 
open  hearth  by  the  people  who  were  open  hearth  equip- 
ped, and  sold  at  a  price  much  lower  thai>  the  open  hearth 


people  liked  to  work  on.  This  condition  is  an  artificial 
one,  just  as  the  condition  where  electric  furnace  operation 
was  so  out  of  proportion  was  artificial.  With  the  gradual 
return  to  normal  conditions  the  production  of  alloy  steels, 
which  have  been  called  electric  furnace  steels,  will  revert 
in  a  large  degree  to  electric  furnace  production.  In  what 
degree  or  ])ercentage  is  a  question  as  answerable  as  when 
will  business  be  good,  and  also  one  to  he  decided  from 
time  to  time  by  recourse  to  pencil  and  paper  and  cold 
arithmetic,  the  matter  of  electric  steel's  superiority  over 
open  hearth  steel  being  duly  taken  into  account.  But  it 
is  quite  certain  that  during  the  year  of  1922  a  greater  per- 
centage of  these  "electric  furnace  steels"  will  be  electric 
furnace  melted. 

The  type  of  operation  will  also  be  decided  by  cost, 
i.  e.,  where  melting  can  be  more  economically  accom- 
plished by  fuel,  the  .scrap  will  be  fuel  melted  and  elec- 
trically alloyed  and  refined.  Various  combinations  have 
been  worked  out,  and  it  is  quite  possible  that  duplexing 
will  have  a  wider  use  than  in  the  past.  Triplexing  will 
always  very  probably  be  confined  to  works  with  blast  fur- 
nace and  equipment. 

Tool  Steel. 

In  the  tool  steels  it  is  very  probable  that  the  electric 
will  slowly  but  surely  continue  its  encroachments  on  the 
crucible.  With  the  increased  knowledge  of  the  art  and 
the  higher  type  of  intelligence  doing  the  actual  melting 
work,  better  judgment  in  designing  charges  and  carrying 
out  furnace  operation  are  overcoming  the  prejudice  in 
favor  of  crucible  steel.  Poor  workmanship  on  electric 
furnace  operations  has  caused  a  great  deal  of  poor 
grade  tool  steel  to  be  turned  out,  which  suffered  in  com- 
parison with  the  crucible  product.  But  the  active  re- 
fining tendency  of  electric  furnace  metallurgical  condi- 
tions, when  properly  used,  enable  the  electric  furnace 
product  to  be  much  freer  from  inclusions  than  the  cupola. 
This  has  been  clearly  demonstrated  in  at  least  one  plant 
during  the  past  two  years. 

Another  interesting  development  of  the  art  during  the 
past  few  months  has  been  the  advent  of  an  acid  electric 
tool  steel.  The  company  manufacturing  this  steel  states 
it  is  superior  in  many  ways  to  the  basic  electric  steel. 
This  company  is  in  fair  position  to  give  an  opinion,  oper- 
ating as  they  do,  a  basic  electric  furnace. 

In  the  production  of  steel  the  electric,  even  with  a 
high  power  rate,  will  always  be  cheaper  than  the  cru- 
cible product  in  manufacture,  owing  to  the  cost  of  the 
pots. 

Cast  Iron. 

Of  all  the  recent  electric  furnace  developments,  prob- 
ably the  most  interesting  and,  from  the  trade's  stand- 
point important,  is  its  encroachment  in  the  field  of  the 
cupola.  Starting  out,  as  the  electric  furnace  die,  in  the 
tool  steel  industrv,  and  as  before  mentioned,  obtaining  the 
greatest  impetus  in  the  alloy  steels,  both  of  which  are  the 
most  expensive  type  of  iron  metals,  in  the  year  in  which 
something  of  a  recession  has  been  noted  in  the  electric 
production  of  these  materials,  the  electric  furnace  has 
seen  its  largest  gain  in  the  manufacture  of  lowest  priced 
iron  metal,  cast  iron.  This  field  is  one  in  which  the  elec- 
tric furnace  will  in  all  probability  find  its  greatest  ex- 
pansion in  the  next  few  years.  From  the  cast  iron  foun- 
dries alone,  during  the  past  year  there  have  been  upwards 
of  a  thousand  incjuiries  to  electric  furnace  manufacturers. 
This  amount  of  inquiry  evidences  a  very  decided  amount 
of  interest. 

Electric  cast  iron  has  been  extensively  advertised  in 
the  form  of  piston  rings.     Duplexed  iron  has  also  been 
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utilized  for  valve  castings  during  the  last  few  years. 
These  parts  are  rapidly  assuming  the  same  rate  in  the 
iron  field  that  the  alloy  steels  have  played  in  the  steel 
shops,  i.  e.,  essentially  an  electric  furnace  proposition. 
In  time,  it  is  also  very  highly  probable  that  chilled  rolls, 
cylinder  liners,  cylinders,  automobile  valve  seats,  glass 
bottle  moulds,  and  various  other  parts  now  either  cupola 
or  air  furnace  cast,  will  enter  the  "electric  iron"  head- 
ing, just  as  chilled  rolls  have  already  largely  done  in 
Sweden. 

But,  during  this  year,  one  of  keen  competition  and 
falling  prices,  the  country  has  very  probably  for  the  first 
time  seen  a  foundry  shut  down  its  cupola  and  turn  its 
iron  into  the  electric  for  primarily  pure  economic  rea- 
sons. The  Queen  City  Foundry  Company  has  done  this 
and  have,  while  improving  the  quality  and  control  of 
their  iron,  used  scrap  and  cut  their  costs.  locality,  of 
course,  plays  a  certain  part  on  such  a  condition,  but  such 
a  condition  is  not  peculiar  to  any  one  major  section  of 
the  country,  and  is  decidedly  operative  from  the  Rockies 
West,  as  well  as  many  localities  such  as  Chicago  and 
other  industrial  centers.  This  condition  will,  of  cotirse, 
be  narrowed  as  the  practice  of  charging  cheap  scrap  into 
electric  furnaces  gains  more  popularity.  But  such  a  con- 
dition cannot  be  adjusted  further  than  the  point  where 
the  margin  between  scrap  and  pig  isn't  sufficient  to  allow 
the  difference  in  cupola  and  electric  furnace  cost.  The 
demand  for  such  scrap  would  then  fall  off,  pig  being 
then  purchased. 

There  are  one  or  two  points  in  the  electric  metallurgy 
of  cast  iron  which  are  still  mooted  questions,  but  the  claim 
that  borings  in  full  charges  cannot  be  completely  melted 
in  stationary  or  non-oscillating  types  of  the  direct  arc 
furnace  is  not  substantial.  Complete  charges  of  borings 
can  be  melted  m  the  direct  arc  iron  oscillating  furnaces 
of  at  least  two  types,  with  practically  the  same  power 
input  as  for  heavier  charges,  and  for  about  10  per  cent 
less  power  input  than  is  averagely  obtained  in  the  indi- 
rect oscillating  type  furnace.  This  has  been  accomplished 
on  numerous  occasions. 


An  example  of  one  type  of  control  obtainable  in  the 
electric  furnace  is  hardness.  In  a  foundry  making  glass 
bottle  moulds  with  a  500-lb.  electric  furnace,  before  heats 
were  tapped,  a  test  bar  is  poured  into  a  dry  sand  mould. 
It  is  left  a  certain  length  of  time  in  the  sand  (about 
three  minutes)  and  then  allowed  to  air  cool  till  black, 
which  takes  about  seven  minutes.  The  bar  is  then  water 
quenched,  broken,  one  end  ground  and  Brinelled.  Very 
accurate  hardening  results  are  obtained  by  making  such 
additions  to  the  bath  as  are  necessary.  This  is  in  itself 
quite  an  innovation  in  the  iron  foundry  in  this  country. 

As  an  indication  of  the  diversity  of  uses  of  the  elec- 
tric furnace  in  the  iron  foundry,  there  are  at  present  the 
following  wide  variet  of  electric  furnace  iron  castings 
now  produced  in  the  states :  Piston  rings,  locomotive 
cylinders,  grate  bars,  valves,  large  and  small,  ball  mill 
chilled  liners,  soil  pipe  and  fittings,  sewer  gratings,  high 
pressure  steam  fittings,  glass  bottle  moulds,  etc. 

In  all  situations  the  ratio  between  power  rate  and 
scrap  pig  and  pig  and  coke  cost  have  to  be  the  deciding 
factor  in  the  economies.  In  some  instances  economies 
are  not  major  considerations,  being  subordinate  to  the 
quality  factor,  but  as  above  mentioned,  power  rates  are 
lagging  behind  the  price  trend  in  other  commodities. 
These  will,  of  course,  in  time,  in  large  part,  be  adjusted. 
But  at  least  two  instances  have  been  carried  out  to  a 
final  stage  and  resulted  m  the  decision  that  electrical 
furnaces  are  a  preferential  load  and  are  therefore  en- 
titled to  a  preferential  rate.  A  precedent  of  this  sort  is  a 
very  important  one,  and  one  of  the  companies  isssuing 
such  a  preferential  electric  furnace  schedule  had  seen 
the  advantage  to  their  business  of  electric  furnace  loads 
and  actively  solicits  such  loads.  More  of  this  sort  of 
action  will,  of  course,  result  to  benefit  the  central  sta- 
tions, power  consumers  and   furnace  manufacturers. 

The  electric  furnace  has  had  a  phenomenal  growth, 
with,  be  it  said,  the  usual  youthful  maladies.  It  has 
survived,  however,  and  its  maturity  promises  to  be  even 
better  than  its  adolescence. 


Roller  Bearing  Mill  Tables 

A  Description  of  New  Rolling  Mill  Tables  in  Which  Were  Installed 
Flexible  Roller  Bearings — International  Nickel  Company  Among 
Prominent  Users. 

By  J.   M.  KELLY 
Engineer,    Hyatt   Roller   Bearing   Company 


THE  reliable  performance  of  the  flexible  roller  bear- 
ing on  mill  table  equipment  is  becoming  more  and 
more  pronounced,  and  during  the  year  1921  addi- 
tional rolling  mill  tables  have  been  designed  and  built 
with  the  flexible  roller  liearing  incorporated  on  the  table 
rollers  and  side  shafts. 

The  International  Nickel  Company,  Huntington,  W. 
Va.,  will  soon  place  in  service  a  24-in.  sheet  bar  mill,  and 
for  a  length  of  260  feet  the  approach  and  runout  tables 
will  operate  with  Hyatt  roller  bearings.  This  mill  was 
designed  by  F.  I.  Ellis,  consulting  engineer,  Pittsburgh, 
Pa.,  and  these  auxiliary  tables  were  built  by  the  Con- 
nellsville  Foundry  Machine  &  Steel  Castings  Company, 
Connellsville,  Pa. 


The  24-in.  sheet  bar  mill  recently  installed  at  the 
Mansfield  Sheet  &  Tin  Plate  Company,  Mansfield,  O., 
includes  flexible  roller  bearings  on  400  feet  of  table.  This 
mill  was  designed  by  F.  I.  Ellis  and  Bartorl'  R.  Shover, 
consulting  engineers,  Pittsburgh,  Pa.,  the  table  equip- 
ment being  built  by  the  Woodard  Machine  Company, 
VVooster,  O. 

The  12-in.  diameter  table  rollers  for  these  mills  are 
supported  in  the  bearings  in  the  manner  indicated.  The 
bearing  housings  are  bolted  to  the  lOxlJ^-in.  slabs  and 
the  opposite  bearings  on  the  same  table  roller  are  aligned 
accurately. 

The  bearing  housing  is  in  two  parts,  the  top  being 
fastened  to  the  base  by  bolts. 
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Fig.    1 — Design     of     Hyatt     equipped    approach    and    runout  tables   for   24-in.    sheet   Uar   mills   at   International   Nickel 

Company  and   Mansfield  Sheet  &  Tin  Plate  Company. 
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Fig.  2 — Design  of  Hyatt  equipped  table  for  28-in.  structural  and  bar  mill  for  Acieres  De  Micheville,  France,  similar  to 
tables  now  in  successful  operation  for  two  years  at  Tennessee  Coal.  Iron  &  Railroad  Company. 
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To  the  many  mills  designed  and  bnilt  by  the  United 
blngineering  &  Foundry  Company,  Pittsbnrgli,  Pa.,  anfl 
already  in  operation  with  flexible  roller  bearings  incor- 
ported  on  all  table  rollers  and  side  shafts,  this  company 
has  added  during  the  past  year  a  flexible  roller  bearing 
equipped  table  for  the  2S-in.  structural  and  bar  mill  to 
operate  at  Acieres  De  Micheville,  France. 

The  construction  as  shown  is  identical  with  the  in- 
stallation that  has  operated  for  the  past  two  years  on  the 
28-in.  combination  structural  and  bar  mill  at  the  Tennes- 
see Coal,  Iron  &  Railroad  Company.  Fairfield,  Ala. 

This  construction  of  the  table  roller  and  flexible  roller 
bearing  journal  boxes  is  also  similar  to  the  installation 
on  the  35-in.  blooming  mill  main  lifting  tables  at  John  A. 
Roebling's  Sons  Company,  Trenton,  N.  J.  This  35-in. 
blooming  mill  was  built  by  the  United  Engineering  & 
Foundry  Company  and  has  been  in  service  for  2'/  years. 

The  roller  bearings  are  enclosed  in  journal  boxes 
which  are  .self  aligning,  being  spherical  on  the  outside 
and  set  into  spherical  seats  both  in  the  ca[)  and  in  the 
table  girder. 

The  Gary  works  of  the  Illinois  Steel  Company.  (Jarw 
Ind.,  will  shortly  place  in  service  a  12-in.  strip  mill  and  a 
20-in.  strip  mill.  The  approach  and  hot  bed  tables  of 
these  two  mills  are  completely  equipped  with  the  flexible 
roller  bearing  mounted  in  the  self-aligning,  ball-seated 
journal  boxes  which  have  proved  a  decided  advantage  on 
mill  table  equipment. 

Flexible  roller  bearings  have  l)een  incorporated  in  the 


table  rollers  and  side  shafts  of  a  pronounced  majority  of 
the  mill  tables  built  during  the  past  five  years.  The  use 
of  flexible  roller  bearings  is  of  ntaterial  advantage  to 
operating  men,  inasmuch  as  the  serious  delays  often 
caused  by  inferior  bearings  are  entirely  eliminated  and 
the  bill  is  not  held  up  for  table  bearing  repairs. 

Master  mechanics  have  pronounced  the  flexible  roller 
bearing  to  be  the  correct  type  of  bearing  for  mill  table 
equipment  on  account  of  the  decreased  maintenance 
necessary,  not  only  on  bearings  but  also  on  other  vital 
parts,  such  as  gears.  With  these  bearings  mounted  on 
the  table  rollers  the  gears  are  held  in  mesh  and  align- 
ment, which  is  extremely  important  with  bevel  gears. 

The  slight  increased  cost,  which  is  sometimes  neces- 
sary to  incorporate  the  flexible  roller  bearings,  is  offset 
by  the  advantages : 

Advantages  of  Roller  Bearings  on  Mill  Tables. 

1.  Saving  in  [jower. 

2.  Smaller  motor,  which  oiTsets,  partlw  the  higher 
cost  of  the  bearings  over  ordinary  ones, 

,1.  Since  there  is  practically  no  wear,  the  gears  re- 
main in  alignment,  which  is  very  important  with  bevel 
gears. 

4.  Saving  in  oil. 

5.  Saving  in  attendance. 

6.  No  spilling  of  oil,  therefore  cleanliness  and  no 
danger  from  fire. 

7.  Cost  of  repairs  is  reduced  both  on  bearings  and 
on  gears. 


Sheet  and  Tin  Mill  Furnaces 

Many  Improvements  in  the  Furnaces  Used  for  Heating  and 
Annealing  Sheet  and  Tin  Have  Been  Made  During  the  Past  Few 
Years. 

By  T.  J.  COSTELLO  and  J.  H.  KNAPP 


SOME  people  outside  of  the  sheet  and  tinplate  iiidus- 
try  and  a  few  of  the  younger  ones  engaged  in  the 
trade  are  under  the  impression  that  the  manufac- 
ture in  this  country  of  sheet  and  tinplate  dates  back  to 
the  days  of  the  McKinley  tarifT  bill  of  the  late  '80's,  but 
this  is  only  true  of  tinplate ;  iron  sheets  were  rolled  in 
this  country  about  two  generations  previous  to  the  pass- 
ing of  the  McKinley  tarifT  act. 

Previous  to  1885  sheets  were  rolled  from  iron  pro- 
duced in  the  puddling  furnaces  and  the  knobbling  or 
charcoal  fire;  these  sheets  were  of  a  very  high  rust  re- 
sisting quality. 

The  method  of  rolling  iron  sheets  was  practically  the 
same  as  that  in  use  today  with  the  exception  that  the 
machinery  and  power  required  for  the  purpose  were 
much  lighter,  as  for  example,  the  rolls  of  the  iron  roll- 
ing period  were  20  inches  in  diaineter  against  the  rolls 
in  use  today  of  30  inches  in  diameter  for  rolling  steel 
sheets. 

The  tonnage  of  steel  sheets  per  mill  today  is  about 
three  times  that  of  iron  sheets  produced  on  the  lighter 
equipment  in  the  puddle  iron  days. 

As  in  every  other  field  necessity  brought  about  the 
few  changes  that  have  taken  place  in  the  sheet  rolling 


equipment,  as  it  was  soon  apparent  that  the  production 
of  steel  sheets  called  for  heavier  machinery  and  better 
furnaces.  About  1905  there  was  a  bold  efTort  made  by 
one  of  the  principal  sheet  and  tinplate  manufacturing 
companies  at  Sharon.  Pa.,  to  revolutionize  the  process 
l)y  semi-continuous  rolling.  This  method  did  not  prove 
satisfactory  and  was  abandoned  in  a  few  years,  altJiough 
there  seemed  to  be  considerable  merit  in  the  process  for 
rolling  the  heavy  gauges  at  least. 

Previous  to  1890  many  mills  produced  sheets  suffi- 
ciently flat  for  the  requirements  of  the  trade  at  that 
time  without  the  use  of  cold  rolls,  and  some  of  them 
several  years  after  the  above  mentioned  date. 

The  automobile  and  furniture  trade,  which  at .  the 
present  times  take  a  large  part  of  the  total  sheets  pro- 
duced, require,  however,  what  is  known  as  full  finished 
stock.  This  makes  the  cold  rolling  department  a  very 
important  part  of  the  operation,  also  the  furnace  and 
method  of  heating  these  highly  surfaced  sheets  is  of 
great  importance,  so  much  so  that  there  are  a  number 
of  mills  in  the  country  that  do  not  undertake  to  roll 
this  class  of  sheets,  principally  on  account  of  their  .in- 
ferior furnace  equipment.  ,     .    , 

The  stamping  and  deep  drawing  of   steel  sheets  is 
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another  branch  which  requires  special  attention  to  heat 
treatment,  it  having  been  found  that  box  annealing  is  not 
entirely  satisfactory  for  this  grade  of  sheets.  The  re- 
sult of  these  new  demands  upon  sheet  steel  manufac- 
turf.'s  has  naturally  called  for  the  advice  of  the  metai- 
lui gists  who  in  many  instances  have  traced  most  of  the 
difficulty  to  the  design  of  the  furnaces  and  the  method 
of  heat  treatment.    About  10  years  ago  improvements  in 


Fig.  1. 

the  furnace  equipment  first  started  and  since  that  time 
there  has  been  more  progress  made  in  sheet  and  tinplate 
furnaces  than  in  three  generations  prior  to  that  date. 

The  furnace  equipment  in  the  early  days  of  the  in- 
dustry was,  of  course,  hand  fired  and  hand  charged, 
being  very  wasteful  in  fuel  and  none  too  satisfactory  in 
proper  heating.  The  first  step  toward  fuel  saving  was 
the  Bailey  combination  sheet  and  pair  furnace  where  the 
sheet  arid  pair  chambers  were  built  in  a  block,  using  a 
common  fire  box,  the  pair  chamber  being  behind  the  sheet 
chambers  and  between  the  sheet  chambers  and  the  fire 
box. 

While  this  unit  was  a  fuel  saver,  it  had  many  disad- 
vantages, the  main  one  being  that  fire  must  be  generally 
controlled  to  satisfy  the  sheet  chambers  and  therefore' 
the  pair  heater  must  go  along  as  best  he  can  and  in 
most  cases  this  does  not  result  in  very  satisfactory  heat- 
ing of  the  pairs,  generally  causing  excessive  scaling  and 
non-uniformity  of  heating. 

While  the  reheating  of  the  sheets  does  not  readily 
lend  itself  to  a  continuous  heating  operation,  the  heat- 
ing of  the  pairs  does  and  the  first  step  in  the  direction 
of  a  continuous  unit  for  giving  a  clean  and  more  uniform 
heating  of  the  sheet  bars  was  the  Allis  continuous  pair 
furnace.  This  furnace  was  put  in  operation  at  Middle- 
town,  Ohio,  by  the  American  Rolling  Mill  Company  in 
1911  and  since  that  time  it  has  been  adopted  by  a  great 
many  modern  sheet  and  tinplate  plants.  While  about 
even  with  the  hand  charged  furnace  in'  fuel  consump- 
tion, the  first  cost,  floor  space  required  and  maintenance 
cost  seemed  to  outweigh  its  good  points  with  many 
manufacturers.      In,   the    Allis    continuous    furnace    the 


sheet  bars  were  pushed  through  the  t'urnace  lengthwise, 
lying  in  grooves  on  a  cast  iron  bottom. 

The  next  improvement  in  furnaces  for  heating  pairs 
continuously  was  the  Costello  continuous  pair  furnace. 
This  furnace  developed  about  three  years  ago  and  was 
first  put  into  operation  in  August,  1920,  at  the  plant  of 
the  Superior  Sheet  Steel  Company,  Canton,  Ohio.  In 
this  continuous  pair  furnace  the  bars  are  pushed  through 
the  furnace  standing  on  edge  and  they  travel  on  skids 
made  of  3-inch  round  merchant  bars.  Fig.  1  shows  sec- 
tional views  of  one  of  these  furnaces.  It  will  be  noted 
from  the  cut  that  the  gases  travel  over  the  top  of  the 
sheet  bars,  reach  the  end  of  the  furnace  and  then  double 
back  and  pass  through  a  flue  underneath  the  bottom  of 
the  bars,  the  bars  themselves  acting  as  the  dividing  wall 
between  the  two  gas  passages.  The  burrs  caused  by 
shearing  the  bars  and  the  unevenness  of  the  bars  them- 
selves act  as  spacers  which  hold  each  bar  slightly  away 
from  its  neighbor.  This  gives  a  slight  space  which 
allows  gas  to  percolate  through  between  the  bars  and 
gives  a  very  uniform  heat  without  scale. 

The  use  of  the  furnace  gases  both  on  top  of  and 
underneath  the  bars,  giving  twice  the  travel  to  these 
gases  in  contact  with  the  material  before  they  leave  the 
furnace  greatly  decreases  the  fuel  consumption,  also  the 
pushing  of  the  bars  through  on  edge  makes  possible  a 
much  smaller  heating  chamber  for  the  same  tonnage  as 
compared  with  the  Allis  furnace.  This  again  means  a 
saving  in  fuel. 

Due  to  the  smaller  chamber  size  and  the  details  of 
construction  the  first  cost  of  this  type  of  continuous  fur- 
nace is  very  little  more  than  the  first  cost  of  the  old  type 
hand  charged  unit;  the  floor  space  is  considerably  less 


Fig.  2. 

and  the  upkeep  or  maintenance  is  exceedingly  small,  the 
actual  expense  per  furnace  having  run  $150.00  per  year. 
An  interesting  fact  in  regard  to  this  design  of  con- 
tinuous pair  furnace  is  that  it  can  in  some  cases  be  readily 
built  in  side  of  the  present  hand  charged  or  continuous 
furnace  at  very  little  expense  and  without  tearing  down 
the  present  furnace  equipment ;  this  is  due  to  the  much 
smaller  hearth   area    required    for   this    furnace   and   to 
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the  method  of  charging  and  discharging  the  bars.  Fig.  2 
shows  a  view  of  the  Costello  continuous  pair  construc- 
tion built  inside  a  continuous  furnace  of  another  type. 
The  heavy  section  lines  show  the  new  brick  work  and 
the  lighter  lines  the  original  furnace. 

As  an  example  of  this  is  a  layout  of  one  double 
chamber  continuous  pair  furnace  and  two  double 
chamber  sheet  furnaces  in  a  floor  space  42x48  feet.  This 
is  the  furnace  equipment  for  two  mills  and  this  arrange- 
ment saves  one  complete  20-foot  bay  of  a  building  over 
any  other  continuous  or  hand  charged  types.  This  means 
that  in  an  eight-mill  plant  four  bays  or  80  feet 
of  foundation,  80  feet  of  bedplate  and  80  feet 
of  spindles,  which  naturally  total  to  quite  an 
item  in  the  first  cost  of  a  new  mill,  are  saved. 
This  furnace  has  proved  itself  very  economi- 
cal as  to  fuel  consumption  and  on  hand  fired 
units,  in  an  eight-mill  plant,  shows  a  fuel 
consunnption  of  from  175  to  225  pounds  of 
coal  per  ton  depending  on  the  tonnage  and  the 
gauge  being  rolled.  A  three  months  average 
for  both  sheet  and  pair  heating,  taking  in  light 
and  heavy  gauges,  showed  a  total  consumption 
of  385  pounds  per  ton  of  finished  product 
from  both  the  sheet  and  pair .  furnaces,  and 
as  sheet  furnaces  were  of  standard  type  this 
low  figure  was  due  to  the  economy  of  the  pair 
furnaces. 


improvements  that  could  be  made  in  sheet  furnace,  al- 
though it  is  possible  that  some  day  a  continuous  sheet 
furnace  will  be  devised  that  can  be  fitted  satisfactorily 
into  a  mill  layout. 

After  the  pair  furnace  and  sheet  furnace,  we  come  to 
the  annealing  operation  or  the  final  heating  operation  on 
the  sheets.  The  great  bulk  of  sheet  steel  made  in  the 
country  today  is  annealed  in  boxes  and,  depending  on 
the  finish  desired,  gas  muffled  or  not.  The  annealing  of 
the  sheets  in  boxes  is  an  operation  which  lends  itself 
readily  to  a  continuous  furnace  where  the  production  is 


Fig.  3. 


Insulation  of  sheet  and  pair  furnaces  seems  to  have 
been  entirely  disregarded,  but  as  fuel  economy  becomes 
m,ore  and  more  important  the  insulation  of  sheet  and 
pair  furnaces  is  an  item  which  will  not  be  overlooked  by 
up-to-date  plant  managers. 

In  the  Costello  continuous  pair  furnace  a  layer  of 
2^  inches  of  high  grade  insulation  over  the  main  arch 
results  in  a  saving  of  fuel  of  about  30  pounds  of  coal 
per  ton  of  sheet  bar  heated,  when  the  furnace  is  oper- 
ating on  full  tonnage  of  average  size  sheets.  The  sav- 
ing on  a  sheet  furnace,  operating  under  the  same  condi- 
tions, would  amount  to  about  8  pounds  per  ton,  or  a  total 
of  11  pounds  of  coal  per  ton  of  sheets.  The  first  cost 
of  insulation  generally  looks  high  to  the  average  sheet 
mill  manager,  but  under  ordinary  conditions  and  aver- 
age prices  for  material,  labor  and  coal,  the  actual  sav- 
ing can  be  readily  figured  and  it  will  be  found  that  or- 
dinarily the  insulation  of  the  arches  alone  on  sheet  and 
pair  furnaces  will  have  paid  for  itself  in  fuel  saved  in 
less  than  two  years  time. 

On  sheet  furnaces  there  has  been  very  little  change 
in  design  or  construction  except  in  minor  details.  Due 
to  the  method  of  handling  the  material,  a  continuous  fur- 
nace of  any  type  seems  an  impracticability  for  this  heat- 
ing  operation   and   therefore  there   are   no  considerable 


fairly  constant  of  the  same  size  and  tonnage  of  sheets 
as  in  the  tinplate  industry.  In  a  number  of  the  larger 
plants  in  this  country  continuous  furnaces  have  been  in- 
stalled for  this  work.  In  the  sheet  industry,  however, 
where  the  sizes  vary  considerably  and  the  time  element 
of  differently  charged  boxes  changes,  a  continuous  fur- 
nace is  not  as  readily  adaptable,  but  in  many  instances 
could  be  used  at  a  very  great  saving  in  fuel. 

A  large  majority  of  the  installations  in  the  country 
at  the  present  time,  however,  are  the  single  or  double 
box  type  furnace  where  the  boxes  are  placed  in  the  fur- 
nace, brought  up  to  temperature  and  then  allowed  to 
cool.  This  naturally  is  wasteful  operation  as  all  of  the 
heat  required  for  bringing  up  the  furnace  itself  is  lost 
each  time,  whereas  in  a  continuous  furnace  the  heat  re- 
quired to  bring  the  furnace  up  is  only  expended  once  and 
then  all  the  heat  used,  except  that  lost  by  radiation  from 
the  furnace  walls  and  through  the  fuel,  is  the  amount  re- 
quired to  heat  the  material. 

About  15  years  ago  there  were  some  experiments 
carried  on  in  open  annealing  and  while  these  were  not 
entirely  successful,  they  led  to  the  designing  early  in  1913 
of  what  is  known  as  the  Costello  continuous  open  an- 
nealing furnace,  three  of  which  were  installed  by  the 
Otis  Steel  Company,   Cleveland,   Ohio.    Since  that  time 
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many  of  the  more  modern  plants  that  have  been  built 
have  adopted  this  type  of  furnace  for  open  annealing  in 
connection  with  the  jobbing  mill. 

The  question  of  open  annealing  sheets  in  gauges  from 
16  to  24  is  the  latest  problem  which  has  been  presented 
to  the  furnace  designer  by  the  steel  plant  metallurgists. 
It  has  been  found  that  the  box  annealed  sheets  do  not 
give  the  results  desired — deep  drawn  stock,  for  some 
grades  of  automobile  work  and  as  what  is  necessary  is 
not  an  annealing  but  actually  a  normalizing  operation. 
Quite  a  number  of  plants  are  at  the  present  time  open 
annealing  or  normalizing  sheets  in  gauges  from  16  to 
24  in  furnaces  similar  to  their  present  sheet  furnaces  and 
in  fact  in  some  plants  this  work  is  done  in  a  sheet 
furnace.  A  continuous  furnace  for  this  work  is  entirely 
feasible  and  one  of  a  very  suitable  design  is  shown  in 
Fig.  3. 

In  this  furnace  the  sheets  are  carried  on  discs  made 
from  special  heat  resisting  alloy  material  as  the  tempera- 
ture, required  for  some 'of  the  normalizing  work,  is 
higher  than  the  point  at  which  cast  iron  discs  will  stand 
up   satisfactorily   for  any  great  time      These  discs  are 


properly  spaced  and  shaped  so  that  the  light  gauge  sheets 
will  be  satisfactorily  carried  through  the  furnace.  This 
ty]ie  of  furnace  is  undertired,  using  either  oil  or  gas  as 
fuel.  Combustion  is  complete  in  the  chamber  underneath 
the  hearth  of  the  furnace  and  the  sheets  receive  their  heat 
by  radiation  and  convection  from  both  the  top  and  the 
bottom.  .\n  absolute  control  of  the  atmosphere  inside 
of  the  furnace  can  be  maintained  so  that  there  is  no 
danger  of  oxidizing  or  scaling  the  sheets  in  the  furnace. 
An  automatic  temperature  control  device  can  be  satis- 
factorily applied  to  such  a  furnace  so  that  it  can  be  set 
for  a  desired  temperature  and  this  device  without  atten- 
tion from  the  operator  will  maintain  the  furnace  at  the 
proper  point  and  insure  correct  normalizing  of  the 
sheets.  The  time  of  treatment  can  be  varied  bv  the 
speed  of  rotation  of  the  rolls. 

As  the  most  important  changes  and  improvements  in 
furnace  design  and  practice  have  occurred  within  the  last 
10  years  and  as  the  industries  are  rapidly  expanding 
undoubtedly  still  further  development  along  these  lines 
can  be  looked  for  in  the  future. 


Description  of  a  Pressed  Steel  Plant 

Brief  History  of  the  Reorganization  of  the  Sharon  Pressed  Steel 
Company  at  Sharon,  Pa. — It  Is  Equipped  to  Manufacture  and 
Assemble  Heavy  Pressed  Steel  Products — Routing  and  Handling. 


THE  Sharon  Pressed  Steel  Company  wras  organ- 
ized in  June,  1919,  with  an  authorized  capitaliza- 
tion of  three  million  dollars  in  7  per  cent  preferred 
stock  and  three  million  dollars  in  common  stock,  all 
having  a  par  value  of  $100.00  per  share.  The  com- 
])any  took  over  the  properties  and  patents  of  the  Hy- 
draulic Drawn  Forging  Co.  of  Ellwood  City,  Pa.,  and 
purchased  from  the  Blaw-Knox  Company  of  Pitts- 
burgh its  modern  plant  at  Sharon,  Pa. 

The  Hydraulic  Drawn  Forging  Co.  had  purchased 
from  Follansbee  Bros,  of  Pittsburgh  a  concern  known 
as  the  Pressed  Steel  Truck  Co.,  with  patents  and  ma- 
chinery for  the  manufacture  of  the  "Atlas"  line  of 
pressed  steel  trucks,  trailers  and  other  equipment  for 
industrial  transportation. 

The  Blaw-Knox  Company  was  a  merger  of  the 
Blaw  Construction  Co.  with  plant  and  equipment  at 
Hoboken,  Pa.,  manufacturing  steel  concrete  forms  and 
structural  steel,  and  the  Knox  Pressed  and  Welded 
Steel  Co.  located  at  Sharon,  Pa.,  in  the  buildings  now 
occupied  by  the  Sharon  Pressed  Steel  Co.  .  Upon  com- 
pletion of  this  merger,  in  order  to  reduce  overhead  and 
consolidate  production,  a  large  part  of  the  Sharon 
equipment  was  moved  to  the  Hoboken,  Pa.,  plant. 
Contracts  were  let  to  completely  dismantle  the  Sharon 
plant  when  Messrs.  McGill  and  Mclntyre,  with  several 
other  influential  Sharon  people,  took  steps  to  save  the 
industry  for  Sharon.  The  result  was  the  organization 
of  the  Slick-Knox  Steel  Co.  which  acquired  the  Knox 
plant  at  Sharon  and  took  over  at  the  same  time  the 
Hydraulic  Drawn  Forging  Co.  The  plant  of  the  lat- 
ter concern  at  Ellwood  City — which,  during  the  war, 
was  engaged  in  the  production  of  air  craft  engine  cylin- 


ders and  forgings — was  sold,  and  activities  centered  at 
the  Sharon  plant. 

On  March  1st,  1921,  the  Company  was  taken  over 
for  refinancing  and  reorganization  by  Messrs.  Harry 
W.  Torney  of  Torney  and  Co.  Inc.,  Albert  W.  Morris, 
formerly  of  the  Harley  Co.,  and  Arthur  E.  Swan,  for- 
mer works  manager  of  the  Crucible  Steel  Co. 

Product. 

The  Company  maiuifactures  a  complete  line  of 
heavy  pressed  steel  products,  including: — automobile 
and  motor  truck  frames,  brake  drums,  step  hangers, 
torque  arms,  clutch  discs,  and  other  parts;  pressed 
steel  hand  trucks,  trailers,  dead  skids,  and  other  special- 
ties for  industrial  transportation ;  pressed  steel  car 
roofs,  car  ends,  and  journal  box  covers ;  and  a  great 
diversity  of  industrial  parts  and  fittings  in  pressed 
steel. 

Location  and  Geographical  Advantages. 

The  plant  is  located  at  Wheatland,  Pa. — a  village 
on  the  southwestern  edge  of  the  city  of  Sharon — about 
60  miles  north  of  Pittsburgh  and  some  16  miles  east  of 
Youngstown,  Ohio.  This  location,  in  the  very  heart 
of  the  steel  producing  district,  is  within  easy  reach  of 
every  source  of  raw  material  requisite  to  the  Com- 
pany's purposes.  The  lines  of  the  Pennsylvania,  Erie, 
and  New  York  Central  Railroads  pass  the  property, 
providing  every  facility  for  quick  shipment  north,  east, 
south  or  west.  The  character  of  the  population  of 
Sharon  has  enabled  the  Company  to  operate  with 
American  workmen  selected  for  their  skill,  experience 
and  intelligence,  and  unusually  free  from  disturbing 
factors  in  labor  matters. 
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View  of  the  Sharon  Pressed  Steel  Company  at  Sharon,  Pa. 


Property. 

fhe  property  lines  of  the  Sharon  plant  enclose  an 
area  of  about  93  acres,  every  foot  of  which  is  econom- 
ically available  for  factory  purposes.  The  plant  build- 
ings, including  manufacturing  space  and  storage  ca- 
pacity for  raw  materials  and  finished  parts,  total  ap- 
proximately 30  acres  in  area.  These  buildings,  while 
compactly  grouped,  are  so  placed  that  extensions  and 
expansion  can  be  had  in  four  directions  without  sacri- 
fice of  efficient  arrangement.  The  plant  lay-out  is  de- 
signed for  maximum  production  at  minimum  cost,  by 
economical  routing  and  labor-saving  methods  of  hand- 
ling work  and  materials.  A  siding  entering  the  Com- 
pany property  from  the  adjacent  railroad  tracks  has 
two  branches — one  entering  the  main  building  at  the 
eastern  end — the  other  skirting  the  main  building  and 
the  assembly  building  at  the  western  end,  with  a  branch 
serving  the  scrap  bins,  boiler  house  and  oil  tanks. 

Buildings. 

The  main  building,  housing  the  pressed  steel  and 
hydraulic  forging  departments,  is  of  steel  frame  and 
corrugated  iron  construction.  Its  dimensions  are 
500x115  feet;  and  concrete  piers  are  in  place  for  an 
extension  of  150  feet  at  both  the  north  and  south  ends. 
The  main  span  of  70  feet  is  served  by  three  S-ton  and 
one  15-ton  travelling  cranes;  the  secondary  bay,  or 
lean-to,  with  a  width  of  45  feet,  has  a  15-ton  travelling 
crane. 

Immediately  west  of  the  main  building,  and  sepa- 
rated from  it  by  a  storage  yard  60  feet  wide,  is  the 
machine  shop  housing  the  machine  shop,  tool  making 
department,  and  hydraulic  accumulators,  pumps  and 
air  compressors.  This  building  is  of  brick  and  steel 
construction,  250x75  feet,  with  Aiken  type  roof  and 
travelling  crane.  The  storage  yard  adjacent  is  also 
served  by  a  15-ton  travelling  crane. 

The  assembly  building,  300  x  150  feet,  lies  south  of 
the  machine  shop  and  joins  the  main  building  at  its 
eastern  end.  This  also  is  of  brick  and  steel  construc- 
tion, with  Aiken  type  roof,  and  houses  the  frame  as- 
sembly and  the  department  of  industrial  trucks,  trail- 
ers, etc.  It  is  paralleled  on  its  southern  side  by  a  30-foot 
concrete  loading  platform  with  railway  track  alongside. 

In  addition  to  these  main  structures,  the  plant  in- 
cludes the  office  building,  boiler  house,  time-keepers' 


office,  pattern  shop  and  pattern  storage  and  large 
garage.  The  Company  has  its  own  water  supply  sys- 
tem and  sewage  disposal  plant. 

Machine  Equipment. 

The  plant  is  electrically  driven  throughout,  power 
being  purchased  from  the  local  public  service  entering 
the  factory  grounds  at  high  voltage  and  being  stepped 
down  in  the  private  transformer  house.  Every  piece 
of  machinery  in  the  plant  is  driven  by  its  own  electric 
motor — an  arrangement  which  minimizes  delays  due 
to  any  causes  short  of  a  complete  failure  of  the  power 
supply. 

While  space  forbids  a  listing  of  the  complete  ma- 
chine equipment,  the  following  units  are  of  outstanding 
interest  because  of  their  size;  and  they  are  indicative 
of  the  capacity  of  the  plant  for  the  largest  and  most 
diversified  work  in  heavy  steel  pressing.  Heading  the 
list  comes  the  4000-ton  Mesta  hydraulic  rail  press — 
a  unit  designed  and  built  for  the  Sharon  plant  and 
probably  the  largest  press  ever  produced.  Second  in 
size  and  capacity  stands  the  1800-ton  Kilby  hydraulic 
rail  press.  Other  notable  units  are  : — a  1000-ton  South- 
wark  hydraulic  press;  an  800-ton  Williams  White  rail 
blanking  press  and  18-ft.  Shear;  a  500-ton  Southwark 
hydraulic  press;  a  250-ton  Hazel  hydraulic  press;  and 
a  125-ton  Southwark  hydraulic  press;  a  125-ton  Ferra- 
cute  crank  press.  Supplementing  these  heavy  units 
are  batteries  of  crank  presses,  shears,  punches  and 
power  hammers  in  great  variety  and  covering  every 
possible  requirement.  Practically  all  of  this  equipment 
is  housed  in  the  main  building. 

In  the  machine  shop  there  is  an  exceptionally  com- 
plete lay-out  of  lathes,  planers,  drill  presses,  etc.,  spe- 
cially adapted  to  the  exacting  work  of  tool  and  die 
making,  as  well  as  for  the  production  of  such  machined 
parts  as  are  included  in  the  assembly  of  the  pressed 
steel  products  which  make  up  the  factory  output. 

Routing  and  Handling. 

Incoming  stock  is  received  and  stored  at  the  most 
advantageous  points  in  the  plant,  being  unloaded  direct 
from  railroad  cars  to  storage  space.  Thence  it  is 
handled  by  travelling  cranes  throughodt  the  plant 
along  the  shortest  route  and  lines  of  least  resistance, 
so  that  "lost  motion"  is  eliminated,  handling  costs 
minimized,  and  production  kept  at  top  speed. 
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As  the  business  is  fundamentally  that  of  manufac- 
turing in  quantity  and  delivering  under  stated  sched- 
ules, the  importance  of  efficient  routing  and  handling 
cannot  be  over-estimated  ;  and  the  plant  is  designed  and 
operated  to  conform  with  these  exacting  requirements. 

Inspection. 

The  major  part  of  the  output  is  made  according 
to  customer's  specifications,  and  consists  of  a  product 
not  merely  fabricated  but  completely  assembled. 
Should  a  Sharon  product  be  rejected  and  returned  by 
the  customer  it  is  —  generally  speaking — a  total  loss 
except  for  its  scrap  value.  Herein  lies  the  explanation 
of,  and  the  necessity  for,  the  exceptionally  thorough 
system  of  inspection  in  effect. 

This  inspection  begins  with  a  test  of  the  raw  ma- 
terial as  received  from  the  mill,  to  see  that  it  conforms 
with  specifications  both  as  to  chemical  and  physical 
properties.  And  from  then  on,  through  every  stage  of 
forming,  machining,  fabrication  and  assembling,  every 
step  is  under  the  watchful  eye  of  trained  inspectors  and 
every  operation  checked  by  the  most  careful  standards. 
And  to  this  painstaking  care  is  due  in  large  measure 
the  high  repute  of  Sharon  products  for  uniformitj-  of 
dimensions  and  quality,  and  for  exact  conformity  with 
the  customer's  specifications. 

Heat  Treatment  and  Hardness  Testing. 

Many  products — notably  the  automobile  and  truck 


frames — are  given  special  heat  treatment  in  order  to 
assure  the  utmost  in  the  way  of  structural  strength  and 
resistance  to  deterioration  in  service. 

The  steels  used  vary  in  their  character  according 
to  customer's  specifications.  The  processes  of  press- 
ing, bending  and  shearing  through  which  they  pass 
give  rise  to  internal  stresses  which,  if  not  relieved, 
would  materially  alter  the  physical  characteristics  of 
the  material  and  weaken  the  structure. 

The  function  of  heat  treatment  is  to  relieve  these 
stresses  and  to  restore  the  material  to  its  original  con- 
dition of  maximum  strength.  While  the  process  is 
simple  in  principle,  it  is  made  extremely  complex  in 
actual  practice  by  the  many  variable  factors  determined 
by  the  character  of  the  steel  supplied  and  the  processes 
through  which  it  passes.  Experts  who  have  specialized 
in  heat  treatment  know  the  proper  temperatures  and 
the  proper  times  to  be  used,  not  only  in  the  heating 
furnaces  but  in  the  ouenching  baths  as  well.      ' 

Where  a  certain  standard  of  steel  hardness  is  called 
for  in  the  specifications,  every  piece  of  steel  is  tested 
before  assembly,  by  means  of  a  scleroscope ;  and  the 
reading  is  marked  on  the  piece  or  recorded  for  future 
reference. 

Factory  Organization. 

The  following  brief  outline  of  the  departmental 
organization  mav  be  of  interest — the  functions  of  each 


Layout  of  pressed  steel  plant  showing  location  and  arrangement  of  various  departments. 
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The  machine  shop  of  the  Sharon  Pressed  Steel  Company  is  exceptionally  well  equipped.     Each  piece  of  machinery 

is  driven  by  its  own  electric  motor. 
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A  4,000-ton  Mesta  hydraulic  rail  press,  especially  designed 
for  this  plant.  It  is  probably  the  largest  press  ever 
produced. 

department  being  fairly  indicated  by  its  name: 

Drafting  Department. 
Purchasing  Department. 
Materials  Department. 
Production  Department. 
Tool  Department. 
Machining  Department. 
Die  Storage. 

Pressed  Steel  Department. 
Inspection  Department. 
Heat  Treating  Department. 
Pattern  Department. 
Maintenance  Department. 

The  present  organization  includes: 

H.  W.  Torney  of  Torney  &  Company,  President : 
A.  E.  Swan,  General  Manager ;  W.  A.  Groetzinger, 
Assistant  General  Manager;  T.  A.  Pierce,  Assistant 
Treasurer;  R.  B.  Reid,  Sales  Manager. 


The  working  organization  of  the  plant  is  headed  by 
H.  W.  Zellman,  who  was  formerly  with  the  Hydraulic 
Pressed  Steel  Company,  and  who  is  general  superin- 
tendent of  the  plant. 

J.  Curtis  is  superintendent  of  Pressed  Steel  Dept., 
and  Herman  Miltenberger  is  in  charge  of  heat  treating 
and  inspection. 


A.   M.   BYERS   COMPANY   MAKES 
IMPROVEMENTS 

A  self-supporting  stack  to  take  care  of  the  hot  blast 
stoves  has  been  built  for  the  blast  furnace  at  Girard, 
Ohio,  of  the  A.  M.  Byers  Company,  Pittsburgh.  Atjthe 
bottom  the  stack  is  14  ft.  inside  diameter,  tapering  in 
45  ft.  to  8  ft.  ^  in.  in  diameter  and  continuing  at  this 
diameter  for  180  ft.,  or  a  total  height  of  225  ft.  It  is 
provided  with  a  coping  ring  on  top  for  keeping  the  mois- 
ture off  the  brick  lining,  also  with  a  ladder  and  safety 
cage  of  such  construction  that  the  workman  climbs  be- 
tween the  ladder  and  the  stack.  In  other  words,  there  is 
a  bar  frame  work  extending  from  the  ladder  to  the  stack, 
creating  a  cage ;  ordinarily,  there  is  a  space  between  the 
ladder  and  the  stack,  and  the  safety  cage  is  on  the  out- 
side of  the  ladder. 

The  16  foundation  bolts  are  3  in.  in  diameter,  and 
they  extend  through  a  U-shaped  bracket  forged  from 
one  solid  piece  ,of  5^-in.  plate  These  brackets  are  4  ft. 
high.  The  stack  was  built  by  the  Sharpsville  Boiler 
Works  Company,  SharR.sville,  Pa. 


CONVENTION  ANNOUNCED 

The  twenty-fifth  annual  meeting  of  the  American 
Society  for  Testing  Materials  will  be  held  on  June  26- 
July  1,  1922,  at  Atlantic  City,  N.  J.,  with  headquarters 
at  Chatfonte-Heddon  Hall  Hotel. 
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Steel  Works  Power  Plant  Management 

Permanent  Statistics  for  the  Power  Plant — Pocket  Note  Book 
Records  Should  Be  Destroyed  and  Statistics  Kept  in  a  Permanent 
Way. 

By   ROBERT  JUNE,  Mechanical  Engineer 


COMPLETE  permanent  specifications  of  equip- 
ment, properly  filed,  are  not  found  in  as  many 
modern  power  plants  as  they  should  be.  This  is 
due  rather  to  some  neglect  or  lack  of  knowledge  of 
how  to  proceed  to  keep  these  statistics  in  good  shape 
rather  than  to  lack  of  appreciation  of  their  importance. 
It  is  indeed  unusual  to  find  the  plant  in  which  the 
operating  engineers  do  not  have  some  statistics  written 
down  in  their  pocket  note  books.  Every  one  will  agree 
that  the  pocket  note  book  is  not  the  place  for  this 
data.  It  should  be  kept  in  a  formal  manner  and  the 
records  should  be  available  at  all  times  regardless  of 
changing  plant  personnel. 

The  keeping  of  accurate  specifications  of  equip- 
ment installed,  greatly  facilitates  the  making  of  re- 
pairs. It  is  of  great  value  when  the  new  engineer 
comes  on  the  job,  and  it  has  a  very  important  func- 
tion in  the  adjustment  of  fire  losses,  should  such  occur. 

The  presentation  of  specifications  of  equipment 
not  only  serves  as  an  accurate  inventory  of  the  con- 
tents of  the  plant  but  strengthens  the  case  for  the 
owner  and  is  particularly  valuable  when  the  owner 
has  gone  to  considerable  expense  to  maintain  old  equip- 
mtent  lost  in  a  fire.  Moreover,  in  the  event  of  a  fire, 
such  of  the  old  equipment  as  it  is  desirable  to  replace, 
can  be  ordered  without  an  instant's  loss  of  time.  The 
completeness  of  the  specifications  should  increase  with 
the  value  of  the  investment  in  the  plant. 

Power  Plant  Building. 

Figure  I  indicates  the  desired  specification  data  on 
the  power  plant  building.  This  form  is,  of  course,  sub- 
ject to  some  modifications,  depending  on  the  individual 
structure.  However,  all  of  the  information  contained 
in  this  form  should  be  filed  in  ordinary  cases,  and  if  the 
building  is  large,  additional  information  will  suggest 
itself. 

This  information  is,  of  course,  of  great  value  in 
connection  with  the  plan  of  new  buildings  and  addi- 
tions, and  is  also  of  value  to  the  accounting  department 
in  setting  up  depreciation  reserves. 

As  an  illustration  of  the  value  of  these  records,  let 
us  suppose  that  we  want  to  construct  an  additional 


building.  The  specification  data  tells  us  where  we  can 
match  the  cut  stone  or  terra  cotta  trim  of  the  original 
building.  If  new  equipment  is  to  be  installed,  we  can 
tell  by  immediate  reference  to  this  sheet  what  the  per- 
missible floor  load  is.  If  any  of  the  materials  of  con- 
struction, such  as  roofing,  becomes  defective,  we  can 
readily  tell  who  the  manufacturers  were  and  ascertain 
at  once  whether  a  guarantee  has  been  made  to  cover 
the  life  of  this  particular  part.  If  we  get  unusually 
good  service  out  of  flooring,  painting  or  roofing,  and 
wish  to  use  the  same  specifications  in  another  building, 
we  can  get  the  data  from  this  sheet. 

Figure  I. 

POWER   PL.\NT  BUILDING  DATA. 
Dimensions — 

Length Width Height 

Type  of  construction — 

Steel,  concrete,  wood,  combination 

Name  of  general  contractor 

Name  of  excavating  contractor 

Foundation  down  to  elev 

Kind  of  soil  with  permissable  load 

Floor  loads  permissable— 

Engine  room Basement 

Boiler  room 

Masonry    contractors    

Cu.  yd.  of  concrete  and  proportion  used — 

Foundation Yd.  prop 

Walls Floors 

Structural  Steel  fabricated  by 

Lb.  of  steel — Reinforcing Structural 

Common  brick M. 

Face  'brick M.    Manufactured  by 

Enameled  brick M.     Manufactured  by..- 

Cut  stone cu.  ft.     Manufactured  by 

from Quarry. 

Sash— Wood Steel 

Manufactured   by 

Terra  cotta  cu.  ft Type  of  roof 

Guarantee Manufactured  by 

Ventilators Manufactured  by 

Lighting  type Manufactured  by 
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Plumbing  and   heating Installed  by . 

Glazing'. Installed  by 

Painting Installed  by 

Floor  preservative Done  by 

Guarantee Manufactured  by .  .  . . 

Completed   Total  cost .  . . 


Boiler  Data. 

The  boiler  room  is  often  the  heart  of  the  entire 
j)lant.  If  something  goes  wrong  with  the  boiler,  it 
affects  progress  in  all  departments.  We  need  to  have 
complete  information  regarding  the  boilers  available 
at  all  times.  True,  we  usually  have  blueprints,  or 
ought  to  have  them.  The  actual  installation,  in  some 
instances,  may  vary  from  the  blueprints,  but  there  is 
a  certain  amount  of  information  regarding  the  boilers 
to  be  obtained  from  the  specifications  furnished  by  the 
manufacturers.  It  is  possible  to  put  all  this  informa- 
tion in  one  place  and  on  a  single  sheet.  Fig.  II. 

Figure  II. 

BO'ILER  DATA. 

Plant  No Builders  No 

Location    

Manufactured    by 

Factory  address 

Nearest  office   address 

Man  to  call  regarding  repairs 

Phone Date  installed 

By  whom 

Type Weight  boiler Weight  water 

Tubes,  No Diameter.... Length 

Made  of Steam  pressure  gauge 

Safety  valve — 

Pressure.......  Type Diameter Number 

Steam  space,  sq.  ft Water  space,  cu.  ft 

Heating  surface,  sq.  ft Superheating  (surface,  sq.  ft 

Area  of  grate Type  of  grate  or  stoker 

Rated  horsepower   

Ratio  of  heating  surface  to  grate  area 

No.  of  steam  drums Dia.  of  steam  drums,  in.' 

Thickness  of  shell,  in Thickness  of  head,  in 

Type  of  joints Dia.  of  steam  nozrle  in 

Dia.  of  blowoff,  in ,. .  Dia.  of  feed  pipe,  in 

Temperature  of  feed  water Type  draft 

Maximum  draft Height  of  setting 

Length  of  setting .Thickness  of  walls 

No.  of  fire  brick No.  of  common  brick 

Distance  between   batteries 

Distance   from   bacik    of   boiler   to   wall 

Distance  from  front  of  'boiler  to  wall 

Manufacturer's  guarantee    

Combined  boiler  efficiency — 

100%  rating 200%  rating 300%  rating 


Economizer  Data. 

If  economizers  are  installed  in  connection  with  our 
boilers,  we  want  the  data  concerning  them  to  be  as 
readily  available  as  that  of  the  boilers.  If  economizers 
are  equipped  with  scrapers,  there  is  frequent  need  to 
make  replacements,  and  we  also  want  the  manufac- 
turers to  guarantee  this  equipment  for  us  so  that  we 
can  check  up  the  performance  of  the  equipment.  Fig- 
ure III  gives  this  essential  information. 

Figure  III. 

F;CONOMIZBR  DATA 

Plant  No Builders  No 

Location    

Manufactured   by 


Factory    address 

Nearest  office  address 

Man  to  call  regarding  repairs , 

Phone Date  installed 

By  whom    

Type Weight  economizer Weight  water 

Tubes,  No Diameter Length Made  of 

Heating  surface  per  sq.  ft.  boiler  heating  surface,  sq.  ft 

Heating  surface  .per  boiler  horsepower  (34.5  lb.  water  per  hr.) 

rated  capacity,  sq.  ft 

Cleaning:     If  by  scrapers. 

Type  motor H.  P AjC  or  D.C Voltage 

R.P.M Make  motor 

From  whom   purchased 

Name  and  address  to  call  regarding  repairs 

Cleaning:     If  by  mechanical  soot  blowers. 

Make  of  soot  blower Type 

No.  of  units Size  riser  pipe Size  header 

'Make  and  size  of  valves 

Name  and  address  to   call  regarding  repairs 

Manufacturer's  guarantee: 

Feed  water  lbs.  per  hr Temperature 

leaving  economizer  when  entering  at  180  deg.  F 

Gas  temperature  entering  deg.   F 

Gas  temperature  leaving  deg.  F 

Gas  temperature  difference 

Soot  Blower  Data. 

The  economical  soot  blower  insures  high  boiler 
efficiency  and  they  save  fuel.  They  are  an  essential 
part  of  our  equipment  and  it  is  extremely  important 
that  we  should  keep  the  blowers  in  the  best  operating 
conditions  at  all  times.  A  sheet  made  out  in  accord- 
ance with  Figure  IV  gives  us  all  of  the  essential  data 
on  this  important  piece  of  equipment. 

Figure  IV. 
SOOT  BLOWER  DATA. 

iBoiler  No 

Location    

Manufactured   by 

Factory   address 

Nearest  office  address 

Man  to  call  regarding  repairs 

Phone... « Date   installed 

By    whom 

Type Trade   name 

Number  of  calorized  units 

Number  of  plain  units 

Diameter  of  header 

Diameter  o'f  risers 

Diameter   of  drains 

Location  of  units  (see  blue  prints) 

Diameter  of  nozzles 

Type    of   nozzles 

Make  of  main  valve 

Make   of  individual   valves 

Condenser  Data. 

In  Figure  V  we  have  a  typical  figure  to  keep  our 
condenser  statistics.  Here  we  have  all  the  necessary 
data  on  length,  diameter,  and  thickness  of  tubes,  data 
on  circulating,  dry  vacuum  and  hot  well  pumps,  ca- 
pacity of  the  condenser,  etc.  This  information  is  of 
great  value  to  the  operating  force. 
Figure  V. 
CONDENSER  DATA. 

Plant  No Building  No 

Location    
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Manufactured    by 

Factory  address 

Nearest   office  address 

Man  to  call  regarding  repairs 

Phone Date  instalK-d 

By   whom .' 

Type Weight   condenser 

Weight  water Tubes.   No O. 

Diameter Thickness Length 

Made  of Cap.  lb.  steam  per  hr. 

at in.  vac.  and  cooling  water  at deg.  F. 

Steam  condensed  per  sq.  ft.  of  surface,  lb 

Total  tube  surface  per  condenser,  sq.  ft 

Manufacturer's  guarantee: — With..... gal.   70  deg  ctr. 

water,   vacuum  in   condenser in 

Hot  well  temperature Cross  sectional  area 

intake   tunnel sq.   ft Discharge   tunnel. ..  .sq.  ft. 

Circulating    pumps : — Type 

Manufactured    by 

Address 

Size Capacity,  gal.  .per  minute 

Circ.  water  pumping  cap.  per  lb.  of  steam  condensed  at  con- 
sumption of.. lbs.     Per  Kw.  Hr.  Dbs 

Cooling  water  per  lb.  of  steam  at  full  load,  lb 

Screens  at  circulating  water  intake,  type 

Dry    Vacuum    Pump : — Type 

Manufactured    by 

Address    

Size Capacity 

Hot  Well   Pump:— Type 

Manufactured    by 

Address 

Size Capacity  gal.  per  minute 

Remarks    

Feed  Pump  Data. 

In  filling  out  our  feed  pump  statistical  data  sheet, 
Figure  VI,  we  should  tell  whether  the  feed  pumps  are 
centrifugal,  reciprocating  or  rotary,  and  should  give  the 
diameters  and  sizes  of  the  main  parts.  In  connection 
not  only  with  the  feed  pump  data  but  with  the  data  of 
other  types  of  equipment,  it  would  be  well  to  main- 
tain a  file  of  catalogues,  and  particularly  of  spare  parts 
catalogues. 

Figure  VI. 

FEED  PUMP  D.\TA. 

Plant  No Building  No 

Location    

Manufactured   by 

Factory    address 

Man  to  call  regarding  repairs 

Phone Date   installed 

By   whom 

Type : Weight Stroke 

Diameter  of  steam  cylinder 

Diameter  of  water  cylinder 

Displacement  per  stroke,  cu.  ft 

Number  of  strokes  per  minute,  average 

Steam  pressure,  per  lb Back  pressure,  per  lb 

Number  of  valves Type  of  valves 

Pounds  of  water  per  24-hr.  average,  actual 

Dia.  of  suction Dia.  of  steam  discharge 

Dia.  of  steam  pipe Dia.  of  exhaust 

Dia.  of  steam  drips 

Piston   Packing Size 

Rod   Packing Size 

Temperature  of  feed  water  deg.  F 

Suction  head,  lb.  per  sq.  in 

Discharge  head,  lb.  per  sq.  in 


Remarks: 


Chimney  Data. 

As  the  chimney  is  not  a  complicated  proposition, 
we  do  not  need  to  record  as  much  information  regard- 
ing it,  but  there  are  a  number  of  points  which  should 
be  noted  and  filed.    These  are  covered  in  Figure  VII. 

Figure  VII. 

CHIMNEY  DATA. 

Plant  No Building  .\o 

Location    

Manufactured    by 

Factory   address 

Man  to  call  regarding  repairs 

Phone..., Date   installed 

Hy   whom 

Type Weight tons 

Construction   material    data 


No.  of  boilers  served 

Stack  area  per  1,000  sq.  ft.  of  boiler  heating  surface sq.  ft. 

Height  a/bove  grate,  ft Size  at  breeching 

Diameter  at  top 

Amounts  of  material  used 

Common  bricks,   No.   of M. 

Fire   bricks,   No.   of M. 

Yards  of  concrete Reinforcing  steel 

Sheet  steel 

Remarks :     


Turbine  Data. 

Turbine  data  covers  the  capacity,  operating  condi- 
tions, performance  guarantees,  etc.  It  is  a  very  good 
thing  to  have  this  information  constantly  before  the 
operating  men  as  they  are  much  keener  to  check  up 
results  with  actual  records.     (Figure  VIII.) 

Figure  VIII. 

TURBINE  DATA. 

Plant  No Building  No 

Location    

Manufactured   by 

Factory   address 

Man  to  call  regarding  repairs 

Phone Date  installed 

By    whom 

Type Weight R.P.M 

Heaviest  piece  to  be  lifted  by  crane tons 

Operating  pressure Operating  superheat,  deg.  F 

Exciters,  No Capacity  each,  Kw 

Types Manufactured   by 

Main  unit  cap.  per  kw.  cap.  of  exciters  installed,  kw 

Performance  guarantee — ^Operating  condition: 

Lb.  press,  abs Deg.  F.  superheat 

In.  vac.  condenser In.  barometer 

Net  kw.  load  of  generator 

Lb.  of  steam  per  kw.  hr 

For  different  pressures  and  deg.  above  or  below  normal  tem- 
peratures following  factors  to  be  used %   for 

each  15  lb.  press,  for  range  of  25  lb.  above  or  below  normal. 
Blade    data 

Remarks:     
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Method  of  Filing. 

The  forms  outlined  herein  should  properly  be  made 
out  in  duplicate,  one  copy  on  file  in  the  superintendent's 
office,  or  in  the  main  office,  and  one  in  the  power  plant. 
They  can  well  be  made  out  on  type  written  sheets, 
placed  in  loose  leaf  record  books.  The  forms  given 
cover  the  principal  equipment.  Forms  will  suggest 
themselves  for  the  minor  items  of  equipment  and  these 


can  be  made  out,  using  the  forms  given  herein  as  a 
guide. 

If  an  engineer  has  before  him  complete  information 
of  all  details  of  the  equipment  which  he  is  handling, 
he  is  encouraged  to  keep  close  watch  over  perform- 
ances. The  forms  can  be  very  easily  made  to  suit  the 
particular  conditions  of  any  given  plant  and  they  can 
very  easily  be  filled  out. 


Firing  Boilers   With  Fuel  Oil 

Indications  Point  to  the  Fact  That  Fuel  Oil  Will  Be  Used  to  a 
Greater  Extent  Than  Ever  Before  in  the  Firing  of  Boilers — Oil 
Market  One  of  Advantage  at  Present. 


EVERY  fuel  has  some  particular  field  in  which  its 
use  predominates.  In  practically  every  case  the 
reason  for  this  is  to  be  found  in  low  cost.  Again, 
low  cost  prevails  because  of  advantageous  freight  rates. 
Exceptions  e.xist  where  some  particular  process  requires 
some  other  fuel  more  suitable  physically  or  chemically. 
Again,  competition  may  arise,  due  to  fluctuations  in  de- 
mand for  some  one  of  our  several  fuels.  There  is  prob- 
ably no  better  illustration  of  the  truth  of  the  above  state- 
ments than  is  accorded  by  the  fuel  oil  market  during  re- 
cent years. 

On  the  Pacific  coast  and  to  a  lesser  degree  on  the 
Atlantic,  petroleum  enjoys  wide  popularity  due  to  the 
fact  that  it  can  be  purchased  at  a  comparatively  low  fig- 
ure. The  oil  fields  of  California  afford  a  supply  for  the 
western  coast,  while  the  Mexican  and  Gulf  fields  are 
made  accessible  by  water  shipment  to  the  eastern  coast. 

During  the  war  the  demand  for  fuel  oil  for  ships  in- 
creased tremendously  due  to  apparent  advantages  this 
fuel  possesses  as  a  war-time  fuel  for  vessels.  For  this 
reason  the  demands  on  land  were  made  subservient  to 
those  on  sea.  During  this  period  it  was  almost  impos- 
sible to  obtain  a  contract  for  oil.  Today  conditions  are 
the  reverse,  with  strong  indications  of  a  decided  slack- 
ening in  demand  for  oil  for  seagoing  vessels.  The  scrap- 
ping of  so  many  warships  with  a  ten  years'  vacation  in 
construction  will  be  a  further  impetus  towards  lessening 
the  demand. 

With  prospects  of  an  increased  supply  of  petroleum 
for  use  on  land,  greater  interest  will  naturally  be  aroused 
in  this  fuel,  especially  for  heating  boilers.  Aside  from 
boilers,  the  greatest  demand  is  from  metallurgical  fur- 
naces, the  majority  of  which  are  of  small  size  and  in 
which  other  fuels  are  not  economical  due  to  physical 
characteristics. 

Fuel  oil  possesses  the  following  advantages: 

1 — Econom.y  of  space.  One  cubic  foot  of  oil  at 
26  Baume  weighs  55.9  pounds  and  will  contain  about 
19,000  Btu.  per  pound. 

2 — Can  be  readily  handled  due  to  it  being  a  liquid. 

3 — Requires  a  small  crew  to  handle  boilers  and 
furnaces. 

4 — Elimination  of  ashes. 
The  above  are  •  the  principal  advantageous   features. 


It  will  be  observed  that  the  advantages  noted  above  are 
those  which  apply  not  only  to  vessels,  but  also  to  plants, 
such  as  office  buildings,  where  there  is  restricted  space 
and  where  ground  is  valuable.  Fuel  oil,  therefore,  has 
a  special  field  in  plants  located  in  large  cities  or  in  places 
where  there  is  little  room  for  equipment.  Where  such 
limitations  do  not  exist,  the  advantages  of  oil  are  less 
apparent,  unless  the  cost  is  greatly  in  its  favor. 

In  addition  to  the  four  features  named  above,  there 
are  others  of  minor  importance  and  which  are  not  ex- 
clusive to  oil.  Powdered  coal,  for  instance,  as  well  as 
oil,  possesses  these  advantages : 

1 — Elimination  of  smoke.  This  is  particularly  de- 
sirable in  a  city  where  the  restrictions  on  smoke  are 
strictly  enforced.     Cooler  boiler  room. 

2 — Saving  in  labor. 

3 — High  furnace  efficiency. 

4 — Control  of  fire  simplified. 

The  actual  firing  of  boilers  with  fuel  oil  presents 
some  very  interesting  problems  which  are  at  times  dif- 
ficult to  solve.  These  have  to  do  generally  with  the 
control  of  the  air  and  design  of  the  furnace.  In  many 
cases  plants  which  have  burned  coal  on  grates  are 
changed  so  that  oil  can  be  substituted.  In  two  plants 
recently  visited,  one  formerly  burned  anthracite  coal 
while  another  had  been  stoker  fired.  Oil  firing  and 
coal  firing  are  entirely  different  and  in  each  of  the  plants 
mentioned  they  had  considerable  difficulty  obtaining 
smooth  working  conditions. 

Comparison  between  oil  and  coal  can  all  be  reduced 
to  two  factors — comparative  cost  and  plant  location. 
For  boilers,  in  most  localities,  coal  is  the  cheaper,  but  in 
some  districts  oil  competes  with  coal  at  certain  times. 
In  such  districts  the  boilers  are  equipped  so  that  oil  or 
coal  can  be  burned  depending  on  which  presents  the 
greater  advantage  on  a  cost  basis.  The  price  of  oil  has 
been  so  uncertain  in  recent  years  that  most  plants  are 
compelled  to  equip  their  boilers  so  that  they  can  change 
to  another  fuel  quickly.  A  large  equipment  company  has 
placed  stokers  on  their  boilers  and  oil  burners  in  the 
rear.  This  plant  can  change  from  oil  to  coal  in  one 
hours'  time.  What  advantages  oil  possesses  over  coal 
outside  of  cost  lie  in  the  fact  that  it  is  a  liquid  and  has 
a  high  heat  value  per  pound.     The  actual  performance 
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of  a  boiler  burning  oil,  day  by  day,  can  be  rated  as  lit- 
tle if  any  better  than  coal. 

The  information  which  follows  has  been  gathered 
from  representative  plants  which  have  been  burning  oil 
under  their  boilers  for  some  years.  Two  types  of  burn- 
ers were  investigated.  These  were  both  of  the  type 
known  as  "outside  mi.xing."  The  atomizing  agent  was 
steam. 

The  choice  of  burner  will  depend  on  conditions  ob- 
taining at  the  plant  in  question. 

Where  boiler  feed  water  is  of  vital  importance  as 
on  vessels,  the  high  pressure  mechanical  burner  is  to  be 
preferred  as  no  steam  is  used  for  atomizing  and  none 
lost  up  the  stack.  These  burners  require  an  oil  of  low 
viscosity.  Heavy  Mexican  oil  for  use  in  a  mechanical 
burner  should  be  heated  to  250  deg.  F.  or  higher.  The 
pressure  at  the  burner  will  be  on  an  average  of  about 
200  pounds.  To  secure  this  temperature  and  pressure 
of  oil,  steam  must  be  used,  but  it  will  be  returned  to  the 
condenser  and  hence  is  not  lost.  This  steam  will  amount 
to  approximately  2  per  cent  to  3  per  cent  of  the  total  feed 
water  fed  to  the  boilers.  This  percentage  will,  of  course, 
vary,  depending  on  the  particular  conditions  at  the  plant. 
Where  such  high  pressures  are  maintained  the  piping 
must  be  such  as  to  leave  no  question  of  security.  This 
is  further  enhanced  by  installing  an  automatic  stop  valve 
which  automatically  shuts  off  the  oil  supply,  should  a 
break  in  the  line  occur. 

On  land,  the  majority  of  burners  are  those  which 
atomize  the  oil  by  steam.  Representative  burners  of 
this  type  are  the  Hammel  and  Best.  The  steam  should 
be  dry  and  at  a  boiler  pressure  of  100  pounds  or  higher. 
The  oil  burned  under  a  500-hp.  boiler  in  a  large  ofifice 
building  was  heated  to  146  deg."  and  was  at  a  pressure  of 
40  pounds.  This  was  Mexican  oil.  Lighter  oils  obtained 
in  the  United  States  need  not  be  heated  if  they  are  at 
about  26  Baume. 

The  oil  should  be  atomized  to  an  exceedinglv  fine 
mist  in  order  that  it  may  be  gasified  readily.  All  that 
any  of  the  so-called  burners  can  do  is  to  break  the  oil 
up  and  discharge  it  into  the  furnace  so  that  it  can  easily 
be  gasified.  The  oil  will  be  gasified  by  heat  and  it  is 
this  gas  which  must  be  mixed  with  air.  Unless  this  is 
the  case  combustion  will  not  be  efificient.  This  point  may 
be  brought  out  more  clearly  by  considering  the  composi- 
tion of  oil  and  the  manner  in  which  it  burns.  All  oils 
are  composed  of  liquid  hydrocarbons  whose  exact  chem- 
ical structure  is  not  readily  determined.  The  burner— 
or  more  correctly  the  atomizer— breaks  up  the  liquid 
only.  The  fine  liquid  mist  is  gasified  by  heat  and  the 
hydrocarbons  broken  up  into  their  elemients— hydrogen 
and  carbon.  The  hydrogen  and  carbon  burn  to  water 
and  carbon  dioxide  if  combustion  is  complete.  If  not 
complete  there  would  be  free  hydrogen  and  carbon  or 
carbon  monoxide.  It  is  the  hydrogen  and  carbon  then 
which  must  find  their  necessarv  quota  of  oxygen,  which 
of  course  comes  from  the  air.  The  air  then  must  be 
thoroughly  mixed  with  the  gaseous  hydrocarbons  as  they 
break  up  mto  their  constituents.  It  is  not  enough  tha't 
the  air  and  liquid  hydrocarbons  be  mixed,  but  the  fur- 
ther step  as  outlined  must  be  accomplished.  The  lack  of 
such  a  condition  produces  carbon  as  soot.  This  is  not 
the  only  manner  in  which  soot  may  be  produced,  but  it 
is  one  of  them. 

Many  different  furnace  designs  have  been  tried  out 
with  the  mtention  of  securing  correct  combustion  In 
one  of  the  furnaces  in  a  large  steel  plant  the  floor  of 
the  furnace  is  perforated  and  air  is  drawn  in  through 


these  perforations.  In  another  boiler  plant  the  air  is 
induced  by  the  burner,  aided  by  the  draft  created  by  the 
stack.  The  floor  here  is  solid  and  all  air  enters  around 
the  burner. 

A  feature  of  great  concern  is  the  regulation  of  the  air 
in  proper  proportion  to  the  oil.  This  is  done  by  appro- 
priate mechanism  or  by  hand.  It  requires  far  less  draft 
for  a  boiler  burning  oil  than  for  one  burning  coal.  In 
the  oil  fuel  furnace  there  is  no  fuel  bed  through  which 
the  air  must  be  drawn.  Therefore  in  a  plant  where  oil 
is  substituted  for  coal  there  will  be  a  tendency  to  carry 
too  strong  a  draft  unless  precautions  are  taken  to  check 
up  the  excess  air.  A  smoky  flame  will  indicate  an  in- 
sufficient air  supply,  but  excess  air  is  not  apparent  to 
the  eye.  In  the  office  building  previously  mentioned,  the 
CO,  varied  from  13  per  cent  to  15  per  cent.  The  draft 
over  the  burners  was  .1  inch.  Where  the  COj  is  carried 
too  high  there  is  a  chance  that  CO  may  be  present  in  the 
gases  and  instead  of  a  high  efficiency  it  may  actually  be 
lowered. 

The  flame  in  the  boiler  should  be  so  controlled  that 
combustion  will  be  complete  before  it  strikes  the  cold 
tubes.  Otherwise  the  carbon  will  not  be  burned,  but 
will  appear  on  the  tubes  as  soot.  This  can  be  cleaned  ofT 
with  a  lance  or  by  soot  blowers.  The  direction  of  the 
flame  on  leaving  the  burners  should  be  such  that  there  is 
no  contact  with  the  floor  of  the  combustion  chamber  nor 
with  the  tubes. 

Tests  made  show  that  efficiencies  of  from  75  per  cent 
to  82  per  cent  can  be  obtained,  but  over  a  long  period 
efficiencies  of  80  per  cent  to  82  per  cent  are  not  com- 
mon. In  a  series  of  tests  made  recently,  the  lowest 
was  76  per  cent,  while  the  highest  was  83  per  cent.  The 
boilers  were  500-hp.  Babcock  &  Wilcox.  The  capacity 
ran  from  normal  to  181  per  cent. 

The  amount  of  water  evaporated  per  pound  of  oil 
will  average  from  12  to  14  pounds.  The  highest  evapo- 
ration on  the  test  was  15.85  pounds,  at  which  rate  the 
evaporation  from  and  at  212  deg.  per  square  foot  of  heat- 
ing surface  was  3.90  pounds.  The  highest  evaporation 
per  square  foot  of  heating  surface  was  5.75  pounds. 

In  electric  lighting  plants  comparison  is  usually  made 
from  day  to  day  in  terms  of  kilowatt  hours  per  barrel 
of  oil.  Running  with  a  light  load,  122  kw.  hours  were 
obtained  in  daily  operation.  With  a  heavy  load,  this 
figure  would  be  materially  bettered.  Two  hundred  kw. 
hours  have  been  secured  per  barrel  of  oil. 

As  is  the  case  in  all  plants  where  fuel  of  any  kind 
is  burned,  the  really  important  factor  is  the  personnel. 
Expressed  in  plainer  terms,  the  supervision  of  the  actual 
burning  of  the  oil  determines  the  results.  In  this  con- 
nection the  results  achieved  have  not  always  been  what 
they  should  be  due  to  the  fact  that  the  operators  did 
not  understand  the  proper  handling  of  the  oil  burning 
equipment.  The  phenomena  attending  the  combustion 
of  oil  are  not  as  apparent  to  the  eye  as  is  the  case  with 
coal.  For  this  reason  all  boiler  plants  burning  oil  should 
be  equipped  with  a  full  set  of  instruments  as  only  by 
these  instruments  can  the  attendant  check  his  observa- 
tions. In  starting  a  plant,  expert  supervision  will  be  re- 
quired until  the  attendants  have  had  time  to  thoroughly 
familiarize  themselves  with  the  equipment. 

The  answer  to  any  problem  such  as  that  discussed 
will  be  found  in  the  cost  sheet.  Therefore,  all  factors 
having  any  bearing  on  the  relative  merits  of  oil  and  coal 
should  be  fully  investigated. 

The  supply  of  coal  is  practically  assured  while,  judg- 
ing from  past  experience,  there  is  not  the  same  assurance 
in  regard  to  oil. 


February,  1922 


HipNasf  FiimacpSSfGel  Planf 


153 


Development  of  Rolling  Mill  Engines 

The  Gas  Engine  Is  Not  a  Good  Type  of  Engine  for  Rolling  Mill 
Work — However,  the  Combination  of  a  Gas  Engine  with  a  Steam 
Engine  Has  a  Decided  Advantage. 

By   F.  J.   DENK. 


THE   development   of   the   rolling  mill   engine   has 
followed    the   same   course,   as   that  of   the   other 

steam  engines.  Starting  out  with  the  single  cylin- 
der engine,  the  way  led  to  the  compound  engine  and, 
for  flywheel  drives,  to  the  triple  expansion  engine.  The 
reason  for  this  development  was,  that  the  steam  con- 
sumption had  to  be  kept,  for  economical  reasons,  as 
low  as  possible,  and  single  cylinder  engines  could,  at 
the  early  times,  not  be  classed  among  the  economical 
steam  users.  With  the  introduction  of  the  compound 
engine,  naturally,  the  disadvantages,  adherent  to  this 
type  of  steam  motors,  had  to  be  taken  into  account. 
In  the  first  place,  the  construction  and  design  of  a  com- 
pound engine  is  more  complicated  and,  therefore,  more 
expensive,  than  that  of  a  single  engine.  Cost  for  re- 
pairs and  maintenance  is  much  higher.  The  high  pres- 
sure cylinder  of  a  compound  engine  works,  at  normal 
load,  with  a  hig*her  cut-off,  than  that  of  a  single  cylinder 
engine,  and  the  danger  arises,  that,  at  sudden  large  in- 
creases of  the  load,  the  multiple  compound  engine  can- 
not overcome  the  peak  and  will  stop  dead.  Another 
disadvantage,  connected  with  the  operation  of  a  com- 
pound engine,  is  due  to  the  fact,  that,  as  soon  as  the 
ingots  enter  the. rolls,  the  high  pressure  cylinder  has  to 
take  care  of  the  full  load,  whereas  the  work  done  by 
the  low  pressure  cylinder  lags  behind.  Only  after  a 
number  of  revolutions  have  passed,  the  receiver  pres- 
sure will  be  big  enough  to  make  the  low  pressure 
cylinder  take  up  the  larger  part  of  the  work,  which  it 
should  always  do.  But,  for  the  first  few  passes,  the 
time,  during  which  the  ingot  will  be  between  the  rolls, 
will  be  so  short,  that  the  ingot  will  have  left  the  rolls, 
before  the  low  pressure  cylinder  had  time,  to  take  up 
its  share  of  the  work,  and,  in  this  respect,  the  com- 
pound engine  is  not  as  good  as  the  single  cylinder 
engine,  where  every  increase  in  the  load  is  taken  care 
of  by  a  corresponding  increase  of  the  work  done  by  the 
engine.  This  was  one  of  the  reasons  why  single  cylin- 
der engines  have  held  their  position  in  the  rolling  mill 
industry,  because  simplicity  in  construction,  economy 
in  steam  and  oil  consumption  and  perfect  adaptability 
to  prevailing  load  conditions  are  points,  which  cannot 
and  should  not  be  overlooked. 

The  following  table  shows  the  steam  consumption 
and  the  percentage  of  work  developed,  used  for  rolling, 
for  dififerent  types  of  mill  engines.  For  comparison's 
sake  data  for  an  electrical  drive  are  also  given. 


%  of  Work 

Lb 

s.  Steam/I 

Consumed 

Type. 

HP-hr. 

in  Rolling. 

Three-high, 

22 

82 

Twin  tandem  compound. 

condensing,  geared, 

.•^5 

m 

Twin  single  cylinder,  non- 

condensing,  geared, 

45 

75 

Twin  tandem,  compound, 

condensing,  ,'^5 

Twin  tandem  fcompound, 

non-condensing,  50 

Electric, 


65 

57 

74 


The  data  are  taken  from  average  American  and 
European  practice  and  show,  in  a  general  way,  the  per- 
formance of  the  dififerent  types  of  rolling  mill  drives. 
A  decided  difference  in  the  percentage  of  the  work 
consumed  for  rolling  can  be  noticed.  The  reciprocating 
engines,  of  course,  are  at  the  top  of  the  row  with  a  use- 
ful work  of  82  per  cent,  because  the  flywheel  engine 
does  not  have  any  losses  for  accelerating  the  revolving 
masses.  The  twin  tandem  compound  drives  show  a 
wide  range  in  the  percentage  of  useful  work,  viz. : 
80  per  cent,  65  per  cent  and  57  per  cent.  The  first 
figure  comes  from  a  geared  engine  with  a  gear  ratio 
of  1 :2.5.  This  alone  is  enough  to  account  for  the  large 
percentage,  as  the  reduction  in  power  required  is  pro- 
portional to  the  square  of  that  gear  ratio,  or,  in  the 
present  case  to  1 :6.25.  Besides,  this  engine  is  a 
European  design,  which,  as  a  rule,  are  built  lighter  than 
our  American  engines. 

The  table  shows  furthermore,  that  the  single  cylin- 
der engine  has  a  higher  percentage  of  useful  work, 
than  the  twin  tandem  compound  engines,  mentioned 
above.  The  engine  in  question  is  geared,  but  the  gear 
ratio  is  so  near  unity  (about  IAYa),  that  most  of  the 
difference  must  be  ascribed  to  the  reasons  given  above 
as  adhering  to  the  construction  design  and  operation 
of  the  compound  engines. 

The  electrical  drive  does  74  per  cent  of  useful  work, 
the  rest  is  consumed  in  acceleration  losses  (9  per  cent), 
friction  losses  (11.5  per  cent)  and  copper  losses  (2.5 
per  cent). 

European  practice  (*)  has  turned  to  some  new  types 
for  driving  rolling  mills,  although  it  must  be  said,  that 
American  engine  manufacturers  have  directed  their  at- 
tention in  the  same  direction,  at  least  to  a  certain  ex- 
tent. 

The  single  cylinder  steam  engine  has  been  de- 
veloped as  a  uni-flow  engine  with  a  short  piston  and 
with  the  exhaust  ports  in  the  middle  of  the  cylinder. 
The  compression  in  this  type  of  engine  amounts  to 
about  60  per  cent ;  it  is,  therefore,  still  comparatively 
high.  During  expansion  the  exhaust  ports  are  kept 
closed  by  means  of  a  valve  located  behind  them.  About 
10  per  cent  before  the  dead  point,  the  valve  opens  and 
the  steam  is  exhausted.  The  arrangement  as  described 
is  a  disadvantage  connected  with  this  type  of  uni-flow 
engines,  as  far  as  rolling  mill  work  is  concerned,  be- 
cause here  it  is  imperative,  that,  when  working  with 
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large  cut-offs,  the  large  quantities  of  steam  must  have 
a  chance  to  escape  unthrottled,  thus  equalizing  com- 
])k'tcly  the  pressure  in  the  cylinder  and  in  the  con- 
denser. 

Several  other  types  of  uni-flow  engines  have  been 
developed,  which  are  improvements  over  the  designs 
of  the  older  types,  whereby  it  was  kept  in  mind,  that 
one  of  the  most  important  parts  of  a  single  cylinder 
rolling  mill  engine  is  the  arrangement  and  the  working 
of  the  exhaust  valves,  in  order  to  enable  them  to  dis- 
charge easily  and  effectively  the  large  quantities  of 
steam  which  are  required  by  the  engine  whenever  sufl- 
den  peak  loads  occur. 

Steam  economy  can  also  be  effected  by  a  well  and 
efficiently  working  condenser.  A  vacuum  of  3  to  4  in. 
Ilg  is  very  good,  but  it  will  hardly  be  obtained  in  reg- 
ular practice;  8  to  10  in.  Hg  can  easily  be  reached,  but 
in  most  cases  the  vacuum  will  stay  below  this  figure. 

In  order  to  obtain  the  highest  possible  economy 
with  a  non-condensing  engine,  the  exhaust  steam 
should  be  used  for  heating  and  similar  purposes.  In 
case  this  cannot  be  done,  the  best  uni-flow  engine  will 
suffer  under  the  same  disadvantage,  adherent  to  every 
steam  engine  of  the  non-condensing  type,  that  is,  its 
very  low  thermal  efficiency. 

This  has  been  one  of  the  reasons,  why  it  has  been 
tried  to  replace  the  steam  engine  by  the  gas  engine  ; 
it  has  also  caused  a  big  advance  in  the  application  of 
electrical  drives,  the  motors  of  which  are  supplied  with 
current  from  a  central  station  which  can,  in  the  case 
in  question,  work  with  a  higher  efficiency  than  a  steam 
plant. 

The  internal  combustion  engine  is  far  superior  to 
the  steam  engine  in  blast  furnace  and  coke  oven  plants, 
where  the  power  gas  is  at  hand  and  would  otherwise 
be  wasted  either  entirely  or  to  a  large  extent.  But 
as  a  rolling  mill  drive  a  gas  engine  is  inferior  to  the 
steam  engine,  because  it  can  only  carry  a  very  small 
percentage  of  overload,  thus  forcing  the  mill  superin- 
tendent to  install  units  Avhich  are  by  far  larger  than 
his  ordinary  power  requirements  demand.  The  gas 
engine  must,  therefore,  be  designed  for  a  capacity  from 
50  to  80  per  cent  higher  than  necessary,  and  this,  in 
turn,  is  followed  by  the  further  disadvantage,  that  the 
heat  consumption  increases,  when  the  load  decreases, 
thus  reducing  the  superiority  of  the  gas  engine  over 
the  steam  engine  considerably,  as  far  as  thermal  effi- 
ciency is  concerned. 

The  operation  of  the  gas  engine  is  also  not  without 
fault,  because  ignition  may  set  out,  and  if  this  happens 
several  times  in  succession  at  full  load,  the  engine  will 
stop.  For  all  these  reasons,  the  gas  engine  has  not 
made  very  much  headway  as  a  rolling  mill  drive.  But 
it  can  be  shown,  how  a  combination  of  a  steam  engine 
with  a  gas  engine,  forming  one  driving  unit,  may  be 
used  to  advantage. 

In  such  a  case,  the  gas  engine  will  have  to  take  care 
of  the  regular  average  load,  whereas  the  steam  engine 
has  to  overcome  the  peak  loads.  Needless  to  say,  that 
the  load  variations,  which  the  steam  engine  will  have 
to  take  care  of,  are  greater  in  this  case,  than  with  the 
pure  steam  drive.  The  steam  engine  must,  therefore, 
be  designed  in  such  a  way,  that  it  is  capable  to  take 
care  of  all  these  variations  with  the  highest  possible 
thermal  efficiency.  This  condition  is  best  filled  by  the 
uni-flow  type  of  steam  engines.  Tests  made  under  the 
same  working  conditions  have  shown,  that  a  uni-flow 


engine  has  12  per  cent  efficiency,  the  gas  engine  14 
I)er  cent  and  the  combined  steam-gas  unit  17  per  cent. 
The  saving  in  fuel  of  the  gas  engine  over  the  steam 
engine  amounted  to  14  per  cent,  and  that  of  the  com- 
bined steam-gas  unit  over  the  steam  engine  to  29  per 
cent. 

The  design  of  the  steam-gas  unit  can  be  made  in 
such  a  way  that  the  steam  cylinder  is  in  front  and 
the  two  4-cyclc  gas  C3'linders  in  the  back,  all  in  the 
same  axis  and  all  three  working  on  the  same  crank. 
Simpler,  however,  is  the  arrangement  as  a  twin  engine, 
one  side  being  formed  by  the  gas  engine  and  the  other 
by  the  uni-flow  engine.  The  most  compact  design  is 
represented  by  a  horizontal-vertical  outfit,  the  steam 
engine  being  the  vertical  part,  located  in  the  axis  of  the 
horizontal  gas  engine  and  both  working  on  the  same 
crank  pin.  The  two  last  named  designs  have  the  ad- 
\antnge,  that  the  gas  engine  can  be  cut  out  entirely, 
if  necessary. 

Conclusion. 

The  percentage  of  useful  work  done  in  rolling  is 
shown  for  different  types  of  steam  driven  rolling  mill 
engines.  It  is  furthermore  shown,  that  a  gas  engine 
is  not  a  good  type  of  engine  for  rolling  mill  work,  but 
that  the  combination  of  a  gas  engine  with  a  steam  en- 
gine will  have  decided  advantages  over  either  one  of 
the  pure  drives.  Different  arrangements  of  such  a  com- 
bined steam-gas  unit  are  described. 


THE  STUDY  OF  MOLYBDENUM  ORES 

The  United  States  possesses  the  largest  known  de- 
posits of  molybdemmi  ores,  but  is  relatively  poor  in 
high-grade  deposits  of  some  other  important  alloying 
elements  used  in  alloy  structural  steels,  such  as  automo- 
bile steels,  says  the  Federal  Bureau  of  Mines  Nickel, 
chromium  and  vanadium  are  the  standbys  in  present-day 
alloy  steels.  Of  these  we  have  very  little  nickel,  some 
chromium,  mostly  in  relatively  low  grade  ores,  and  only 
small  deposits  of  vanadium.  It  is  of  utmost  importance 
to  know  to  what  extent  molybdenum  can  replace  any  of 
these  elements.  Moreover,  there  is  as  yet  comparatively 
little  market  for  molybdenum. 

According  to  tests  made  by  H.  C.  Chandler  and  C.  H. 
Willis,  given  wide  publicity  by  producers  of  molyb- 
denum, that  element  as  an  alloying  material  ranks  with 
nickel,  chromium  and  vanadiiun  in  preparing  steel  of  high 
quality.  Molybdenum  steels  found  some  use  during  the 
war,  but  their  production  thereafter  almost  ceased. 

In  order  to  corroborate  the  published  tests,  to  extend 
them,  and  to  study  in  detail  the  shock  and  fatigue-resist- 
ing properties  of  molybdenum  steels,  a  co-operative  agree- 
ment was  entered  into  by  the  Bureau  of  Mines  with  the 
\'anadium  Corporation  of  America,  producers  of  molyb- 
denum, by  which  the  services  of  R.  J.  Thompson,  metal- 
lographist,  were  made  available.  The  co-operation  of  the 
\\'yman-Gordon  Company,  Worcester,  Mass.,  was  en- 
listed in  making  impact  and  repeated-impact  tests. 

A  comprehensive  series  of  molybdenum  steels  and  of 
other  steels  for  comparison  has  been  made  in  the  electric- 
furnace  laboratory  of  the  department  of  chemistry  at 
Cornell  l^niversty  and  rolled  at  the  Halcomb  Steel  Com- 
pany plant  and  test  bars  were  machined,  heat  treated, 
and  given  tensile  and  fatigue  tests  in  the  shops  and  lab- 
oratories of  the  Sibley  School  of  Mechanical  Engineer- 
ing at  Cornell  University. 
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The  Slatingtoii  Iron  &  Steel  Company,  Slatington,  Pa.,  re- 
cently incorporated  with  a  capital  of  $105,000,000,  under  Dela- 
ware laws,  is  arranging  details  for  the  construction  of  a  new 
steel  manufacturing  plant  in  the  vicinity  of  Birmingham,  Ala., 
on  site  recently  acquired.  Notice  has  been  filed  with  the  state 
of  organization  and  intention  to  build.  The  initial  unit  is  esti- 
mated to  cost  in  excess  of  $500,000,  and  will  comprise  a  num- 
ber of  mills.  The  company  will  also  construct  a  blast  furnace 
at  a  later  date.  Iron  and  coal  properties  have  been  acquired  in 
Etowah  County,  Ala.,  consisting  of  about  10,000  acres  of  land, 
and  these  will  be  developed.  A  complete  iron  ore  plant  will  be 
installed  on  the  site.  John  W.  Baker,  711  Lumber  Exchange 
Building,  Chicago,  111.,  is  one  of  the  principals  of  the  company. 


The  Lafollette  Coal  &  Iron  Company.  Lafollette,  Tenn.,  has 
preliminary  plans  in  progress  for  the  construction  of  a  by- 
products coke  plant,  to  be  used  for  the  carbonizing  of  fuel  and 
other  service  at  the  local  mills.  The  plant  will  have  a  monthly 
output  of  about  13,000  tons.  It  is  estimated  to  cost  about  $500,- 
•000,  including  machinery  and  equipment.  Parker  &  Wilder, 
Cincinnati,  Ohio,  are  engineers  for  the  company  in  charge  of 
the  project. 


The  Lorain  Steel  Company,  Johnstown,  Pa.,  has  construction 
under  way  on  a  new  electric  steel  foundry  at  its  local  works, 
and  plans  to  place  the  plant  in  operation  at  an  early  date.  A 
4-ton  electric   furnace  will  be  installed. 


The  Wickwire-Spencer  Steel  Company,  Buffalo.  N.  Y..  has 
increased  operations  at  its  local  finishing  mill  to  full  capacity 
under  regular  working  hour  schedule. 


The  Duluth-Globe  Iron  Works,  First  and  Hughitt  avenues, 
Superior,  Wis.,  has  plans  under  way  for  the  construction  of  a 
one-story  addition  to  its  plant  at  Duluth,  Alinn.  It  will  be  125x 
130  feet,  located  on  Michigan  street. 


The  Hudson  City  Steel  Company,  233  Broadway,  New  York, 
N.  Y.,  has  preliminary  plans  under  consideration  for  the  con- 
struction of  a  new  steel  plant  at  Hudson,  N.  Y.,  to  consist  of 
a  group  of  buildings.  It  is  proposed  to  commence  construction 
early  in  the  spring.  Dwight  P.  Robinson  &  Company,  125  East 
Forty-sixth  street.  New   York,  are  engineers. 


The  Slatington  Iron  &  Steel  Company,  Slatington,  Pa.,  is 
making  a  number  of  improvements  at  its  plant,  including  re- 
pairs to  machinery,  and  plans  to  resume  operations  at  an  early 
date.  The  works  have  been  closed  down  for  a  number  of 
months  past.  Robert  Grant,  Woodworth  Building,  New  York, 
heads  the  company. 


The  Bethlehem  Steel  Corporation,  Bethlehem,  Pa.,  has  im- 
provement work  under  way  at  its  works  at  Lebanon,  Pa.,  in- 
cluding the  construction  of  an  addition  to  the  concentrating 
and  sintering  plant,  and  improvements  in  the  galvanizing  de- 
partment. Extensions  will  also  be  made  in  the  pickling  depart- 
ment as  well  as  in  the  wire-treating  shop.  The  company  is  also 
constructing  an  addition  to  the  28-inch  billet  mill  at  its  main 
works  at  Bethlehem. 


new  plant  on  Garvey  street,  Everett.  Mass.,  to  comprise  a  mod- 
ern iron  and  steel  works.  It  will  be  70.x250  feet,  and  additional 
units,  it  is  understood,  will  be  erected  at  a  later  date.  The  ini- 
tial plant  will  cost  approximately  $75,000.  Howard  P.  Farmer 
is  president  of  the  company.  Blake  &  Pope,  15  Beacon  street, 
Boston,  Mass.,  are  building  contractors. 


The  Charcoal  Iron  Company,  Detroit,  Mich.,  is  making  a 
number  of  -improvements  at  its  iron  ore  works  in  the  Manistique, 
Mich.,  district.  The  plant  will  be  placed  in  operation  imme- 
diately. The  company  has  increased  production  at  its  iron  ore 
properties  at  Bessemer,  Mich.,  and  a  day  and  night  shift  are 
woiking  under  regular  schedule. 


The  Riclimond  Car  Works.  Richmond,  Va.,  recently  organ- 
ized under  state  laws  with  a  capital  of  $500,000,  has  acquired 
the  government  plant  at  South  Richmond,  originally  designed 
for  a  marine  boiler  works,  but  never  occupied.  The  plant  covers 
a  large  tract  of  land  and  consists  of  a  number  of  buildings.  It 
will  be  equipped  and  used  by  the  new  company  for  the  manu- 
facture of  architectural  steel  and  iron  products  and  affiliated 
specialties,  as  well  as  railway  and  other  cars.  The  main  build- 
ing is  180x600  feet.  The  plant  was  acquired  for  a  considera- 
tion  in  excess  of  $200,000.     Lewis   C.  Williams  is  president. 


The  Bethlehem  Shipbuilding  Corporation,  San  Francisco, 
Cal.,  a  subsidiary  of  the  Bethlehem  Steel  Corporation,  Bethle- 
hem, Pa.,  has  acquired  the  plant  of  the  Southwestern  Shipbuild- 
ing Company  at  Los  Angeles,  Cal.,  and  will  convert  a  portion  of 
the  plant  into  a  steel  fabricating  works  for  the  manufacture  of 
structural    shapes    for   building   and    other   service. 


The  Wheeling  Steel  Corporation,  Wheeling,  W.  Va.,  has 
plans  in  progress  for  the  construction  of  a  number  of  additions 
to  its  LaBelle  Iron  Works  plant,  Steubenville.  Ohio.  The  work 
will  consist  of  a  new  reversing  blooming  mill,  to  be  provided 
with  heavy  shears,  tables,  transfers  and  affiliated  equipment. 
Other   work   is   also   contemplated. 


The  .'American  Steel  &  Wire  Company,  Worcester,  Mass.,  a 
subsidiary  of  the  United  States  Steel  Corporation,  New  York, 
is  perfecting  plans  for  the  construction  of  the  proposed  addi- 
tions to  its  plant  for  increased  production.  The  first  structure 
to  be  erected,  and  plans  for  which  have  been  completed,  will  be 
60x900  feet,  located  at  the  North  Works,  and  will  be  used  pri- 
marily for  galvanizing  operations.  Extensive  electrically- 
operated  equipment  will  be  installed.  The  plant  will  cost  about 
$50,000.  The  Engineering  Department  at  the  works,  under  the 
direction  of  Charles  E.  Goodrich,  chief  engineer,  has  plans  in 
progress  for  other  additions  to  be  made  at  the  plant,  esti- 
mated to  cost  about  $275,000.  Work  will  be  placed  under  way 
at  an  early  date.  

The  Chicago  Bridge  &  Iron  Works,  Chicago,  111.,  is  increas- 
ing production  at  its  steel  fabricating  plant  at  Greenville,  Pa., 
and  a  night   shift  has  been  added  to  the  working   force. 


The   Builders'   Iron   &    Steel   Company,   Bridge   street,    Cam- 
bridge, Mass.,  has  awarded  a  contract  for  the  construction  of  a 


The  Mansfield  Sheet  &  Tin  Plate  Company,  Mansfield,  Ohio, 
is  proceeding  with  construction  work  on  a  number  of  plant 
additions,  and  proposes  to  have  the  units  ready  for  service  at 
an  early  date.  The  expansion  will  comprise  four  80-ton  open 
hearth  furnaces,  with  new  blooming  mill  and  sheet  bar  mill,  the 
latter  to  be  equipped  to  handle  material,  24-inch. 
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The  work  of  the  Bureau  of  Mines  on  iron  ores  is  directed 
chiefly  toward  devising  means  for  utilizing  extensive  deposits 
of  low  grade  ores  that  cannot  be  smelted  profitably  by  present 
methods.  In  order  to  utilize  such  ores,  it  is  necessary  that 
enough  of  the  gangue  and  impurities  be  removed  to  raise  the 
ore  to  smelting  grade,  or  methods  of  smelting  ore  of  lower  iron 
content  must  be  devised. 

The  North  Central  mining  experiment  station  of  the  Bu- 
reau of  Mines,  at  Minneapolis,  Minn.,  has  continued  to  co-oper- 
ate with  the  state  mining  experiment  station  in  an  investiga- 
tion of  the  reserves  of  low-grade  ore  in  the  Lake  Superior  dis- 
trict, and  in  milling  tests  of  samples  collected  in  the  course  of 
the  field  work.  This  work  has  also  included  experimental  tests 
of  low-grade  iron  ores  in  the  southern  districts.  With  the  estab- 
lishment of  the  mining  experiment  station  at  Birmingham,  Ala., 
more  extensive  work  has  been  made  possible,  and  a  compre- 
hensive survey  of  the  iron  and  steel  industry  of  the  Birming- 
ham district  has  begun.  The  main  object  sought  is  to  develop 
means  of  beneficiating  the  low-grade  highly  silicious  ores  that 
occur  in  large  quantities  in  that  district.  At  Minneapolis,  the 
work  has  been  more  closely  related  to  utilizing  low-grade  man- 
ganiferous  iron  ores  of  the  Lake  Superior  district,  particularly 
as  regards  the  study  of  blast  furnace  practice,  and  the  operation 
of  the  experimental   blast   furnace  at  that   station. 

The  investigation  of  the  heat  treatment  of  drill  steels  has 
been  continued  by  the  Bureau  of  Mines,  and  the  scope  of  the 
work  greatly  extended.  The  breakage  of  drill  bits  in  use  con- 
stitutes an  important  part  of  mining  costs,  and  the  object  of 
this  work  is  to  determine  the  causes  of  breakage  and  to  find 
means  for  their  elimination. 

The  Mississippi  Valley  experiment  station,  which  has  its 
headquarters  for  field  work  at  St.  Louis,  Mo.,  and  its  labora- 
tories at  Rolla,  Mo.,  is  co-operating  with  the  Minneapolis  sta- 
tion in  the  investigations  of  drill  steels. 

In  the  course  of  the  rock-drilling  and  drill-steel  investiga- 
tion in  the  Tri-State  district,  work  has  been  started  to  find  out 
the  most  efficient  change  of  gauge  to  use  between  different 
lengths  of  steel.  Present  practice  favors  changes  of  from  one- 
fourth  to  three-sixteenths  of  an  inch,  but  it  is  planned  to  try 
changes  as  small  as  one-sixteenth  inch.  A  reduction  in  gauge 
means  decreased  drilling  cost,  as  the  work  of  drilling  varies 
with  the  size  of  the  hole.  It  is  also  planned  to  try  out  smaller 
sizes  of  drill  steel.  The  size  of  drill  steel  now  in  use  in  this 
district  is  1'4-inch  round.  In  several  other  districts  where  the 
large  size  was  formerly  used  the  same  work  is  being  done  with 
smaller  steel,  thus  reducing  the  cost  of  the  steel,  lessening  the 
work  of  the  miner  in  transporting  steel,  and  increasing  the 
drilling  speed.  Steels  1  inch  in  diameter  will  be  tried  and  re- 
sults will  be  compared  with  tests  with  the  larger  steel.  The 
results  thus  far  indicate  that  the  1-inch  steel  can  be  used  suc- 
cessfully and  that  a  considerable  saving  in  drilling  cost  will  be 
effected. 

The  experimental  blast  furnace  built  at  the  Minneapolis  sta- 
tion by  P.  H.  Royster,  assistant  metallurgist,  and  T.  L.  Joseph, 
assistant  metallurgist,  was  put  in  blast  12  times  for  the  study  of 
blast  furnace  reactions  as  related  to  low-grade  manganese  ore 
now  available  in  the  United  States.  Fundamental  data  were 
collected  and  used  as  a  basis  for  future  experiments.  Ex- 
periments have  been  conducted  on  the  flow  of  gases  and  the 
flow  of  stock  in  blast  furnaces.  Other  subjects  of  investiga- 
tion have  included  the  following:  Volatilization  of  manganese 
in  the  blast  furnace;  history  of  blast  furnace  lines,  shapes,  and 


sizes;  the  rate  of  reduction  of  iron  oxide  by  carbon  monoxide 
gas;  the  production  of  high-silicon  pig;  charcoal  iron  furnace 
practice. 

The  Bureau  of  Mines  station  at  Seattle  has  been  engaged  in 
making  a  general  survey  of  the  iron  and  steel  situation  in  the 
Pacific  coast  states,  with  regard  to  consumption  of  iron  and 
steel  and  the  supply  of  raw  materials  for  their  manufacture. 
The  results  of  this  survey  have  indicated  that  a  preliminary  re- 
duction of  the  iron  ore  to  sponge  iron,  with  subsequent  melting 
in  the  electric  furnace  would  be  peculiarly  fitted  to  the  needs  of 
the  Pacific  coast,  and  considerable  progress  has  been  made  in 
experimental  work  in  developing  this  method  to  a  commercial 
basis. 

A  rapid  and  accurate  method  for  the  determination  of  metal- 
lic iron  in  sponge  iron  has  been  developed. 


VOLATILIZATION   OF  LOW-GRADE   AND 
COMPLEX  ORES. 

The  application  of  the  chloride-volatilization  process  to 
the  recovery  of  metals  in  low-grade  and  complex  ores  con- 
tinues to  be  one  of  the  major  problems  being  studied  at  the 
Intermountain  Experiment  Station  of  the  Bureau  of  Mines 
at  Salt  Lake  City,  Utah.  The  process  consists  of  crushing 
to  the  proper  fineness;  mixing  with  chloridizing  agents,  such 
as  sodium  and  calcium  chloride,  alone  or  with  other  reagents; 
furnacing  at  elevated  temperatures  to  effect  chloridization 
and  volatilization  of  the  metal  chlorides  formed,  and  treat- 
ment of  the  volatilized  chlorides  to  obtain  the  valuable  metals 
in  salable  form.  Electrical  precipitation  is  the  most  feasible 
way  of  colecting  the  voatiized  fume. 

The  staton  maintains  a  semicommercial  plant  that  includes 
a  large  rotary  kiln  of  the  cement  type,  a  Wedge  roasting  fur- 
nace and  two  electrical  precipitators,  each  with  a  capacity  of 
1.500  cubic  feet  of  gas  per  minute.  The  station's  pldi.t  also 
includes  a  small  rotary  kiln  in  which  preliminary  testing  is 
conducted  before  testing  in  the  large  kiln.  A  new  type  of 
furnace,  in  which  the  ore  charge  is  introduced  at  th-?  ih-e  en  1, 
has  been  constructed.  Resultsindicate  that  better  extract- 
ions can  be  obtained  than  in  other  types  of  furnaces  tried. 
■  The  treatment  of  the  collected  fume  continues  most  im- 
portant, as  the  fume  from  each  ore  is  a  problem  in  itself.  A 
laboratory-size  reverberatory  furnace  for  the  reduction  of 
lead  and  copper  chloride  fumes  has  been  constructed  to  de- 
termine whether  continuous  feed  can  be  employed  without 
excessive  loss  by  volatilization.  During  test  runs  by  the  use 
of  this  furnace  careful  control  of  the  temperatures,  keeping 
them  below  1,150  deg.,  eliminated  much  of  the  loss  by  vol- 
atilization. Investigations  were  m^ade  to  determine  the 
feasibility  of  introducing  the  metallic  chloride  fumes  through 
the  side  of  the  furnace  underneath  the  surface  of  the  slag, 
and  these  experiments  proved  to  be  successful.  The  small- 
scale  tlaboratory  experiments  indicate  practically  a  com- 
plete reduction  of  lead  and  copper  fumes. 

The  volatilization  process  is  best  suited  for  low-grade 
oxidized  ores  of  copper,  lead,  silver  and  zinc,  and  also  for 
the  more  complex  oxidized  ores  of  these  metals.  Practic- 
ally complete  extractions  of  lead  and  copper  have  been  ob- 
tained, and  the  extraction  of  silver  has  been  from  50  to  90  per 
cent.  Copper  ore  carrying  copper  mainly  in  the  form  of 
Chrysocolla  is  very  difficult  to  volatilize.  The  volatilizat- 
ion process  seems  to  be  particularly  adapted  to  separating 
lead  and  zinc   in  oxidized   ores. 
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kolancl  Gerry,  a  director  of  the  Jones  S:  l.aiighlin  Steel  Com- 
pany and  manager  of  sales  of  the  cold-rolled  department,  has 
been  advanced  to  the  position  of  special  sales  representative  of 
the  company  for  the  United  States  and  Canada,  efTertive  Feb- 
ruary 1.  Mr.  Gerry  will  be  succeeded  by  William  B.  Todd,  at 
present  vice  president  of  the  Union  Drawn  Steel  Company, 
Beaver  Falls,  Pa.  Mr.  Gerry  has  been  with  the  company  41 
years,  rising  through  the  sales  department  in  successive  grades 
to  the  new  responsible  position  he  is  about  to  occupy.  Mr.  Todd 
has  been  with  the  Union  Drawn  Steel  Company  for  20  years, 
having  entered  its  employ  through  the  mill  ofiice  in  1901  and  been 
advanced  through  various  departments  to  the  vice  presidency. 

V  V 

O,  H.  Wharton,  vice  president  in  charge  of  sales  and  also 
a  director  of  the  Crucible  Steel  Company  of  America,  has 
resigned. 

V'       V 

Charles  E.  Stuart,  secretary  and  treasurer.  Central  Steel  Com- 
pany, Massillon,  Ohio,  has  been  elected  president  of  the  Mas- 
sillon  Chamber  of  Commerce,  .'\mong  other  new  officers  of  the 
chamber  are  E.  H.  Nelson,  general  manager  Griscom-Russell 
Company,  who  was  named  first  vice  president,  and  E.  H.  Bir- 
ney,  president  Peerless  Drawn  .Steel  Company,  who  was  elected 
second   vice  president. 

V  V 

Edward  Francis  Carry,  president  Haskell-Barker  Car  Com- 
pany, Michigan  City.  Ind..  recently  purchased  by  the  Pullman 
Company,  was  made  president  of  the  combined  concern  on  Jan- 
uary 16.  J.  S.  Runnels,  retiring  president  of  the  Pullman  Com- 
pany, becomes  chairman  of  the  board.  Mr.  Carry  started  his 
car  building  career  at  the  age  of  21,  as  stenographer  for  Wells 
&  French. 

V'       V 

William  P.  Chinn.  assistant  general  manager  of  mines  for 
Pickands.  Mather  &  Company,  Cleveland,  has  been  promoted  to 
general  manager,  succeeding  C.  H.  Munger,  who  has  been  gen- 
eral manager  of  mines  as  well  as  secretary  of  the  company,  but 
whose  duties  at  Cleveland  have  necessitated  his  full  attention  as 
secretary.  William  A.  Rose,  chief  mining  engineer  of  the  com- 
pany, has  been  made  assistant  general  manager  of  mines.  Mr. 
Chinn  has  been  with  the  Pickands,  Mather  organization  since 
1901,  prior  to  which  he  was  bookkeeper  at  the  Elba  mine,  on 
the  Mesabi  range,  of  the  Minnesota  Iron  Company.  Soon  after 
Pickands,  Mather  &  Company  took  over  the  mine,   Mr.   Chinn 


was  made  superintendent  and  four  years  ago  was  made  assistant 
general  manager  of  mines.  Mr.  Rose  has  been  chief  mining  en- 
.gineer    for  the  company    for   the  past   eight  years. 

V  V 

J.  A.  Connely,  manager  of  the  Tampico.  Me.xico,  office  of  the 
Petroleum  Iron  Works  Company,  Sharon,  Pa.,  effective  January 
1.  became  sales  manager  of  the  company  with  headquarters  at 
Sharon. 

V  V 

John  II.  Mowrey,  assistant  manager  of  the  order  department 
of  the  Lorain  Steel  Company,  Johnstown,  Pa.,  for  12  years,  has 
resigned  to  become  associated  with  his  father  as  junior  partner 
in  the  John  I.  Mowrey  Coal  &  Luinber  Company,  Spring  City, 
Pa.  Eighteen  years  ago  Mr.  Mowrey  joined  the  Lorain  Steel 
Company  as  private  secretary  to  Daniel  Coolidge  in  the  Phila- 
delphia office. 

V  V 

James  H.  Hammond,  president  of  the  Superior  Steel  Cor- 
poration, Pittsburgh,  for  24  years  and  chairman  of  its  board  for 
the  past  five  years,  has  resigned  from  the  company,  along  with 
three  others,  Henry  F.  Devens.  formerly  vice  president  and  re- 
cently special  agent  for  the  company ;  Henry  D.  Sarge,  secre- 
tary and  assistant  treasurer,  and  Frank  D.  Frost,  assistant  sales 
manager. 

\'         V 

Bruce  Haines,  assistant  manager  Crawfordsville  Wire  &  Nail 
Company.  Crawfordsville,  Ind.,  has  resigned  and  will  become 
general  manager  of  the  Davenport,  la.,  branch  of  the  Nichols 
Wire  &   Sheet   Company,   Kansas   City,   Mo. 

V  V 

Edward  M.  Adams  will  lie  first  vice  president  and  general 
manager  of  sales  of  the  Inland  Steel  Company,  succeeding  G. 
H.  Jones.  Walter  C.  Carroll  will  be  vice  president  in  charge  of 
sales  for  the  sheet  division,  and  Charles  R.  Robinson  vice  presi- 
dent in  charge  of  sales  for  ;he  rail  and  track  accessories 
division. 

V  V 

John  J.  Brant,  general  auditor  Voungstown  Sheet  &  Tube 
Company,  Youngstown,  Ohio,  retired  December  31.  He  will 
continue  to  make  his  home  in  Voungstown,  where  he  has  re- 
sided since  1885.  He  was  appointed  auditor  of  the  company  in 
1911,  having  previously  been  in  the  auditing  and  accounting 
departments.     He  has  served  with  the  company  for  20  years. 
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George  Matin  has  resigned  as  auditor  of  the  Youngstown 
Steel  Car  Company,  Niles,  Ohio.  He  had  been  previously  iden- 
tified with   Price,   Waterhouse  &  Ohio   Company. 

V  V 

F.  J.  Griihths  resigned  January  1  as  vice  president  and  works 
manager  of  the  Central  Steel  Company,  Massillon.  Ohio.  He 
has  been  succeeded  as  works  manager  by  Benjamin  Fairless,  who 
has  been  plant  superintendent.  His  successor  as  vice  president 
has  not  yet  been  named. 

V  V 

J.  H.  Hackenburg,  purchasing  agent  Pressed  Steel  Car  Com- 
pany, Pittsburgh,  has  resigned  and  J.  B.  Tate  has  been  made 
assistant  purchasing  agent  and  will  have  charge  of  the  depart- 
ment pending  the  appointment  ot  Mr.  Hackenburg's  successor. 

V  V 

Theodore  A.  Gessler,  for  the  past  13  years  manager  of  sales 
of  the  American  Sheet  &  Tin  Plate  Company,  New  York,  re- 
signed January  1.  Mr.  Gessler  has  been  identified  with  the  sheet 
and  tin  plate  trade  since  1898,  at  which  time  he  became  asso- 
ciated with  the  American  Sheet  &  Tin  Plate  Company  in  its 
New  York  office.  He  is  succeeded  by  E.  E.  Winckler,  who  has 
been  assistant  manager  of  sales  in  New  York  since  1909.  Mr. 
Winckler  has  been  associated  with  the  American  Sheet  &  Tin 
Plate  Company  since  its  organization  22  years  ago  and  pre- 
viously represented  the  Cambridge  Iron  &  Steel  Company,  Cam- 
bridge, Ohio,  in  the  east,  with  headquarters  in  New  York. 

V  V 

Edward  Worcester,  who  retired  as  vice  president  in  charge 
of  sales  of  the  National  Tube  Company,  Pittsburgh,  on  Janu- 
ary 1,  and  who  is  to  make  his  home  in  the  east  and  serve  the 
company  in  an  advisory  capacity,  was  tendered  a  farewell  dinner 
at  the  William  Penn  Hotel,  Pittsburgh.  Thursday  evenin,g,  Jan- 
uary 5,  by  his  former  associates  in  the  general  ofTices  and  by  the 
mill  managers.  William  B.  Schiller,  president  National  Tube 
Company,  was  toastniaster. 

V  V 

Lloyd  Jones,  chief  engineer  United  Engineering  &  Foundry 
Company,  Pittsburgh,  has  resigned  He  has  been  with  the  com- 
pany for  about  nine  years,  having  become  chief  engineer  when 
F.  C.  Biggert  was  elected  president  a  few  years  ago.  His  suc- 
cessor has  not  yet  been  named. 


Dean  R.  Wilson  has  resigned  as  vice  president  and  treasurer 
of   the   Carbon   Steel    Company,   Pittsburgh. 

V  V 

Judge  Samuel  L.  Black,  Columbus,  Ohio,  was  re-elected 
president  at  the  annual  meeting  of  the  directors  of  the  Pitts- 
burgh Tin  Plate  &  Steel  Corporation,  in  Marietta,  Ohio,  Jan- 
uary 6.  A.  V.  Somers  was  re-elected  vice  president,  treasurer 
and  general  manager  and  O.  G.  Toner,  Eden,  Ohio,  was  named 
secretary,  succeeding  A.  W.  Stump  of  New  York. 

V  V 

Announcement  is  made  by  the  Sharon  Pressed  Steel  Com- 
pany of  Sharon,  Pa.,  of  the  appointment  of  Mr.  William  J. 
Cleary  as  assistant  general  sales  manager.  Mr.  Cleary's  head- 
quarters will  be  in  No.  1214  Dime  Bank  Building,  Detroit,  Mich., 
and  his  duties  will  cover  the  automotive  industry  in  general. 

V  V 

Alfred  M.  Oppenheimer,  president  of  the  A.pollo  Steel  Com- 
pany and  a  member  of  the  firm  of  M.  Oppenheimer  &  Company, 
has  been  elected  a  director  of  the  Exchange  National  bank  to 
fill  the  vacancy  caused  by  the  death  of  Albert  H.  Childs. 

V  V 

William  K.  Singleton,  general  manager  of  sales  of  the  Carna- 
han  Tin  Plate  &  Sheet  Company,  Canton,  Ohio,  effective  Janu- 
ary 15,  became  identified  with  the  tin  plate  division  of  the 
American   Steel  Company,   Pittsburgh. 

V  V 

Edward  H.  Bindley,  who  is  vice  president  and  director  of 
the  Pittsburgh  Steel  Products  Company  and  who  has  been  vice 
president  and  director  of  the  Neely  Nut  &  Bolt  Company,  Pitts- 
burgh, has  been  elected  president  of  the  Neely  company  in  suc- 
cession to  his  father,  the  late  John  Bindley.  At  the  recent 
annual  meeting  of  the  Neely  Nut  &  Bolt  Company  R.  A.  Lack- 
ncr,  secretary,  treasurer  and  general  manager  of  the  company, 
was  elected  vice  presidnt,  treasurer  and  general  manager,  and 
Albion  Bindly,  formerly  a  director  of  the  Neely  company,  was 
elected  secretary, 

V  V 

Frank  A.  Weidman,  who  for  12  years  was  affiliated  with  the 
.American  Sheet  &  Tin  Plate  Company,  Pittsburgh,  latterly  as 
a  member  of  its  special  agents'  department,  became  identified 
with  the  Inland  Steel  Company,  Chicago,  on  January  15,  as  spe- 
cial representative. 
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BOWSER  &  COMPANY  ANNOUNCE  A  PISTON— TYPE 
"VISIBLE"   GASOLINE   PUMP 

Of  five-gallon  capacity,  this  new  pump  is  based  on  the  time- 
proven  principle  of  piston  type  measurement  and  incorporates  the 
famous  Bowser  water  separating  filter  which  extracts  all  moisture 
from  the  gasoline  discharged.  It  also  has  several  new  features 
for  the  protection  of  the  public. 

A  bell  announces  the  completion  of  each  gallon  measurement 
of  the  piston  stroke.  Thus  the  customer  can  check  the  meas- 
urement without  watching  the  pump. 

To  prevent  any  misunderstanding  between  seller  and  buyer 
as  to  the  amount  discharged,  large  dial  indicators  record  each 
individual   sale. 

But  the  most  interesting  feature  of  this  pump  to  the  cus- 
tomer is  a  sight  glass  located  in  the  discharge  arm  which  per- 
mits him  to  see  the  gasoline  both  before  and  during  discharge. 
Seeing  the  gasoline  through  this  sight  glass  before  discharge, 
the  purchaser  is  absolutely  assured  of  accurate  measurement. 
Seeing  the  gasoline  flow  through  the  sight  glass  into  the  hose 
leading  to  his  car,  he  is  again  assured  that  he  is  getting  all  of 
the  ga.soline  discharged  by  the  pump. 

This  pump  is  power  operated  by  air  pressure  on  an  auxiliary 
cylinder  which  makes  the  power  application  absolutely  safe  in 
connection  with  gasoline.  It  is  also  arranged  for  hand  opera- 
tion. All  driving  parts  run  in  oil,  assuring  long  life  and  easy 
operation. 

While  this  new  pump  adheres  to  the  piston-type  measuring 
principle,  for  which  Bowser  &-  Company  have  always  stood,  it 
affords  every  virtue  of  "vibibility."  with  no  sacrifice  of  safety, 
either  to  buyer  or  seller,   in  the  handling  of  gasoline. 


CLEVELAND   CRANE   &   ENGINEERING   COMPANY 
COMPLETES  BIG  CRANE   FOR  ARMOR  PLANT 

One  of  tl'.e  most  inteiesting  engineering  accomplishments  for 
the  year  is  the  completion  of  the  huge  crane  that  the  Cleveland 
Crane  &  Engineering  Company  of  WickliiTe,  Ohio,  undertook  to 
build  for  the  U.  S.  Government  armor  plate  plant  at  Charleston. 
W.  Va. 

When  it  is  realized  that  *he  runway  of  this  crane  is  165  feet 
above  ground — a  distance  equal  to  a  IS-story  office  building — 
and  the  pit  is  100  feet  below  the  floor  level,  the  unusual  condi- 
tions that  had  to  be  met  become  somewhat  apparent. 

The  crane  has  a  span  of  104  feet,  a  capacity  of  75  tons,  and 
is  driven  by  two  200-hp.  motors.  The  hoisting  speed  is  50  feet 
per  minute,  fully  loaded,  and  the  lowering  speed  is  100  feet  per 
minute  under  tlie  same  conditions.  \'ery  excellent  indeed  for 
a   crane   of   this   size. 

-Another  interesting  feature  of  its  design  that  engineers 
should  note  is  its  ability  to  stop  a  full  load  descending  at  the  rate 
of  100  feet  per  minute  in  the  unusually  short  space  of  a  single 
foot. 

The  crane  is  of  the  double  bridge  drive  type  and  is  pulpit 
operated.  Further  details  will  be  gladly  furnished  to  those  in- 
terested bv  the  makers  of  the  crane. 


as  well  as  large,  is  the  purpose  of  the  l.iftahout.  a  small  general 
tuility  Iioist  recently  announced  by  the  Shepard  Electric  Crane 
&  Hoist  Company.  Montour  Falls,  N.  Y.  The  possible  uses  of 
the  Liftabout  are  well  suggested  in  its  name  for  it  can  be  ap- 
plied to  advantage  in  lifting  most  anything  and  carrying  it  most 
any  place.  Heretofore  many  have  been  under  the  impression 
that  an  electric  hoist  coiild  be  used  only  for  the  big.  heavy  re- 
handling  jobs  and  that  it  was  not  adaptable  to  the  smaller  ones. 
The  Liftabout  is  particularly  designed  and  suited  not  only  to 
usual  lifting  jobs  encountered  in  factories,  mills  and  warehouses, 
but  also  for  the  more  specialized  jobs  in  apartment  houses 
handling  ashes,  in  ice  plants  pulling  the  heavy  cans,  in  slaughter 
liiiuses  expediting  the  kill  and  in  .garages  raising  chasses. 
Wherever  hand  labor  is  now  employed  on  any  job  of  lifting, 
carrying  and  putting  down  the  Liftabout  afifords  a  new  and  far 
more  economical  means  of  doing  the  work. 

In  use  the  Liftabout  is  most  versatile  for  it  can  be  operated 
wherever  electric  current  is  available  and  is  easily  installed  on 
the  side  of  a  building,  on  the  ceiling  of  a  basement,  or  in  any 
l)oint  that  will  bear  the  weight  of  a  load.  One  man — any  man — 
can  run  a  Liftabout  and  with  it  he  can  do  the  work  of  many, 
much  more  rapidly  and   with   far  greater  efficiency. 

On  most  any  load  moving  job  flie  savings  in  time  and  labor 
that  this  mechanical  means  makes  will  quickly  refund  its  modest 
initial  cost.  In  developing  and  marketing  this  product  the  Shep- 
ard  Company  has  undoubtedly  broadened  the  field  where  elec- 
tric hoists  may  be  effectively  applied. 


POWER  LIFTING  AVAILABLE  FOR  EVERY  LOAD 
MOVING  JOB 

To  provide  an  electric  hoist  for  every  load  moving  job.  small 


SOUTHWARK   AUTOMOBILE-BODY    PRESS 

'Die  Southwark  Foundry  &  Machine  Company,  Philadel- 
Iihia,  Pa.,  has  recently  developed  an  all-steel  hydraulic  press, 
l>articularly  for  use  in  the  manufacture  of  automobile  bodies. 
The  press  has  a  capacity  of  450  tons.  The  main  ram  is  lo- 
cated in  the  lower  base,  to  which  are  secured  the  four  col- 
umns. One  clamping  platen  and  one  stripper  platen  are  pro- 
vided. 

The  stripper  platen  carries  four  hydraulic  cylinders,  which 
act  upon  a  forged  steel  plate,  which  in  turn  carries  60  strip- 
per pins  I'/y  in.  in  diameter  and  projecting  through  the 
clamping  platen.  The  claniijing  platen  itself  is  a  solid  steel 
casting,  and  is  provided  with  T-slots.  The  top  platen  car- 
ries eight  hydraulic  jacks  used  for  clamping,  each  having  a 
5-in.  ram  and  5-in.  stroke.  The  position  of  the  top  platen 
is  adjustable,  so  as  to  suit  various  sizes  of  dies. 

The  press  is  controlled  b\-  a  single-lever  operating  valve, 
which  first  admits  low  pressure  to  the  four  jack  cylinders 
and  at  the  same  time  low  pressure  to  the  main  ram.  As  soon 
as  the  dies  come  together,  high  pressure  is  admitted  through 
the  steel  operatin.g  valve,  thus  form.ing  the  work  to  whatever 
shape  is  given  it  by  the  dies.  The  clamping  cylinders  are 
controlled  automatically  from  the  low-pressure  filling  tank, 
and  are  capable  of  standing  an  hydraulic  pressure  of  5,000 
lbs.  per  square  inch.  The  press  has  a  die  space  of  7x5  feet, 
and  the  vertical  opening  between  the  plattens  is  18  in.  as  a 
minimum  and  4  feet  as  a  maximum. 
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The  Boston  office  of  the  Cutler-Hammer 
Manufacturing  Company.  Milwaukee,  has 
been  moved  from  the  Columbian  Life 
Building  to  Rooms  403  and  404  Harvey 
Building,  Chancy  street.  Mr.  C.  W.  Yer- 
ger  is   manager  of  this  office. 

The  R.  H.  Beaumont  Company,  Phila- 
delphia, contractors  for  coal,  coke  and  ash 
handling  systems  at  boiler  houses  and 
gas  plants,  are  increasing  their  sales  force 
as  follows:  Mr.  P.  K.  Reed,  formerly 
chief  engineer,  will  enter  the  sales  de- 
partment and  will  be  located  at  Philadel- 
phia. Mr.  H.  D.  Williams,  a  former  en- 
gineer, will  enter  the  sales  department  and 
will  be  added  to  the  New  York  office  force. 
The  company's  Pittsburgh  office  will  move 
to  the  Oliver  building  and  will  be  in  charge 
of  Mr.  Charles  W.  Ross.  Mr.  Ross  was 
formerly  New  York  manager.  All  of  these 
men  are  well  trained  in  the  fundamentals 
of  coal,  coke  and  ash  handling  equipment 
and  are  prepared  to  serve  plant  managers 
quickly  and  efficiently  in  all  problems  of 
this  nature. 

The  City  of  New  York  Department  of 
Docks  has  announced  the  award  of  con- 
tract to  the  Wellman-Seaver-Morgan  Com- 
pany of  Cleveland,  Ohio,  for  34  cargo 
handling  cranes.  This  will  be  the  largest 
mstallation  of  dock  cranes  ever  under- 
taken on  this  side  of  the  Atlantic.  The 
cranes  are  to  be  in  operation  within  one 
year  from  date  of  award  of  contract. 
They  will  be  installed  on  Piers  12  and 
13,  known  as  the  Pan-American  docks,  at 
Stapleton,  Staten  Island. 

F.  J.  Ryan  &  Company,  Wesley  Building, 
Philadelphia,  announce  the  receipt  of  the 
following  contracts:  Bath  Iron  Works, 
Bath,  Me.,  for  the  installation  of  Mires 
system  of  fuel  oil  burning  on  bar  and  plate 
furnaces;  Commonwealth  of  Pennsyl- 
vania, Prison  Labor  Bureau.  Huntingdon. 
Pa.,  three  electric  oven  equipments  to  be 
used  in  the  process  of  baking  of  automo- 
bile tags;  Philadelphia  Spring  Works, 
Philadelphia,  Pa.,  one  oil  f^red  spring  fit- 
ting furnace  and  one  oil  fired  drawing 
furnace. 

Combustion  Engineering  Corporation  an- 
nounce the  opening  of  a  new  branch  office 
at  .S06  First  National  Bank  Building,  Pitts- 
burgh, Pa.  This  office  will  be  in  charge 
of  Mr.  W.  C.  Stripe,  formerly  manager 
of  our  Philadelphia  office. 

The  Orton  &  Steinbrenner  Company  of 
Chicago,  manufacturers  of  locomotive 
cranes,  clam  shell  and  orange  peel  buckets, 
have  made  arrangements  with  Walter 
Hasendahl,  1213  Fuller  avenue,  Los  An- 
geles.  Cal.,   to   represent  them. 

Mr.  W.  B.  Wachtler,  until  recently 
manager  of  the  Chicago  district  for  the 
Industrial  Bearings  Division,  Hyatt  Roller 
Bearing  Company,  has  been  promoted  and 


transferred  to  the  New  York  headquarters 
of  the  division  as  engineer  in  charge  of 
general   applications. 

The  Wilson  Welder  &  Metals  Company 
have  moved  their  general  offices  and  Bush 
Terminal  factory  to  132  King  street.  New 
York,  N.  Y.  They  have  installed  addi- 
tional facilities  which  will  enable  them  to 
handle  their  business  in  certified  plastic  arc 
welding  metals  in  addition  to  Wilson  plas- 
tic  arc   metals. 

W.  S.  Rockwell  Company  announce  that 
Oibbons  Bros.,  Ltd.,  Dudley,  Wore,  Eng- 
land, has  been  appointed  their  represen- 
tatives  for  the  British  Isles 

The  friends  of  C.  H.  Davies  will  be 
interested  to  learn  that  he  has  severed  his 
connection  with  the  S.  F.  Bowser  Pump  & 
Tank  Company,  with  whom  he  has  been 
associated  the  past  16  years.  Mr.  Davies 
has  already  taken  up  his  new  duties  with 
the  Citrus  Products  Company  of  Chicago 
and  will  be  in  charge  of  advertising  and 
marketing,  for  which  work  his  previous 
experience  has  so  well  equipped  him. 

The  Hyatt  Roller  Bearing  Company, 
New  York  City,  has  been  awarded  the 
contract  to  furnish  Hyatt  mill  table  bear- 
ings for  the  main  tables  of  34-inch  bloom- 
ing mill  of  the  Allegheny  Steel  Company. 
Brackenridge,  Pa.  The  Allegheny  Com- 
pany has  for  several  years  operated  the 
tilting  tables  of  the  100-inch  plate  mill 
with  the  Hyatt  type  of  bearing  on  all  table 
rollers  and  line  shafts. 

R.  D.  Wood  &  Company.  Philadelphia, 
vvhich  for  many  years  has  been  manufac- 
turing hydraulic  machinery  and  gas  pro- 
ducers, will  continue  active  in  this  busi- 
ness, notwithstanding  the  recent  sale  of 
the  equipment  of  the  Camden  Iron 
Works,  of  which  the  former  were  owners. 
The  sale  made  by  the  receivers  of  the 
Camden  Iron  Works  does  not  affect  the 
plans  of  R.  D.  Wood  &  Company  for  con- 
tinuing in  the  manufacture  of  hydraulic 
machinery,  gas  producers,  etc.,  in  which 
It  has  been  prominent  for  more  than  30 
years,   that   company   states. 

The  Northern  Indiana  Gas  &  Electric 
Company  has  decided  upon  e.xtensive  im- 
provements to  the  several  plants  of  its  sys- 
tem and  contracts  have  been  awarded  for 
this  work  to  the  U.  G.  I.  Contracting  Com- 
IJany  of  Philadelphia.  The  work  includes 
an  outdoor  sub-station  with  switching 
equipment,  three  1667-kva.  transformers 
and  a  2500-kw.  frequency  changer  at  Ham- 
mond, switching  equipment  and  reactors 
at  East  Chicago  and  a  2000-kva.  synchro- 
nous condenser,  outdoor  sub-station  and 
switching  equipment  at  Michigan  City.  At 
the  Fort  Wayne  gas  plant  new  washer-tar 
batters  and  connections  are  to  be  insti"i(. 
Mutually  satisfactory  arrangements  have 
been  made  between  the  Combustion  En- 
gineering Corporation  and  the  George  J. 
Hagan  Company  of  Pittsburgh,  whcrtby 
the  Hagan  Company  discontinues  rep.-e-en- 


tation  of  the  Combustion  Engmcerini;  Cor- 
I)oration.  The  Combustion  Engineerirg 
Corporation  has  opened  its  own  office  ;n 
the  First  National  Bank  Building.  Pitts- 
burgh. Pa.,  and  will  soon  open  an  office  )n 
Cleveland.  Ohio,  both  of  which  will  be  in 
cargc  of  Mr.  W.  C.  Stripe,  former  mana- 
.gor  of  the  Philadelphia  oflu-e. 
Bominmuiiiimiiiniiiniiimiiirim i iiiii iiiiiiiiiiiiiiiiiiiMiiiiiiiimniimiiwiiiiiiiininniu 
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The  Uehling  Instrument  Company  have 
recently  developed  a  very  efficient  filter  in- 
tended primarily  for  supplying  clean  P.ue 
gas  to  their  COj  recording  equipment.  The 
filter  proper  is  made  of  a  very  highly  re- 
fractory material  and  is  remarkably  effi- 
cient  for  its  purpose. 

"The  Romance  of  Wire  Rope."  by  John 
K.  Mumford,  is  the  title  of  a  137-page 
illustrated  book  recently  published  by  the 
John  A.  Roebling's  Sons  Company.  The 
book  is  written  in  a  popular  way,  under- 
standable to  the  layman  and  in  no  mean- 
ing of  the  term  is  it  technical.  It  is  his- 
torical to  a  certain  extent  and  is  very  in- 
teresting. 

The  Pennsylvania  Pump  &  Compressor 
Company  of  Easton.  Pa.,  have  just  is- 
sued a  new  bulletin  covering  their  single 
stage,  straight  line,  air  compressors  and 
vacuum  pumps  in  both  belt  and  steam 
driven  types.  In  addition  to  the  descrip- 
tion of  their  equipment,  the  booklet  is  quite 
complete  as  to  the  table  of  standard  sizes 
and  other  essential  data.  A  copy  will 
be  sent  upon  request  from  the  company. 

The  Mesta  Machine  Company  have  is- 
sue! Bulletin  "U,"  covering  their  Una- 
Flow  engines  built  under  Stumpf  patents. 
The  bulletin  covers  Una-Flow  mill  engines. 
Una-Flow  blowing  engines  and  Una-Flow 
power  engines.  A  copy  will  be  sent  upon 
request  to  the  company. 

Babbitting    motor    bearings    is    described 
in  detail  in  Circular  Reprint  No.  104,  pub- 
lished   by    the    Westinghouse    Electric    & 
Manufacturing  Company,  East   Pittsburgh. 
Pa.      The    publication    is    a    discussion    of 
the   production   of   babbitt    metal   by   J.    S. 
Dean,   of  the   Railway   Motor   Engineering 
Department,    Westinghouse    Electric    Com- 
pany, and   it  contains  a  number  of  photo- 
graphs of  equipment  used  in  the  manufac- 
ture of  babbitt  metals  as  well  as   the  re- 
sults of  various  tests  of  samples  of  alloys. 
A  new  bulletin  on  the  Quigley  Fuel  Sys- 
tems,   comprising     methods     of     preparing, 
transporting    and     burning     of     pulverized 
fuels  has  just  been  published  by  the  Har- 
(linge  Company,  120  Broadway.  New  York. 
This  bulletin  is  known  as  No.  12  and  treats 
the  subject  of  pulverized   fuels  in  a  man- 
ner  never   before   attempted.     One   of   its 
distinguishing  features  is  the  fact  that  em- 
phasis  is  laid  upon  the  methods   employed 
to  properly  prepare  and  burn  the  powdered 
coal,    rather    than    occupying    most    of    the 
space  discussing  the  pulverizer. 
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Discussion  on  the  Disintegration  of  Blast 

Furnace  Linings 

This  Is  a  Discussion  of  an  Article  Written  by  P.  O.  Menke  on 
This  Subject  and  PubHshed  in  the  February  Issue  of  The  Blast 
Furnace  and  Steel  Plant. 

By  RAYMOND  M.  HOWE* 


THE  first  article  on  this  subject  appears  to  have 
been  written  by  John  Pattinson  in  1876. f  The  fur- 
nace involved  was  85  feet  high  and  27  feet  in  di- 
ameter at  the  boshes.  After  being  in  blast  five  years 
the  top  brick  became  contaminated  with  carbon  and 
disintegrated.  Upon  examination  of  the  lining  it  was 
found  that  the  discolored,  disintegrated  brick  were  in 
a  zone  found  from  35  to  67  feet  above  the  hearth.  Im- 
mediately below  them  the  brick  were  hard  and  porce- 
lain-like in  appearance.  This  zone  extended  from  22 
to  40  feet  above  the  hearth.  Analyses  of  samples 
taken  from  the  different  sections  follow.  The  water- 
soluble  portion  found  in  the  sample  taken  39  feet  above 
the  hearth  had  a  composition  of  approximately  (See 
analysis  4,  Table  I)  : 


Silica 

Lime 

Potash 

Soda 

Potassium  chloride 

Moisture 

Total 


.50 
.04 
.78 

.20 
6.19 
1.03 

8.74 


The  carbon  deposits  consisted  of  84.9  per  cent  car- 
bon and  15.1  per  cent,  ash,  most  of  which  was  oxide  of 
iron.    (See  Table  I.) 

Judging  from  Pattinson's  statements  the  conditions 
in  the  furnace  might  be  analyzed  as  follows : 

The  charge  contained  appreciable  amounts  of  alkali 
(probably  as  chlorides)  which  volatilized  in  the  vicinity 
of  the  bosh.  These  chlorides  either  permeated  the 
lining  in  the  hotter  portions,  condensed  on  the  cool 
portions,  or  passed  out  of  the  furnace. 

Where  the  temperature  conditions  were  favorable, 
the  chlorides  behaved  in  the  usual  way  and  reacted 
with  the  iron  to  form  potassium  oxide,  sodium  oxide 
and  volatile  ferric  chloride.  The  soda  and  potash  then 
reacted  with  the  fire-clay  to  form  a  dense  porcelain- 


*  Senior  Fellow,  Refractories  Manufacturers'  Association 
Fellowship,  Mellon  Institute  of  Industrial  Research,  Univer- 
sity of  Pittsburgh.  Pittsburgh,  Pa. 

t  J.  Pattinson,  on  carbon  and  other  deposits  from  the  gases 
of  blast  furnaces  in  Cleveland.    J.  Iron  Steel  Inst.,  8,  85,  1876. 


TABLE  I. 

1. 

II. 

III. 

IV. 

V. 

Section 

Section 

Section 

67' 

45' 

39' 

Section  of 

Original 

.•\bove 

Above 

Above 

Vitrified 

Lining. 

Hearth. 

Hearth. 

Hearth. 

Portion. 

Silica    .  .  . 

,    55.70 

55.60 

55.67 

47.60 

37.07 

Alumina 

.   3S.su 

35.40 

30.00 

26.47 

23.18 

Ferric 

o.xide    . 

.     4.00 

2.67 

3.00 

1.32 

.96 

Lime    . . . 

.       .30 

.34 

.23 

.06 

.17 

Magnesia 

.     1.21 

1.22 

.95 

.86 

.00 

Potash     . 

.     2.60 

2.10 

5.30 

7.54 

21.59 

Soda  ..  ,  . 

.45 

.42 

1.67 

.76 

6.28 

Carbon    . 

.05 

3.24 

5.97 

Carbon 

dioxide 

2.17 

Water    .  . 

7.70 

Water 

soluble 

8.74 

Total    ..   99.83 


99.80 


lUO.lO 


99.32 


99.12 


like  body  having  a  composition  similar  to  that  of  true 
porcelain  (see  analysis  No.  V). 

The  slightly  cooler  lining  above  this  was  contam- 
inated with  chlorides  which  caused  some  of  the  iron 
to  volatilize  but  which  did  not  react  to  form  a  dense 
hard  structure.  It  was  in  this  zone  that  the  carbon 
deposition  was  greatest  (see  analysis  No.  IV).  The 
still  cooler  sections  above  this  were  not  even  penetrated 
by  the  alkalies. 

Naturally  Pattinson  concluded  that  the  skin  or  coat, 
which  extended  to  about  40  feet  above  the  hearth,  pro- 
tected this  part  of  the  lining  from  the  various  de- 
structive influences.  He  also  concluded  that  a  low 
iron  content  in  fire  bricks  is  most  desirable,  for  the 
carbon  deposits  build  up  about  iron  spots.  Further- 
more, he  suggested  the  use  of  very  hard,  dense  top 
brick  as  a  means  of  duplicating  the  impervious  coat 
which  he  believed  to  be  so  favorable  to  long  service. 

After  finishing  his  laboratory  work,  he  visited  sev- 
eral other  plants  in  order  to  see  whether  or  not  the 
condition  noted  by  him  was  rare  or  one  which  had  been 
previously  overlooked.  He  found  a  distorted  flue  lin- 
ing, a  disintegrated   lining,  and  section  near  a   burst 
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slu'll,  all  of  wiiicli  sliDWcd  excessive  carixm  (lepusitinii 
at  or  near  the  jjoint  of  failure. 

Mr.  I.  L.  Bell  discussed  this  paper  and  stated  that 
iron  causes  a  deposition  of  carbon  from  flue  gas.  Suc- 
cessive layers  are  built  up  from  the  surface  of  the  iron 
and  exert  a  tremendous  disintegrating  or  disrupting 
effect  upon  the  containers. 

The  chemistry  of  this  phenomenon  remained  ob- 
scure for  several  years  after  Bell  and  Pattinson  had 
made  their  findings  public.  In  1891,  however,  Messrs. 
Mond  and'Quincke  jirepared  iron  carbonyl  by  passing 
carbon  monoxide  over  iron  for  a  period  of  6  weeks  at 
a  tem])erature  of  from  200  to  350  deg.  C  This  com- 
bination between  iron  and  carbon  monoxide  was  ob- 
served to  be  sluggish  and  extremely  sensitive  to  tem- 
perature changes.  When  higher  or  lower  temperatures 
were  involved,  metallic  iron,  carbon  and  carbon  dioxide 
were  formed. 

Thus  the  penetration  of  iron  by  carbon  and  the  pre- 
cipitation of  carbon  from  carbon  monoxide  appear  to 
be  similar  to  the  penetration  of  siKer  by  oxygen  and 
of  platinum  by  hydrogen. 

This  reaction  was  further  studied  by  Schenck  and 
Zimmerman  in  1905.*  They  found  that  the  deposition 
of  carbon  from  carbon  monoxide  did  not  take  place- 
in  the  presence  of  iron  oxide  but  that  the  presence  of 
iron  or  certain  other  metals  was  necessary.  When 
such  a  metal  was  oxidized  by  CO  it  took  place  in  two 
steps. 

Fe  -f  2  CO         Fe      +  CO.,  +  C         I. 
Fe  +  CO,  FeO  -f  CO  II. 

They  also  found  that  if  the  partial  pressures  of 
carbon  monoxide  and  carbon  dioxide  in  the  furnace. 
taken  together,  are  greater  than  the  critical  pressure. 
then  the  oxidation  of  iron  takes  place  with  the  deposi- 
tion of  carbon.  If  the  pressure  is  less,  carbon  can  be 
deposited  but  no  iron  will  be  oxidized. 

The  critical  pressure  varies  only  with  the  tempera- 
ture and  is  as  follows  : 


500  deg. 

C. 

= 

15  mm 

550  deg. 

C. 

— 

35   mm 

600  deg. 

C. 

= 

70  mm 

650  deg. 

C. 

z= 

145  mm 

750  deg. 

C. 

= 

305  mm 

750  deg. 

C. 

= 

535  mm 

800  deg. 

C. 

=r 

800  mm 

Mr.  F.  \V.  Lurmann  discussed  the  situation  in  1898. t 
He  showed  in  detail  how  all  refractory  clays  contain 
pyrites,  which  burn  to  form  iron  spots.  These  spots 
are  the  centers  for  carbon  deposition,  which  takes  place 
at  from  300  to  400  deg.  C.  He  had  observed  that  fire 
bricks  (made  at  the  same  time)  remained  strong  when 
used  at  higher  or  lower  temperatures,  while  those  sub- 
jected to  blast  furnace  service  at  the  indicated  tem- 
peratures disintegrated. 

Mr.  F.  Firmstone  described  a  more  recent  failure. i 
In  the  case  under  consideration  he  found  that  a  verv 


'  Mond  and  Quincke,  Xote  on  a  volatile  compound  of  iron 
and  carbonic  oxide.  Proc.  Chem.  Soc.  100,  117,  1891;  J.  See. 
Chem.  Ind.,  10.  644.  1891, 

*  Schenck  and  Zimmerman.  Study  of  the  equilibrium  be- 
tween Fe,  FeO,  C,  CO  and  CO=,  Stahl  u.  Eisen.  6,  1905. 

t  F.  W.  Lurmann,  "Destruction  of  Blast  Furnace  Linings 
by  Carbon  Separation."  Stahl  u.  Eisen,  18,  168,  1917. 

t  F,  Firmstone,  "Alteration  of  Fire  Brick  by  Furnace 
Gases,"'  Trans.  Am.  Inst.  Mining  Eng,,  34,  437,  1903. 


good  coating  had  protected  the  brick  up  to  a  height  of 
40  feet  from  the  bottom,  while  the  bricks  above  this 
disa|)pcared  entirely.  An  analysis  of  this  coating,  of 
the  original  brick  and  of  the  jjrotccted  brick  follows: 

TABLE  n. 

Brick  1" 

Original  Inside 

Brick.  Coating.  of  Coating. 

Silica    55.62  40.23  57,63 

Alumina    .38.55  12.22  31.64 

Iron  oxide   4.17  11.93  3.73 

Lime 24  10.92  .24 

-Magnesia 24  4.31  .11 

Potash     95  9.39  2.59 

Soda 29  8.43  .51 

Zinc    ....  1.51 

Zinc   oxide ....  .59     . 

Total    1(10.06  97.43  98.55 

Firmstone  did  not  discover  the  presence  of  soluble 
salts  in  any  of  the  remaining  lining  nor  did  he  discover 
appreciable  amounts  of  carbon.  He  did  find  that  the 
bell  was  impregnated  with  carbon  and  that  the  protec- 
tive coating  was  high  in  alkali.  Therefore,  he  con- 
cluded that  the  conditions  were  duplications  of  those 
observed  by  Pattinson. 

He  stated  that  the  furnace  had  been  stopped  several 
times  because  of  the  shortage  of  coke  and  that  it  was 
badly  scaffolded.  These  scaiTolds  were  responsible  for 
hot  and  cold  spots,  resulting  in  producing  a  wide  tem- 
perature range,  part  of  which  would  favor  carbon 
deposition. 

Bernhard  Osann§  does  not  accept  the  carbon  depo- 
sition theory  of  disintegration  but  intimates  that  this 
is  due  to  the  presence  of  alkalies. 

These  varifius  opinions  might  be  summarized  as 
follows : 

I.  Iron  (and  possibly  its  oxides)  will  cause  a  pre- 
cipitation of  carbon  from  carbon  mono.xide  at  tem- 
peratures between  300  deg.  and  400  deg.  C.  This  ao- 
tion,  although  slow,  may  result  in  the  building  up  of 
large  carbon  deposits  (about  relatively  small  centers) 
and  in  so  doing  disrupts  the  material.  The  necessary 
conditions  for  such  deposition  and  subsequent  disinte- 
gration prevail  in  blast  furnace  tops.  Since  carbon 
deposition  has  been  heavy  in  several  of  the  linings 
which  failed,  many  authors  believe  that  this  is  re- 
sponsible for  their  failure.  Furthermore,  they  believe 
that  this  condition  is  more  prevalent  than  is  generally 
appreciated. 

II.  -Alkali  chlorides  are  present  in  many  furnaces 
and  penetrate  the  lining.  They  then  react  with  the 
iron  present,  forming  iron  chloride,  which  is  volatile. 
When  the  temperature  is  sufficiently  high,  these  chlor- 
ides combine  with  the  lining  and  produce  a  strong,  im- 
pervious, porcelain-like  protective  coating.  This  coat- 
ing protects  the  inner  lining  from  the  action  of  fur- 
nace gases,  the  erosion  of  the  charge  and  similar  de- 
structive influences. 

Later  publications  attribute  disintegration  to  the 
use  of  high-barium,  high-sulphur  ores.|I  The  zinc 
deposition  theory  is  now  advanced  by  Mr.  Menke-  and 

§  Bernhard  Osann,  — ,  Stahl  u.  Eisen,  23,  823,  1903. 

U  R.  M.  Howe,  Blast  Furnace  Refractories,  Bui.  .-Km.  Inst, 
Mining  Met.  Eng.,  153,  5,  1920. 

-  P.  O.  Menke,  Disintegration  of  Blast  Furnace  Linings, 
Blast  Furnace  and  Steel  Plant,  10,  116,  1922. 
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circumstantial  evidence  in  its  favor  is  strong  indeed. 
It  is  interesting  to  note  that  Firmstone,  in  1903.  also 
reported  the  presence  of  zinc  in  the  lining  investigated 
by  him  ;  other  investigators  have  reported  the  presence 
of  metals  which,  according  to  Schenck,  precipitate 
carbon. 

The  appearance  of  Mr.  P.  O.  Menke's  article  on 
blast  furnace  lining  disintegration  is  particularly  sig- 
nificant at  this  time.  Most  articles  of  this  nature  bring 
out  the  fact  that  the  furnace  was  operated  intermit- 
tently because  of  business  conditions,  lack  of  coke,  or 
operating  difficulties.  In  fact  he  mentions  that  bank- 
ing, shoveling  out  or  cooling  aggravate  disintegration 
which  is  less  noticeable  with  continuous  operation. 

Various  explanations  are  made  from  time  to  time 
and  in  a  great  many  cases  careful  study  reveals  that 
they  are  simply  attempts  to  attribute  the  failure  to 
the  refractory  lining  and  to  detract  attention  from 
operating  conditions.  Experienced  metallurgists  are 
content  to  state  that  the  bursting  of  a  shell  is  due  to 
an  abnormally  high  coefificient  of  expansion  of  the 
fire  brick,  forgetting  that  the  coefficient  of  expansion 
is  one  of  its  most  constant  characteristics.  Another 
explanation  has  been  based  on  the  assumption  that 
the  flint  clay  in  the  lining  is  not  always  properly 
weathered,  thereby  overlooking  the  fact  that  an  out- 
standing characteristic  of  flint  clav  is  that  it  does  not 
weather. 

One  statement  made  by  Mr.  Menke  appears  to  be 
worthy  of  more  than  passing  consideration.  He  states 
that  they  investigated  a  lining  that  was  apparently  in 
perfect  condition,  but  discovered  that*  only  the  inner 
four  inches  were  solid.  The  remainder  of  the  lining, 
except  one  small  zone  next  to  the  shell,  could  be  crum- 
bled in  the  hand.  This  observation  has  been  made 
before  and  in  fact  was  described  by  the  writer  in  1919. 
Is  it  not  possible,  therefore,  that  many  of  the  linings 
in  service  are  partially  or  totally  disintegrated  except 
for  the  inner  and  outer  zones?  This  condition  could 
easily  exist  in  normal  times  without  being  noticed. 
In  periods  of  depression,  however,  the  operator  ex- 
amines his  lininsfs  carefully  and  perhaps  becomes 
alarmed  over  conditions  that  might  not  be  serious.  The 
lining  described  bv  Mr.  Menke  is  still  in  service  in 
spite  of  the  fact  that  it  was  so  badly  disintegrated  back 
of  the  four-inch  inner  face.  If  this  inner  face  were  to 
wear  away  would  not  the  lime  and  alkalies  penetrate 
further,  react  with  the  brick  dust,  sinter  the  soft  ma- 
terial into  place,  and  thus  maintain  a  hard  inner  face 
of  this  thickness?  If  this  were  not  the  case  soft,  and 
not  hard  inner  faces,  would  be  observed  when  used 
linings  were  examined,  for  the  1"  face  would  be  quick- 
ly coroded. 

Returning  to  the  discussion  of  facts,  the  writer 
wishes  to  comment  upon  certain  points  mentioned  that 
are  of  particular  interest  to  the  manufacturer  of  blast 
furnace  linings.  Mr.  Menke  states  that  their  quality 
has  decreased  during  the  past  six  years  due  to  care- 
lessness on  the  part  of  the  workmen,  that  more  plastic 
clay  is  now  being  used,  that  the  flint  clays  are  being 
ground  finer,  that  too  much  stress  is  being  placed  upon 
producing  a  smooth  brick  of  good  appearance  and  that 
the  resistance  of  different  brick  to  zinc  fumes  should 
be  studied.  While  he  criticises  the  refractories  manu- 
fncturer.  Mr.  Menke  is  fair  in  stating  that  disintegra- 
tion cannot  be  due  entirely  to  the  inferior  quality  of 
the  linings. 

The  manufacturer  had  no  control  over  the  care  exer- 


cised ])y  his  workmen  during  the  past  few  years,  a 
fact  which  has  been  admitted.  On  the  other  hand,  the 
workman  has  never  been  supplied  with  such  complete 
information  regarding  his  raw  material  as  at  present. 
If  he  accepts  inferior  clay  he  does  so  knowingly.  It  is 
doubtful,  however,  if  this  is  being  done  to  any  great 
extent,  for  a  recent  study  of  some  half  dozen  linings 
revealed  the  fact  that  they  were  of  a  refractoriness  very 
close  to  the  limit  of  fire-clay  brick.  It  is  also  a  fact 
that  more  plastic  clay  is  not  being  used.  On  the  other 
hand,  the  tendency  is  to  decrease  the  plastic  clay  con- 
tent of  the  more  refractory  brick  as  rapidly  as  the  man- 
ufacturer learns  how  to  manipulate  the  less  plastic 
mixtures. 

It  is  true  that  the  flint  clay  is  being  ground  finer, 
especially  in  the  steam-pressed  brick.  The  manufac- 
turer, under  competitive  conditions,  can  hardly  be  held 
responsible  for  this  tendency,  however.  The  furnace 
men  usually  prefer  a  smooth,  uniform  brick,  that  is 
possible  with  finer  grinding.  Furthermore,  the  tests 
that  are  often  applied  by  consumers  distinctly  favor 
finely  ground,  hard-burned,  machine-made  brick  in 
every  respect  save  spalling,  which  is  unimportant  in 
this  service.  Coarsely  ground  hand-made  hearth  and 
bosh  brick  compress  5.5  per  cent  in  the  standard  load 
test,  while  finely  ground  steam-pressed  brick  of  the 
same  mix  compress  3.0  per  cent.  In  the  slag  test  the 
denser  brick  is  favored  in  the  ratio  of  15  to  1,  a  ratio 
which  does  not  represent  their  relative  values  in 
service. 

There  is  no  question  but  what  the  users  of  refrac- 
tories are  exerting  an  enormous  influence  upon  the 
quality  of  the  product  produced.  If  they  select  linings 
of  fine  grind  because  they  are  denser  or  smoother, 
manufacturers  naturally  meet  their  demands.  Like- 
wise, if  the  consumer  devises  tests  which  favor  a  dense, 
hard-iburned,  machine-made  brick,  the  manufacturers 
do  not  hesitate  to  supply  such  a  product.  It  is  the  con- 
sumer's, not  the  manufacturer's  problem,  to  decide 
whether  lininsfs  will  be  selected  bv  appearance,  tests, 
or  service.  There  is  no  question,  however,  that  many 
of  the  shorter  refractory  tests  give  results  out  of  line 
with  service.  The  manufacturer  can  call  attention  to 
this  fact  but  the  consumer  after  all  controls  the  situa- 
tion. 

Mr.  Menke's  final  statement  is  with  respect  to  the 
.study  of  zinc  penetration.  The  writer  can  only  present 
data'  as  to  the  absorption  of  zinc  by  the  retorts  in 
which  it  is  distilled. 


Per  Cent 

ofZ 

'inc  Lost  Through 

ays  in  Service. 

•\bs 

orption  by  Retort. 

1 

25.79 

2 

23.7R 

3 

14.37 

4 

8.77 

S 

9.24 

6 

6.81 

7 

1.70 

Were  it  possible  to   prevent   this  absorption,   it  is 
f)rnhable  that  the  zinc  metallurgists  would  do  so. 


Editor's  Note — The  suliject  of  "Disinti'ijr.Ttion  of 
Blast  Furnace  Linings,"  has  created  considerable  in- 
terest. ^^'e  would  be  \'ery  glad  to  receive  and  publish 
anv  discussion  which  can  be  offered  on  Mr.  Menke's 
and  Mr.  Howe's  papers. 
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Recent  Development  In  European 

Product  Coking 

The  First  of  a  Series  of  Articles  Dealing  with  the  Various  Types 
of  Electric  Gas  Governors  Introduced  in  Europe — The  Governor 
by  Kress  Is  Described. 

By  A.  THAU 
PART   II. 


By- 


WHILE  in  former  years  fluctuations  in  the  gas 
pressure  on  by-product  coking  plants  were  not 
taken  much  into  account  or  considered  unavoid- 
able, new  propositions  had  to  be  faced  in  this  connection 
with  the  ever  increasing  use  of  coke  oven  gas  for  domes- 
tic purposes,  and  last  but  not  least  with  the  efforts  to 
better  the  efficiency  and  heat  economy  of  the  coking 
plants  by  an  ever  increasing  use  of  coken  oven  gas  for 
varying  purposes. 

Although  the  design  of  the  great  majority  of  the 
apparatus  forming  a  by-product  plant  has  been  taken 
from  gas  works  practice  and  proportioned  accordingly, 
different  conditions  altogether  were  responsible  for  the 
need  and  eventual  introduction  of  new  types  of  govern- 
ors for  which  the  gas  works  devices  were  not  applicable. 


Fig.   1 — Float  arrangement  of  governor  by  Kress. 

The  usual  gas  works  governors  are  working  by  means  of 
a  floating  bell,  either  directly  or  by  means  of  a  balance 
lever  upon  a  bell  shaped  valve  cone  or  a  butterfly  valve 
or  influencing  the  throttle  valve  in  the  steam  main  to 
the  exhaust  engine  or  turbine.  Even  though  such  ar- 
rangements may  work  very  well  on  domestic  gas  plants 
they  fail  to  give  satisfaction  if  it  comes  to  deal  with 
huge  volumes  of  gas  at  very  irregular  pressure  and  con- 
taining a  high  proportion  of  tar  vapor  or  dust. 

The  need  for  special  types  of  governor  has  been  felt 
on  coke  works  for  two  particular  purposes.  First,  for 
regulating  the  gas  exhausters  so  that  the  pressure  inside 
the  retorts  remains  as  closely  as  possible  near  ±  0.  Fur- 
ther need  for  a  special  type  of  governor  made  itself  felt 
in  connection  with  long  distance  gas  supplies,   enabling 


an  adjustment  of  the  pressure  at  will  from  the  source 
of  supply,  i.  e.,  the  coke  works,  and  last  but  not  least 
the  application  of  properly  constructed  burners  to  enable 
the  gas  to  be  burned  with  the  utmost  efficiency,  requiring 
at  the  same  time  a  steady  gas  flow  and  an  even  pressure. 
With  the  great  distance  that  is  often  the  case  between 
coke  oven  battery  and  gas  exhausters  and  between  the 
coke  works  and  place  of  delivery  of  the  gas  for  domestic 
or  industrial  purposes,  it  becomes  quite  evident  that  the 
gas  itself  is  too  slow  a  medium  to  convey  the  variations 
of  pressure  between  considerable  distances  relative  to 
the  gas  pressure. 

The  drawback  in  applying  a  purely  mechanical  oper- 
ating governor  to  the   regidating  of   large  gas  volumes 


Fig.  2 — Regulating  valve  with  electric  motor. 

rests  with  the  fact  that  the  distance  between  the  receiver 
influenced  by  the  variations  of  pressure  and  the  valve  to 
be  moved  to  compensate  them  can  only  be  very  short 
because  the  transmitter  between  the  receiver  and  the 
valve  is  either  a  rigidly  fixed  rod,  in  which  case  the  varia- 
tions must  be  corrected  at  the  same  spot  where  they  are 
received,  or  the  transmitter  consists  of  a  gas  pipe  taking 
the  gas  from  the  spot  where  the  variations  are  received 
and  conveying  them  to  the  mechanism  operating  the 
valve.  One  arrangement  on  works  dealing  with  large 
volumes  of  gas  is  as  unsatisfactory  as  the  other.  The 
former  is  liable  to  cause  the  valve  to  stick  and  jam 
with  tarry  or  dusty  gas,  the  latter  always  lags  behind 
with  its  compensating  movements  and  the  more,  the 
greater  the  length  of  the  transmitter  pipe  line.  This  is 
due  to  the  resistance  the  friction  causes  inside  this  trans- 
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mitter  pipe.  The  electric  governors  in  such  places  fill  in 
a  serious  gap  in  that  the  distance  between  the  spot  where 
the  variations  of  pressure  are  received  and  the  valve  by 
which  they  are  compensated  is  unlimited  and  has  no 
detrimental  effect  upon  the  action  by  transmitting  these 
movements  over  an  electric  cable.  As  the  electric  cur- 
rent transmits  any  movements  which  may  be  caused  bv 
variations  of  the  gas  pressure  acting  upon  a  sensitive  me- 
chanical device  quite  instantaneously,  a  perfect  construc- 
tion of  electrically  operated  governors  has  been  eagerly 
awaited,  not  only  on  coke  works,  but  on  all  plants  han- 
dling large  volumes  of  gas,  such  as  blast  furnaces,  pro- 
ducer plants,  steel  works,  etc.  The  principal  types  of 
electric  governors  brought  out  in  Europe  will  be  briefly 
described  in  the  following  series. 

Governor  by  Kress. 

Kress,    lieing   a    coke    works   manager,    designed    his 
device  principally  tor  regulating  the  suction  of  the  coke 


jecting  on  the  end  opposite  to  the  contacts  and  receiv- 
ing a  sliding  counter  weight  which  can  be  set  to  increase 
or  reduce  the  senstiveness  of  the  instrument.  This  at- 
tachment is  not  shown  in  Fig.  1.  The  cables  connected 
to  the  contacts  /  are  conducted  to  a  switchboard  shown 


Fig.  3 — Regulating  valve  with  electric  motor  right  angle   to 
Fig.  2,  showing  wormdrive  and  friction  arrangement. 

ovens.  The  part  of  the  apparatus  directly  influenced  by 
the  fluctuations  of  the  gas  pressure  is  shown  in  section 
in  Fig.  1.  It  is  placed  near  and  connected  to  the  collect- 
ing main  on  top  of  the  oven  battery  and  consists  of  a 
sheet  iron  case  divided  in  two  compartments,  a  and  b. 
Each  compartment  has  about  one  cubic  foot  capacity 
and  both  are  connected  together  near  the  bottom  by  the 
connection  c.  In  both  compartments  a  and  b  a  bell  d  is 
suspended,  which  are  on  the  sides  constructed  as  hol- 
low annular  floats.  Both  bells  d  are  suspended  loosely 
like  tw'o  pendulums  from  the  balance  lever  c  on  top. 
The  latter  projects  on  one  end  and  reaches  between  two 
pretty  closely  set  contacts  /.  The  box  forming  the  two 
compartments  a  and  b  is  filled  about  half  way  up  with 
water  and  the  gas  enters  the  compartment  a  through 
the  pipe  g  from  underneath,  while  the  space  above  the 
water  around  the  bell  is  accessible  to  the  atmosphere. 
In  the  compartment  b  the  gas  enters  through  a  side 
branch  above  the  water  level,  affecting  the  bell  from  out- 
side, and  to  prevent  the  gas  from  escaping  above,  the 
suspension  rod  carrying  the  bell  is  above  the  compart- 
ment b  provided  with  cups  and  water  seal  li.  The  at- 
mosphere reaches  the  interior  of  this  bell  through  the 
passage  i  from  underneath.  By  these  means  a  very 
sensitive  finely  balanced  device  has  been  constructed,  the 
effect  of  which  can  be  adjusted  by  the  variable  distance 
between  the  two  contacts  /  and  which  is  the  finer  the 
closer  the  contacts  are  set  apart  and  vice  versa.  A  fur- 
ther adjustment  is  provided  by  the  balance  lever  e  pro- 


Fig.  A — Horizontal  regulating  valve  with  electric  motor,  also 
showing  switch  board  with  relays. 

in  Fig.  4,  provided  with  relays,  connected  to  a  dc.  circuit 
and  acting  upon  a  little  motor  geared  to  the  by-pass  valve 
of  the  exhauster,  as  shown  in  Figs.  2  and  3  in  part  sec- ' 
tion  right  angle  to  each  other. 

The  motor  k  drives  by  means  of  a  worm  gear  /  and 
bevel  wheels  >ii  the  vertical  shaft  )i  which  is  keyed  over 
its  whole  length  and  holds  a  sliding  cog  wlieel,  in  gear 
with  the  toothed  hand  wheel  of  the  regulating  or  by- 
pass valve  o.  In  case  of  the  relays  sticking  on  the  switch 
board  and  the  motor  not  being  stopped  in  time,  there 
would  be  danger  of  the  valve  being  opened  or  closed  until 
something  would  break.  To  guard  against  this,  the  hori- 
zontal bevel  wheel  of  the  gear  in  is  not  keyed  to  the  shaft 
of  the  worm  gear,  but  only  pressed  on  by  a  screw  tight- 
ened by  the  little  hand  wheel  p.  Should  thus  the  valve  o 
be  closed  or  opened  altogether,  or  any  undue  strain  be 
caused  in  moving  it,  the  horizontal  bevel  wheel  of  the 
gear  m  will  not  turn  with  the  worm  wheel  shaft  and  the 
motor  can  continue  to  run  without  fear  of  accident.  On 
the  other  hand,  if  it  is  intended  to  throw  the  arrange- 
ment out  of  use  for  repairs  or  by  a  failing  supply  of 
current,  the  screw  p  is  loosened  by  hand  and  the  valve  o 
can  be  regulated  by  the  attendant  in  an  instant. 

While  Figs.  2  and  3  show  the  arrangement  in  connec- 
tion with  a  vertical  regulating  valve,  it  is  shown  in  Fig. 
4  in  connection  with  a  horizontal  regulating  valve,  the 
gearing  being  only  slightly  different  from  the  former. 
On  new  plants  the  writer  found  it  more  convenient  to 
arrange  for  a  regulating  valve  o  with  the  spindle  being 
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screwed  throug;h  the  hand  wheel.  The  latter  remains 
then  always  at  the  same  level  on  top  of  the  valve  column 
and  the  cog  wheel  on  the  spindle  p  can  also  he  fixed  and 
need  not  he  made  to  slide. 

The  arranjjcment  works  very  well,  provided  that  the 
contacts  on  the  switchhoard  are  properly  attended  to, 
as  they  siilTer  much  hy  sparking  and  scorching.  The  hox 
a  in  Fig.  1  should  have  three  or  four  times  the  depth 
below  the  bottom  line  of  the  bells  than  show^n,  so  that 
the  condensed  tar  can  settle  down  on  the  bottom  and  be 
drawn  off  periodically  \\-ithont  causing  the  bells  to  stick 


as    is   happening    frequently    if    the   box    is   designed    as 
shown  in  Fig.   1. 

.•\  disadvantage  of  the  last  mentioned  arrangement 
rests  with  the  fact  that  the  motor  does  not  stop  suddenly 
and  runs  thus  often  too  far  and  is  reversed  again,  keep- 
ing thus  moving  forward  and  backward  until  the  gas 
|)ressure  becomes  stationary  for  a  time.  In  all  later  con- 
structifins  efforts  have  been  made  to  overcome  every 
movement  of  the  regulating  mechanism  the  moment  the 
circuit  is  broken. 


Babbitt-A  Material  For  Roll  Bearings 

Difficulties  Encountered  in  the  Use  of  Babbitt  as  a  Material  for 
Heavy  Roll  Bearings  and  Their  Remedies — General  Characteris- 
tics of  the  Metal. 

By  W.  S.  STANDIFORD 


THE  use  of  babbitt  as  a  material  for  rolls  does  not 
seem  to  be  used  to  the  extent  that  it  deserves,  which 
is  due,  no  doubt,  to  a,  lack  of  information  as  to  its 
merits  as  a  bearing  metal  for  roll  and  pinion  bearings. 
In  no  line  of  manufacturing  work  are  journals  suf- 
jected  to  rougher  usage  than  in  the  rolling  of  iron,  steel 
and  the  non-ferrous  metals  as  they  have  to  withstand 
both  heat  and  friction  at  the  same  time.  For  roll  necks. 
brass  has  serious  disadvantages  when  contrasted  with 
babbitt  ones,  which  are  as  follows :  It  has  a  great  ex- 
pansion when  heated,  thus  causing  the  necks  and  end 
collars  of  rolls  to  be  pressed  together  too  tightly,  the 
roll  neck  lubricant  getting  rubbed  off  their  surfaces 
quickly  and  cutting  of  both  nretals  resulting  with  a  con- 
sequent uneven  rotation  of  rolls  and  bars  made  dift'ering 
in  thickness  and  wavy. 

It  is  impossible  in  rolling  mill  work  to  keep  all  jour- 
nals from  getting  heated  up  to  a  certain  extent,  despite 
the  streams  of  water  played  upon  them,  as  the  material 
rolled  requires  to  be  made  into  desired  shapes  while  it 
is  hot  and  plastic,  the  heat  naturally  extending  from 
rolls  body  to  their  journals.  Babbitt,  having  altogether 
different  characteristics  from  brass,  proves  to  be  a  very 
suitable  metal  for  use  in  rolling  mills,  its  advantages 
being  of  so  great  a  value  as  compared  with  brass  that  it 
gives  the  utmost  satisfaction  when  used  in  mills,  due  to 
its  great  antifrictional  qualities  as  it  is  of  a  more  greasv 
nature,  this  quality  allowing  it  to  run  much  cooler  than 
brass  and  other  metals.  As  babbitt  can  be  melted  in  iron 
ladles  over  any  fire,  great  rapidity  in  replacing  worn 
bearings  in  machinery  breakdowns  is  a  most  desirable 
and  valuable  feature,  and  also  a  money  saver.  In  addi- 
tion, oil  grooves  can  be  easily  and  quickly  cut,  or  if  pre- 
ferred, cast  ready  made  by  the  workmen  using  asbestos 
cord.  Uniform  bearings  are  easilv  obtained  in  casting 
when  care  is  used.  Babbitt  also  has  the  advantage  that 
by  use  of  a  portable  forge  for  heating,  all  work  "can  be 
done  on  the  spot  near  the  rolls,  engines  or  other  ma- 
chmery.  thus  saving  time  by  eliminating  walking  of  the 
workers  to  and  from  the  job  to  the  lowest  "possible 
extent. 

This  metal  deadens  noise,  and  last,  but  not  least,  is 
cheaper  than  brass.     There  are  a   variety  of   different 


grades  of  babbitt  on  the  market  adapted  for  various 
machine  requirements,  such  as  high  pressure  and  fast 
speed  journals,  medium  pressure  and  high  speed,  me- 
dium pressure  and  medium  speed  and  also  low  pressure 
and  medium  speed.  High  pressure  and  fast  speed  metals 
generally  contain  more  tin  and  antimony  and  also  a  small 
amount  of  copper,  while  the  low  pressure  and  medium 
speed  metals  have  smaller  quantities  of  tin  and  anti- 
mony and  also  a  large  amount  of  lead.  Tin,  antimony 
and  copper  confer  hardness  to  babbitt,  so  it  w'ill  readily 
be  seen  that  those  who  prefer  to  make  their  own  metal 
in  various  classes  of  their  own  machinery  bearings  can 
easily  regulate  its  hardness.  There  are  many  varieties 
of  babbitt  on  the  market  so  that  any  manufacturer  who 
desires  to  purchase  this  metal  will  have  no  difficulty  in 
selecting  a  suitable  grade  for  his  machines.  Personally, 
the  writer  thinks  that,  except  for  a  few  special  cases, 
two  kinds,  one  a  lead  base  alloy  and  the  other  a  tin  base 
one,  are  sufficient  for  the  average  class  of  machine  jour- 
nals, rolls  included.  But  each  metal  should  be  of  the 
highest  grade  that  can  be  made.  Rarely  are  bearings 
made  entirely  out  of  solid  babbitt,  except  some  verv 
small  ones,  including  those  made  by  using  die-cast  ma- 
chines ;  these  latter  are  cast  complete  with  oil  grooves 
in  them.  They  need  only  to  be  turned  and  faced  off 
before  using.  In  general  use.  babbitt  is  used  onlv  as  a 
lining  in  bearing  shells  of  cast  iron,  malleable  iron  and 
bronze. 

Steel  castings  were  found  out  by  experience  to  be 
unsuitable  for  this  purpose  on  account  of  warping  ten- 
dencies when  casting  strains  are  removed  bv  machining. 
Cast  iron  shells  on  account  of  their  cheapness  and  great 
strength  are  most  commonly  used  for  stationary  ma- 
chines, some  malleable  ones  being  in  use  for  the  same 
purposes.  This  class  of  shells  comes  in  handy  for  rolling 
mills  where  heavy  vibrations  are  encountered  in  the  roll- 
ing processes.  The  railroads  mostly  make  extensive  use 
of  bronze  shells  so  as  to  insure  the  completion  of  their 
runs.  Bronze  shells  with  a  babbitt  lining  are  also  made 
use  of  extensively  in  the  automobile  trade. 

From  the  foregoing  facts  it  will  readilv  be  seen 
the  esteem  in  which  this  metal  is  held  as  a  bearing  metal 
in  various  manufacturing  lines.     Owing  to  the  different 
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set  of  conditions  met  with  in  which  roll  and  pinion  jour- 
nals operate,  such  as  heat  and  friction,  it  is  necessary  to 
use  a  babbitt  of  such  a  composition  as  will  prove  suit- 
able for  the  work.  The  formula  given  below  is  one  that 
has  been  found  out  by  long  experience  to  give  good 
satisfaction,  it  being  one  that  enables  the  rolls  to  con- 
tinue in  action  for  long  perods  of  time  until  the  bear- 
ings need  replacing. 

Formula  for  Roll  and  Pinion  Babbitt  Metal. 

1400  lbs.  lead 
232  lbs.  antimony 

165  lbs.  alloy  (tin  and  antimony  mixture) 
5  lbs.  bismuth 

In  making  up  this  formula,  there  is  needed  a  cast  iron 
pot  and  also  some  ladles  of  various  sizes ;  the  latter 
should  be  of  the  self-skimming  type,  having  a  welded 
bridge  across  the  spots  so  as  to  prevent  dirt  and  dross 
from  getting  poured  in  with  the  babbitt.  The  iron  bridge 
also  prevents  splashing  and  enables  a  good  sized  stream 
to  be  poured.  A  supply  of  mandrels,  clamps,  etc.,  will 
also  be  required  by  the  machinists'  or  millwrights'  re- 
pair forces.  In  making  up  the  formula  given,  experience 
shows  that  it  is  best  to  melt  and  mix  the  tin  and  anti- 
mony alloy  separately  from  the  other  ingredients.  This 
is  due  to  the  fact  of  its  taking  a  greater  degree  of  heat 
to  melt  them  than  lead,  as  it  is  a  matter  of  importance 
in  melting  babbitt  ( whether  it  is  purchased  ready  for 
use  or  made  on  the  premises)  to  avoid  burning,  as  the 
latter  produces  heavy  shrinkage  in  the  lining  shells  be- 
sides reducing  its  antifrictional  qualities. 

It  is  also  rendered  softer  and  dirty  in  texture,  all 
burned  bearings  wearing  out  rapidly.  Place  the  tin  and 
all  of  the  antimony,  also  bismuth,  in  a  crucible ;  heat 
until  melted.  Heat  lead  separately  in  cast  iron  pot  until 
it  is  fluid,  then  add  the  alloy  mixture  to  the  lead,  stirring 
vigorously  to  make  a  uniform  metal  and  allow  the  pot  to 
remain  on  the  fire  for  a  while  so  as  to  make  sure  every 
ingredient  is  thoroughly  melted  and  mixed,  the  amount 
of  time  depending  upon  the  bulk  of  metal  made.  Pow- 
dered charcoal  or  sawdust  should  be  kept  on  its  top 
surface  to  prevent  oxidation  and  formation  of  dross  by 
the  air.  If  it  is  desired  to  have  a  supply  of  babbitt  bars 
for  stock  room,  use  channel  irons  as  a  mold,  spacing  it 
off  into  desired  lengths  by  means  of  short  pieces  of 
boards  put  crosswise  in  the  channel,  short  sections  of 
suitable  sizes  as  will  fit  into  the  melting  pot  and  weigh- 
ing 50  lbs.  apiece  will  prove  a  very  desirable  weight  for 
stockroom  shelves. 

Channels  make  very  desirable  molds  for  casting  in- 
gots of  bearing  metals,  as  their  weight  can  be  controlled 
by  using  channels  of  varying  widths.  If  it  is  wanted  for 
general  use,  leave  it  in  the  pot  until  needed.  In  rolling 
mills  there  are  two  different  types  of  bearing  shells  used 
with  cast  iron  retaining  walls  to  give  the  desired  strength 
and  rigidity,  viz :  Those  that  are  cast  in  a  solid  piece, 
and  also  others  which  are  made  in  two  piece  sections. 
The  one-piece  ones  are  cast  on  smaller  diameter  man- 
drels having  a  1/16-inch  taper  so  as  to  facilitate  their 
removal  when  the  metal  is  cold,  the  babbitt  being  after- 
ward bored  out  on  a  boring  mill  to  such  a  diameter  as 
will  make  a  neat  sliding  fit.  This  style  of  bearing  gives 
good  service  on  mill  pinions,  it  even  being  used  also  on 
blooming  mill  rolls. 

To  give  an  idea  of  the  amount  of  babbitt  required  in 
large  pinion  bearings,  each  one  will  need  1,200  lbs.  of 
babbitt.  The  grease  slots  are  cast  in  them  so  as  to  save 
work.  In  casting  such  large  and  heavy  bearings,  care 
has  to  be  taken  to  put  a  weight  and  also  clamps  around 


the  box  and  over  the  mandrel,  as  the  weight  of  metal 
pressing  against  the  retaining  boards  is  likely  to  burst 
any  mold  apart  if  they  don't  have  sufficient  strength  to 
resist  the  hot  babbitt's  pressure.  Air  and  pouring  holes 
should  also  be  provided  so  as  to  get  sound  castings  free 
from  blowholes.  The  making  and  handling  of  babbitt 
is  a  very  dangerous  task,  great  care  having  to  be  taken 
that  no  dampness  or  water  should  be  around  while  the 
pouring  is  being  done,  as  it  will  explode  with  disastrous 
results  to  workmen  around  it. 

The  main  drawback  in  casting  large  roll  and  pinion 
bearings  exists  in  the  time  taken  to  cool  them  so  that 
they  will  stand  handling,  but  this  can  be  overcome  by 
having  four  mandrels  of  the  same  size  for  each  set  of 
heavy  rolls  and  pouring  them  one  after  another.  Much 
work  can  also  be  saved  by  filleting  out  the  mandrels,  the 
former  to  contain  the  same  radius  as  those  on  the  rolls. 
It  is  also  a  good  plan  to  have  a  supply  of  the  finished 
bearings  in  the  stockroom,  as  they  come  handy  in  emer- 
gency breakdowns  which  at  some  time  or  other  occur  in 
the  best  of  mills.  Blooming  mill  top  roll  bearings  and 
other  large  movable  roll  bearings  in  which  the  wear  is 
extra  heavy  due  to  the  jerk  of  rolls  when  an  ingot  enters 
a  pass  usually  have  a  narrow  brass  liner  with  the  same 
radius  as  the  roll  necks  cast  in  with  the  babbitt,  the  lat- 
ter metal  surrounding  and  holding  it  in  place.  This  com- 
bination enables  all  bearings  of  such  rolls  to  resist  wear 
at  their  most  vulnerable  spots.  The  same  result  can  be 
achieved  by  adding  a  much  larger  percentage  of  tin  and 
antimony  and  also  some  copper  to  the  babbitt,  a  reduction 
or  an  entire  elimination  of  the  lead  tending  to  give 
hardness. 

Increasing  the  amount  of  tin  and  antimony  also  in- 
creases the  cost  of  bearings,  especially  large,  heavy  ones. 
One  and  two  piece  shells  usually  have  their  linings  held 
in  place  (to  prevent  its  rotating  with  roll  necks  or  shaft 
journals)  by  means  of  dovetail  grooves,  or  round  anchor 
studs — sometimes  both  are  in  use  in  cases  of  heavy  rolls 
weighing  8,000  lbs.  or  more.  The  extensive  employment 
of  electric  dynamos  and  motors  in  modern  rolling  mills 
calls  for  a  special  high  grade  babbitt  in  order  to  make 
them  give  the  least  amount  of  trouble,  day  in  and  day 
out.  These  machines  are  in  operation  continuously  24 
hours  so  that  their  bearings  get  no  chance  to  cool  off ; 
in  addition,  they  run  in  a  very  hot  atmosphere  contain- 
ing a  dust  composed  of  very  small  particles  of  iron.  The 
latter  is  produced  by  the  rubbing  contact  between  the 
rolls  surface  and  metal  rolled.  For  use  in  such  ma- 
chines, a  special  babbitt  formula  is  appended,  which  has 
been  found  by  years  of  experience  to  give  excellent 
results. 

Special  Babbitt  Formula  for  Electric  Dynamos 
and  Motors. 

438  lbs.  tin 
40  lbs.  antimony 
27  lbs.  copper 

The  above  metal  is  well  suited  to  the  high  speed 
and  heavy  pressures  exerted  on  armature  shaft  bear- 
ings by  light  and  heavy  mill  motors.  As  the  latter  us- 
ually have  their  shafts  oiled  by  revolving  rings,  these 
shells  for  mill  motors  can  be  made  out  of  cast  iron, 
although  bronze  can  be  employed  for  this  purpose  if 
desired.  The  cast  iron  ones  are  best,  owing  to  t  he 
rapidity  in  which  they  can  be  relined  as  contrasted  with 
those  of  bronze. 

All  motor  bearings  ouglit  to  be  poured  on  a  much 
smaller  mandrel,  the  latter  having  a  1/16-inch  taper  so 
as  to  facilitate  ease  of  withdrawal.     Thev  should  then 
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be  bored  out  carefully  to  tlic  desired  size,  lixlreme 
care  must  be  taken  by  the  workmen  to.  see  that  no 
dirt,  dross  or  iron  scale  from  a  very  rusty  ladle  gets 
into  this  metal  while  pourin<;  shells,  as  tliey  will  run  hot 
and  start  to  cut  both  shaft  and  liabbitt.  the  latter  nich- 
ing in  spite  of  the  oil  rings  conveying  oil  to  them.  When 
the  babbitt  is  worn  down  in  shells,  all  old  metal  can 
(|uickly  be  removed  from  them  by  first  carefully  clean- 
ing them  from  oil  and  dirt  of  all  kinds  and  then  placing 
them  in  a  pot  of  melted  babbitt,  thus  melting  it  out.  By 
adding  old  metal  (providing  that  it  has  not  been  burnt) 
to  the  new,  expense  can  be  saved  in  this  direction,  as 
such  material  will  be  found  to  be  most  useful  and  again 
give  good  service. 

Babbitt  for  motors  and  dynamos  should  be  kept  in  a 
separate  place  from  that  used  on  the  rolls,  so  as  to  avoicl 
mistakes  made  by  careless  workmen  using  the  wrong 
metal.  Another  ])lacc  where  this  special  motor  babbitt 
can  lie  used  to  great  advantage  as  regards  the  quickness 
in  wliich  repairs  can  be  made  on  emergency  jobs  as  well 
as  excellent  results  obtained  in  regular  work  is  as  a 
bearing  lining  for  crosshead  slides  on  steam  engines, 
this  metal  to  replace  the  usual  brass  ones,  the  latter  re- 
quiring a  lot  of  machine  work  to  be  done  upon  them 
before  they  are  ready  for  use.  The  babbitt  ones  need 
less  work  in  that  respect,  thus  enabling  the  machine  to 
he  gotten  into  operation  quicker.  The  proper  lubrication 
of  all  bearings,  whether  they  are  roll  necks  or  engine 
slides,  seems  not  to  be  so  well  understood  by  the  aver- 
age run  of  mill  superintendents  as  might  be  the  case,  as 
many  seem  to  think  that  all  that  is  neces.sary  is  to  sup- 
ply machines  with  grease  or  oil  and  let  it  go  at  that,  the 
men  accepting  all  wear  on  journals  as  an  evil  which  can- 
not be  a\'oided. 

It  is  true  that  wear  on  any  bearing  and  journal  can- 
not be  prevented,  but  it  is  also  true  that  it  can  be  mini- 
mized to  the  lowest  possible  extent  by  using  the  right 
type  of  lubricant  for  differing  sets  of  working  conditions 
among  various  classes  of  machinery  Proper  lubrica- 
tion of  roll  necks  is  one  of  the  most  difficult  propositions 
encountered,  which  is  due  to  the  heat  imparted  to  the 
bearings  during  rolling  of  the  hot  metal  and  also  to  their 
tightness,  that  the  roller  is  forced  to  keep  in  order  to 
retain  the  desired  sizes  while 'the  mill  is  in  operation.  It 
will  readily  be  seen  from  the  foregoing  that  not  only  is 
a  lubricant  "scraped  oft  by  brass  bearings,  but  that  ex- 
cessive ])ressure  is  exerted  against  both  necks  and  roll 
end  collars  by  the  heavy  exjiansion  of  the  heated  brass." 
As  a  general  rule,  it  will  be  found  by  experience  that 
babbitt  lined  shells  will  enable  all  rolls  to  keep  in  better 
shape  and  last  longer  before  being  relegated  to  the 
scrap  heap,  all  babbitt  metal  working  better  with  an\ 
of  the  usual  roll  lubricants  than  brass,  as  babbitt  is  of 
itself  a  much  more  greasy   feeling  metal. 

The  regular  lubricant  in  use  on  most  roll  n^cks  is 
suet,  which  is  obtained  from  butcher  shops,  pieces  of 
the  material  being  laid  upon  roll  necks,  the  heat  of  the 
latter  melting  some  of  it,  which  combines  to  a  certain 
extent  with  the  running  water,  the  latter  carrving  this 
greasy  mixture  between  bearing  surfaces.  Such  a  mix- 
ture has  the  characteristics  of  a  very  thin  oil  that  runs 
off  hot  surfaces  rapidlv  and  prevents  wear  to  a  certain 
extent.  It  is  well  known  among  lubrication  experts,  but 
not  by  the  average  run  of  mill  and  factory  officials,  that 
the  consistency  of  any  grea.se  or  oil  has'to  he  suitable 
to  the  weight  and  rapidity  of  motion  of  difl'erent  machine 
parts,  a  lighdy  constructed  machine  such  as  a  watch 
requiring  a  very  thin  oil  to  enable  it  to  run.  On  the 
other  hand,  a   thin  oil  proves  to  be  unsatisfactory   for 


roll  and  pinion  necks,  as  it  is  squeezed  out  by  their 
weight  before  it  can  get  in  efficient  work.  The  suet  and 
water  mixture  is  like  a  thin  oil,  it  being  very  costly  in 
the  end  as  regards  the  length  of  time  that  rolls  can  be 
operated  before  they  are  thrown  away  in  the  scrap  heap. 

(Jraphite  works  on  an  entirely  different  principle  from 
(lil.  ;ind  it  is  the  best  lubricant  of  all  for  heavy  machinery 
in  rolling  mills.  To  those  not  acquainted  with  the  prop- 
erties of  graphite  and  the  way  that  this  substance  pre- 
vents friction,  a  few  pointers  about  its  lubricating  quali- 
ties will  be  of  interest.  The  theory  and  practice  of 
lubrication  is  to  keep  two  surfaces  a])art  and  prevent, 
as  much  as  possible,  their  rubbing  together,  as  metals 
are  never  smooth.  Viewed  under  a  powerful  microscope, 
the  most  highly  polished  pieces  of  metal  resemble  a  nut- 
meg grater;  there  are  many  pin  points  sticking  up,  with 
■ill  pores  in  metal,  tool  marks  and  other  irregularities 
that  taken  altogether  help  to  produce  friction.  When 
the  oil  on  a  bearing  squeezes  out.  these  irregularities  and 
pin  points  interlock,  with  pin  points  breaking  off;  this 
is  termed  wear.  Tiny  particles  of  metal  are  then  carried 
by  the  oil  into  the  bearing  parts,  thus  acting  as  an  abra- 
sive. The  use  of  graphite  grease  containing  a  large  per- 
centage of  graphite  entirely  overcomes  this  state  of 
affairs. 

The  graphite  first  fills  up  all  pores  of  the  metal  by 
being  rubbed  into  them,  after  which  a  veneer  of  graphite 
is  thus  placed  over  the  entire  wearing  surfaces.  .After 
this  veener  of  graphite  has  been  obtained,  all  friction 
will  have  been  reduced  to  the  lowest  possible  extent 
known  to  mechanics.  Another  factor  that  hel])s  to  pre- 
vent undue  wear  on  the  bearings  is  that  the  latter,  hav- 
ing become  coated  with  graphite  as  is  also  the  journal, 
contact  is  now  between  graphite  and  graphite  and  not 
metal  and  metal.  It  is  obvious  in  this  case  that  all  wear 
is  reduced  to  a  minimum.  To  show  the  effects  of  gra- 
phite in  reducing  friction,  the  following  test  is  instruc- 
tive. Take  two  small  pieces  of  paper  and  lay  one  upon 
the  other,  then  try  to  move  the  top  one  over  the  bottom 
paper  by  applying  weight  and  force.  It  will  be  found 
that  friction  is  holding  both  sections  of  paper  together. 
Xow  take  some  fine  flake  graphite  and  rub  a  little  thor- 
oughly into  the  pores  on  both  sheets  of  paper,  placing 
the  two  surfaces  together  and  move  them  the  same  as 
before.  You  will  now  find  that  both  sections  will  move 
easily  one  upon  the  other,  and  also  find  out  the  fact  that 
the  more  weight  you  apply,  or  in  other  words  the  more 
work  that  the  graphite  is  given  to  do,  the  easier  both 
parts  move.  Unlike  oil,  graphite  cannot  be  sciueezed  out 
under  any  circumstances,  but  it  remains  at  all  points  of 
contact,  This  test  illustrates  the  truth  that,  irrespective 
of  weight,  a  film  of  graphite  cannot  be  squeezed  out  by 
any  pressure,  no  matter  how  great  the  force  exerted.  In 
fact,  the  more  weight  that  is  applied  the  firmer  the  gra- 
phite becomes  embedded  in  all  metal  pores,  the  result 
being  that  the  latter's  surfaces  are  made  very  smooth. 
.\s  babbitt  is  by  nature  a  more  greasy  substance  when 
compared  to  brass,  the  use  on  roll  necks  of  a  graphite 
grease  comes  about  as  near  to  an  ideal  mixture  as  can 
be  expected  considering  the  conditions  under  which  the 
rolls  are  worked  as  regards  both  heat  and  friction  at  the 
same  time. 

In  respect  to  the  actual  work  of  babbitting  boxes,  the 
greatest  care  in  handling  this  metal  should  be  taken  by 
the  machinists'  or  millwrights'  gang  so  as  to  get  the  best 
jjossible  results,  as  any  carelessness  in  handling  it  not 
only  injures  a  babbitt's  quality,  but  causes  the  poured 
hearings  to  wear  out  very  rapidly  and  thus  makes  renewal 
necessary  with   its  additional   expense  and  loss  of   time 
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that  could  be  put  to  better  advantage  in  doing  other 
work  by  the  maintenance  forces  of  mills  and  factories, 
as  it  often  occurs  that  these  men  have  two  or  more  urgent 
jobs  which  need  attention  at  the  same  time. 

Another  factor  in  babbitting  work  is  due  to  the  readi- 
ness in  which  the  average  run  of  workmen  "lay  the  blame 
upon  a  metal's  quality,"  it  being  said  "to  be  inferior" 
when,  as  a  matter  of  fact,  the  fault  is  entirely  with  the 
workmen  and  their  methods  of  handhng,  as  the  finest 
quality  of  metal  ever  produced  can  be  made  to  appear  as 
if  it  were  of  a  cheaper  grade  and  worthless.  Mill  fore- 
men being,  as  a  general  rule,  very  busy  persons,  have 
to  depend  to  a  large  extent  upon  what  their  employes 
say  about  a  babbitt's  quality,  they  not  knowing  all  the 
conditions  under  which  it  was  heated  and  poured.  For 
the  information  of  this  class  of  men  as  well  as  for  their 
workmen  who  in  the  vast  majority  of  cases  are  very  fair 
minded  and  desire  to  do  effective  work  and  only  put 
the  blame  upon  the  metal's  quality  because  of  sheer 
ignorance,  this  list  of  the  difficulties  encountered  and 
the  proper  remedies  to  overcome  them  are  appended, 
which  will  no  doubt  also  be  of  interest  to  all  classes  of 
mill  and  factory  men,  as  a  better  understanding  of  bear- 
ing metals  will  be  of  great  advantage  to  the  keeping  of 
machines  in  action  so  as  to  give  the  least  trouble. 

Difficulties  and  Remedies  in  Babbitting  Work. 

Difficulty — Blisters  on  solid  one-piece  and  also  two- 
part  bearings. 

Remedy — These  blisters  are  caused  by  a  workman 
putting  oil  on  the  mandrel  so  as  to  prevent  the  latter 
from  sticking  to  the  finished  casting.  They  occur  mostly 
on  one-piece  castings,  although  the  two-part  ones  will 
show  this  defect  if  oil  is  used.  Their  size  varies  with 
the  amount  of  oil  put  on  and  its  viscosity.  Rub  flake 
graphite  over  mandrel's  surface  that  is  in  contact  with 
hot  metal  and  stop  using  oil  for  this  purpose.  If  no 
graphite  is  handy,  use  a  very  thin  coating  of  white  lead 
and  let  dry  before  use.  Two-part  shells,  in  most  cases, 
will  not  need  any  graphite  or  white  lead  on  mandrel,  as 
the  latter  can  be  easily  removed  when  castings  are  cold 
enough  to  handle.  Mandrels  should  not  be  taken  out 
of  contact  with  castings  while  they  are  hot,  as  warping 
and  hollow  cavities  will  be  the  result  of  such  treatment. 

Diffieuhy — High  grade  babbitt  casting  has  large  num- 
bers of  hard  and  soft  spots  and  it  has  a  dirty  looking 
casted  surface. 

Remedy — Cold  babbitt  has  been  solidified  in  the  melt- 
ing pot  and  was  reheated  too  rapidly  by  the  workmen 
trying  to  hurry  along  the  work.  The  lighter  metals  in 
its  composition  rise  to  the  surface  and  become  oxidized 
by  their  contact  with  the  air,  while  the  heavier  ones 
sink  to  the  bottom.  Pouring  under  the  above  conditions 
makes  a  series  of  hard  and  soft  spots.  Slower  heating 
and  more  stirring  and  the  use  of  a  layer  of  charcoal  or 
sawdust  on  top  of  the  molten  mass  will  produce  a  uni- 
form casting. 

Difficulty — Extreme  shrinkage  of  high  grade  babbitt 
castings  in  bearing  shells  resulting  in  a  loose  bearing; 
broken  anchors  and  porous  areas.  This  metal  will  also 
be  found  to  be  oxidized,  softened  and  dirty,  and  its  anti- 
frictional  qualities  destroyed. 

Remedy — The  above  is  one  of  the  cases  in  which  the 
employes  put  the  blame  on  the  babbitt's  being  of  an  in- 
ferior grade  instead  of  their  own  fault  in  handling.  This 
condition  of  metal  is  due  to  the  fact  that  it  was  heated 
and  poured  at  too  high  a  temperature,  thus  burning  and 
oxidizing    some    of    the    more    fusible    metals.      Careful 


attention  to  the  proper  melting  point  and  also  to  the 
mandrels  and  shells  temperature  along  with  the  use  of 
charcoal  on  babbitt's  surface  will  obviate  this  trouble. 
All  babbitt  metals  of  the  various  grades  on  the  market 
ought  to  be  heated  to  such  a  temperature  so  that  it  will 
just  char  a  pine  stick  when  it  is  plunged  into  it  and  in- 
stantly removed.  This  is  a  rough  and  ready  shop 
method,  but  it  is  effective  just  the  same. 

The  proper  temperature  of  a  mandrel  is  also  shown 
to  be  just  right  when  a  drop  of  water  will  evaporate 
quickly  from  its  surface  without  sputtering,  the  heat  of 
the  mandrel  being  that  of  boiling  water.  Never  allow 
any  babbitt  of  whatever  grade  used  in  the  mill  to  get 
red  hot  in  its  melting  pot,  as  it  will  be  ruined.  Some 
workmen  when  doing  work  amcig  crowded  lines  of 
factory  machines  locate  their  fire  too  far  away  from  the 
place  of  work  and  then  purposely  overheat  the  babbitt 
in  ladle  and  run  with  it  to  the  machine,  expecting  it  to 
have  the  right  temperature  for  pouring  and  making  good 
castings  when  they  get  there.  This  is  bad  practice,  as 
it  causes  the  finished  work  to  contain  all  of  the  above 
enumerated  defects.  The  proper  thing  to  do  in  cases 
of  this  kind  is  to  shut  down  the  machine  that  is  next  to 
the  one  requiring  babbitting,  then  bring  the  portable 
forge  used  in  heating  the  metal  as  close  to  the  machine 
as  possible  so  as  to  avoid  burning  the  babbitt. 

For  field  work  of  this  character  it  is  much  better  to 
use  a  tin  base  alloy,  as  it  is  a  metal  that  is  much  better 
suited  for  field  work  than  a  lead  base  on  account 
of  its  capability  to  withstand  much  more  abuse  than  the 
lead  base  material. 

Difficulty — The  lining  has  a  coarse  granular  struc- 
ture looking  as  if  sand  had  been  added  to  it  when  melted. 

Remedy — The  coarse  granular  structure  is  due  to  the 
babbitt  having  been  heated  and  poured  into  lining 
shells  at  too  low  a  temperature.  The  latter  should  be 
just  right  for  good  results.  The  too  low  heating  of 
babbitt  is  mostly  done  by  "workmen  who  watch  the 
clock"  and  wish  to  quit  when  the  whistle  blows,  although 
it  occasionally  happens  through  carelessness  of  workmen 
desiring  to  get  the  work  done  quickly. 

Difficulty — Numerous  blowholes  in  linings,  the  latter 
shrinking  away  from  the  shells  when  the  metal  is  cold. 

Remedy — This  is  a  case  in  which  the  heat  of  the 
melted  babbitt  is  correct,  but  the  shells  and  mandrel  are 
too  cold.  Proper  heating  of  both  shells  and  mandrel  will 
cure  this  defect.  If  the  blowholes  are  still  Numerous 
after  applying  the  above  remedy,  have  more  air-vents 
when  pouring  the  hot  metal.  A  lack  of  enough  air-vents 
will  cause  the  babbitt  to  bubble  and  prevent  all  air  from 
escaping  from  the  hot  metal. 

Difficulty — Linings  soft  at  tops  and  brittle  at  their 
bottoms,  thus  wearing  unevenly. 

Remedy — Shells  and  mandrel  are  too  hot,  the  result 
being  that  the  hot  metal  is  made  to  cool  too  slowly,  thus 
allowing  the  heavier  metals  to  sink  to  the  bottom  of 
lining  while  the  lighter  ones  remain  on  top.  Proper  at- 
tention to  heating  and  the  other  details  will  remedy  this 
state  of  affairs. 

Difficulty — Spongy  and  dirty  looking  castings  when 
metal  and  mandrel,  also  shells,  are  of  right  temperature. 

Remedy — Too  much  dross  was  allowed  to  get  into 
the  melted  babbitt  while  pouring.  Workmen  should 
always  dip  the  ladle  from  the  bottom  of  the  pot  so  as 
to  avoid  getting  too  much  of  the  surface  layer  of  metal 
in  pot.  Use  a  self-skimming  ladle  having  a  spout  so 
shaped  as  to  pour  a   round,   thick   stream   instead  of  a 
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wide,  flat  one.  Such  a  ladle  will  prevenl,  to  a  larjje  ex- 
tent, the  castinj^s  Ironi  heing  spongfv  and  dirt\ .  A  hroad, 
thick  stream  which  is  poured  intermittently  and  slowly 
will  also  produce  porous  areas  and  hlowholes,  the  air 
oxidizing  the  hahhitt's  surface.  The  latter  ought  to  he 
poured  in  an  even  steady  stream  without  surging  in 
ladle,  as  surging  forces  dross  into  the  castings.  Spongy 
and  dirty  castings  are  also  produced  hy  workers  throw- 
ing too  many  small  pieces  of  solder  in  the  hahbitt  melt- 
ing pot.  .All  small  pieces  of  solder  should  he  saved  for 
future  use  in  soldering  and  be  remelted  and  made  into 
long  sticks,  an  angle  iron  mold  making  a  very  desirable 
stick ;  the  lengths  of  stick  can  be  controlled  by  cla\ 
spacing  angle  iron  into  sections. 

Diffinilly — Too  much  shrinkage  in  shells  when  using 
a  low  grade  babbitt,  temperature  of  metal,  lining  shells 
and  mandrel  being  just  right. 

Rrniedv — If  much  low  grade  metal  is  used  as  a  lining, 
it  is  best  to  employ  a  much  smaller  diameter  mandrel, 
then  take  a  round-faced  hammer  and,  starting  in  the 
center  of  casting,  tap  it  lightly  along  its  center,  extend- 
ing the  blows  gradually  up  both  right  and  left  hand 
sides  until  the  top  is  reached. 

This  hammering  process  spreads  the  metal  sufficiently 
so  as  to  make  it  fit  the  lining  shells.  Next,  bore  in  a 
boring  mill  or  scrape  them  to  size.  This  method,  though 
effective,  is  not  recommended  for  continuous  use,  as  it 
w-astes  too  much  time  and  money,  but  it  will  do  for 
emergencies  when  breakdow^ns  occur  and  a  factory  is 
caught  without  a  supply  of  a  higher  grade  metal  which 
obviates  this  trouble. 

Difficulty — Small  two-part  split  bearings  made  out 
of  a  lead  base  babbitt  have  a  spongy  surface  on  shaft 
bearing  part.  Heating  of  shells,  mandrel  and  babbitt 
being  correct. 

Remedy — This  is  due  to  the  fact  that  the  shells  have 
been  poured  with  the  mandrel  on  top,  thus  allowing  5 
certain  amount  of  dross  to  till  up  the  part  of  shell  in 
contact  with  the  shaft ;  a  lead  base  alloy  generally  has 
more  dross  to  it  than  a  tin  base  one.  These  small  two- 
part  bearings  are  best  poured  in  a  horizontal  position. 
bottom  upwards,  in  the  bottom  of  shell.  This  method 
of  working  has  the  advantage  of  making  the  bearing 
surface  next  to  mandrel  very  clean  and  dense,  any  im- 
purities or  dross  being  on  bottom  parts  of  shells. 

In  the  pouring  of  large  two-part  bearings  using  the 
same  quality  of  lead  base  alloy  as  the  small  bearings 
listed  above,  it  is  much  better  practice,  in  order  to  get 
sound  castings,  to  have  the  shell  and  mandrel  in  a  verti- 
cal position,  the  front  bearing  surface  facing  downwards. 
This  causes  any  dross  that  may  form  to  rise  to  the  back 
end  of  casting.  These  large  bearings  may  also  be  cast 
bottom  upwards  like  the  small  two-part  ones,  but  it  will 
be  found  much  more  convenient  to  do  the  pouring  with 
shells  in  a  vertical  position. 

Difficulty — Babbitt  will  not  stick  to  bronze  linings 
of  electric  motor  shells,  mandrel  hot.  metal,  shells  and 
temperature  being  right. 

Remedy — The  part  of  the  shells  where  the  babbitt 
touches  them  ought  to  be  tinned  with  a  thin  film  of  half 
and  half  tinners'  solder,  using  a  flux  of  chloride  of  zinc. 
Tlie  hot  babbitt  coming  into  contact  with  solder  surface 
will  melt  the  film  and  eiifect  a  conjunction  between  the 
two  metals.  Under  no  circumstances  should  the  solder- 
ing fiux  be  added  directly  to  the  hot  babbitt,  as  it  doesn't 
work  well  with  it  and  causes  trouble 

Difficulty — Workmen    trying    to    make   babbitt    stick 


directly  to  iron  shells  by  tinning  the  latter,  everything 
being  at  right  temperature. 

Remedy — The  sticking  together  of  cast  iron  shells 
and  babbitt  cannot  be  depended  upon,  as  these  metals 
do  not  alloy  at  molten  solder  temperature,  it  not  ad- 
hering to  shells  when  both  are  cold.  Should  a  higher 
heating  of  babbitt  be  tried  to  effect  a  junction,  the  solder 
will  be  oxidized  and  the  babbitt's  quality  ruined,  no  ad- 
herence between  iron  and  babbitt  taking  place. 

Difficulty — \  lead  base  alloy  refuses  to  give  satisfac- 
tory service  on  factory  machines,  with  hot  metal  and 
shell  heat  being  correct. 

Remedy — It  is  evident  from  the  above  state  of  affairs 
that  too  much  vibration  of  moving  parts  is  the  cause  of 
rapid  wear,  a  lead  base  alloy  proving  much  too  soft  a 
metal  for  use  on  such  machines.  A  tin  base  alloy  con- 
taining a  higher  percentage  of  tin  and  antimony  will  work 
well,  preventing  trouble  of  this  kind. 

Difficulty — A  high  grade  babbitt  wears  unevenly  and 
is  very  brittle,  crumliling  like  granulated  sugar  in  spots. 

Remedy — Workmen  having  burnt  overheated  babbitt 
in  ladle  have  attempted  to  restore  the  quality  by  adding 
new  metal  to  it.  Such  a  mixture  should  be  thrown 
away  as  it  cannot  be  restored  Care  ought  always  be 
observed  in  the  heating  and  handling  so  as  to  avoid  such 
a  waste  of  money.  Ouick  and  rapid  methods  of  doing 
repair  work  is  the  rule  nowadays,  and  any  process  that 
helps  to  reduce  the  time  taken  in  getting  various  classes 
of  machines  in  operation  meets  with  a  warm  w-elcome  by 
all  classes  of  employers,  as  breakdowns  will  occur  at  the 
most  unexpected  times.  There  are  also  many  repair  jobs 
on  small  machines  which,  on  account  of  wear  on  their 
bearings,  require  to  be  done  over  again  at  intervals,  the 
rebabbitting  of  boxes  on  small  engines,  nail  machinery, 
etc.,  being  among  them.  After  having  had  a  number  of 
rebabbitting  of  crankshaft  shells  that  were  lined  up  in 
the  usual  slow  manner,  the  writer  devised  this  simple 
and  rapid  style  of  leveHng  their  shafts,  it  having  been 
used  on  numerous  occasions  with  good  results  as  regards 
the  working  of  the  finished  machine. 

The  sketch  (an  end  view  of  shaft  and  one  box)  shows 
clearly  how  this  leveling  is  done.  Drill  two  holes  oppo- 
site each  other  in  both  boxes  to  fit  small  brass  machine 
screws,  place  shaft  in  position,  using  a  level  to  get  it 
straight,  turning  screws  in  or  out  to  get  it  level.  The 
usual  methods  adopted  by  workmen  to  prevent  ntolten 
metal  from  running  out  bearing  ends  should  then  be 
taken.  Turning  screws  as  needed  enables  quick  work  to 
be  done.  The  shaft  may  be  removed  for  warming  and 
put  back  on  tops  of  screws  with  the  certainty  of  its 
being  level.  These  brass  screws  ough  to  be  left  in  alto- 
gether after  pouring  of  metal  as  they  prevent  the  threads 
in  cast  iron  shells  from  getting  filled  up  with  babbitt, 
thus  making  rapid  work  in  replacing  new  bearings  when 
old  ones  are  worn.  These  screws  are  easily  removed 
when  bearings  are  worn,  as  new  ones  will  have  to  be 
inserted  into  the  threads  for  each  rebabbitting  job. 

I  will  now  close  by  giving  another  fine  electric  motor 
lead  base  bearing  metal  formula  which  will  run  well  in 
an  atmosphere  of  90  or  100  deg.  F.  and  give  the  least 
amount  of  trouble.  This  babbitt  is  made  out  of  a  mix- 
ture of  lead  and  antimony  combined  with  a  small  amount 
of  tin.  L.ead  and  antimony  are  metals  that  have  a  chem- 
ical affinity  for  each  other,  which  property  causes  them 
to  combine  in  all  proportions  without  any  impairment  of 
the  antifrictional  qualities  of  either.  The  antimony  also 
confers  hardness  to  the  lead,  thus  enabling  it  to  stand  a 
higher  rate  of  speed  in  a  rolling  mill  temperature  with- 
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out  abrasions  and  heatings  of  the  linings  taking  place, 
provided  that  care  has  been  taken  b\-  workmen  in  pour- 
ing metal,  etc.,  and  dirt  is  kept  out  of  all  hearings  dur- 
ing operation  of  the  machine. 

Babbitt  Bearing  Formula  for  Electric  Motor  Operation 
in  a  100  deg.  F.  Atmosphere. 

450  lbs.  lead 
150  lbs.  antimony 
6  lbs.  tin 

It  must  not  be  inferred  from  the  foregoing  that  the 
above  babbitt  is  only  suitable  as  a  bearing  lining  for 
machines  working  in  a  warm  temperature.  As  a  matter 
of  fact,  it  will  be  found  to  be  of  great  service  for  motors 
and  dynamos  running  in  ordinary  locations.  Should 
any  additional  toughness  be  desired,  the  tin  can  be  re- 
placed with  an  equal  amount  of  copper,  although  it  will 
be  found  that  this  metal  is  sufficiently  tough  to  give  good 
results  without  am-  addition  of  copper. 

In  judging  the  quality  of  babbitt,  whether  it  is  bought 
ready  made   or  manufactured   on   the   premises,   a  good 


shop  way  of  sizing  up  its  excellence  or  otherwise,  as 
the  case  may  be,  is  to  e.Kamine  a  bar's  fracture  when 
broken.  First-class  metal  should  show  a  fibrous  frac- 
ture, having  no  white  oxide  patches.  If  any  babbitt  on 
fracture  contains  such  patches,  it  denotes  that  it  has  been 
poorly  made  and  worthless  in  regard  to  giving  good  serv- 
ice in  bearings.  As  a  general  rule  a  babbitt  with  a  large 
tin  content  will  show  a  lighter  surface  when  broken,  as 
contrasted  with  a  lead  base  one.  All  babbitts  will  streak 
paper  more  or  less,  if  they  are  pressed  hard  enough  upon 
it ;  however,  the  ones  that  contain  much  lead  will  make 
the  blackest  marks. 

Some  mechanics  add  phosphorous  to  the  babbitt  with 
the  idea  that  it  will  cause  this  metal  to  adhere  better 
to  iron  shells.  Phosphorous  has  the  above  effect,  but  it 
also  has  the  drawback  of  causing  it  to  flow  very  slug- 
gish when  pouring  and  makes  the  casting  full  of  blow- 
holes. On  this  account,  phosphorous  ought  not  to  be 
added  to  babbitt,  or  if  used  at  all,  very  sparingly.  When 
the  rules  for  doing  babbitting  work  as  given  in  this  article 
are  followed,  neat  and  clean  castings  will  be  the  result, 
regardless  of   the  grade  of   metal   used. 


Electric  Motors   in   the   Steel  Plant 

Electric  Motor  Breaking  as  Applied  in  a  Steel  Plant  to  Restrict 
Speed  of  Overhauling  Load,  to  Cause  Definite  Slow  Dov/n  and  to 
Stop. 

By  GORDON   FOX* 

PART   I. 


THE  electric  motor  may  be  employed  not  only  to 
accelerate  and  drive  machinery,  but  also  to  decelerate 
and  stop  it.  A  distinction  may  be  drawn  between 
three  types  of  braking.  In  lowering  an  unbala.nced  load 
as  with  a  crane  or  a  mine  hoist,  the  motor  merely  re- 
stricts the  speed  and  retains  the  overhauling  load  within 
bounds.  In  an  elevator  drive  or  a  skip  hoist  drive  the 
motor  often  serves  to  reduce  the  speed  from  full  run- 
ning value  to  a  lower  definite  value  as  the  end  of  the 
travel  is  approached.  With  some  machine  tools  and  in 
many  steel  mill  applications,  the  screw  down  for  instance, 
motor  braking  is  used  to  bring  the  motor  to  a  stop. 
Motor  braking  may  thus  be  used : 

1 — To  restrict  speed  of  overhauling  load. 
2 — To  cause  definite  slow  down. 
3 — To  stop. 

Braking  may  be  accomplished,  with  a  motor  drive, 
either  by  the  motor  itself  or  by  an  external  brake.  The 
motor  acts  by  torque  electrically  developed  in  a  direc- 
tion opposing  the  motion.  The  brake  acts  mechanically 
through  friction. 

The  direction  of  rotation  of  a  direct  current  motor 
is  reversed  by  reversing  armature  connections.  The  ro- 
tation of  an  induction  motor  is  reversed  by  interchang- 
ing primary  phase  leads.  If  armature  or  phase  leads 
be  reversed  while  the  motor  is  running,  the  motor  will 
develop   torque  opposing  rotation,  bring  the  rotor  to  a 
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stop  and  start  it  in  the  reverse  direction.  This  procedure 
is  termed  "plugging"  a  motor. 

If  a  direct  current  shunt  motor  be  driven  above  nor- 
mal speed  it  will  revert  into  a  generator  and  will  tend 
to  deliver  power  to  the  electric  system.  It  therefore 
requires  mechanical  power  for  its  drive  and  acts  as  a 
drag.  In  like  tnanner,  an  induction  motor  driven  above 
synchronous  speed  becomes  an  induction  generator,  de- 
livering electric  power  and  demanding  mechanical  pro- 
pulsion. Braking  by  the  above  methods,  in  which  elec- 
tric power  is  returned  to  the  electric  system,  is  com- 
monly termed  regenerative  braking. 

If  a  direct  current  rnotor,  while  running,  have  its 
armature  disconnected  from  the  fine  and  then  short  cir- 
cuited through  a  resistance,  with  the  field  excited,  the 
motor  acts  as  a  generator  and  circulates  current  through 
the  armature  and  the  resistance.  The  energy  absorbed 
in  the  resistance  of  the  armature  and  its  external  circuit 
is  translated  from  mechanical  energy  by  the  motor. 
Braking  by  this  and  similar  means  wherein  the  motor 
is  converted  into  a  generator  dissipating  energy  in  ex- 
ternal resistance,  is  commonly  termed  dynamic  braking. 

Having  outlined  the  various  methods  of  motor  brak- 
ing, we  will  consider  a  little  more  in  detail  the  nature 
of  their  action.  When  a  direct  current  motor  is  run- 
ning, it  generates  a  countervoltage  which  opposes  and 
nearly  equals  line  voltage.  When  the  motor  is  plugged, 
the  countervoltage  continues  in  its  previous  direction  so 
long  as  rotation  continues.  The  impressed  voltage  is  re- 
versed by  reversal  of  armature  leads.  The  impressed 
volts  and  countervolts  are  therefore  temporarily  additive. 
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The  voltage  existing  niomcntarily  across  the  aniialure 
and  starting  resistance  in  series  may  therefore  be  nearly 
twice  line  voltage.  As  the  motor  slows  down,  ])rior  to 
reversal,  the  countervoltage  decreases  and  lowers  this 
total  voltage.  It  should  be  evident  that,  to  restrict  the 
armature  current  at  the  instant  of  plugging,  a  series  re- 
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sistance  materially  higher  than  starting  resistance,  is  re- 
quired. Plugging  is  often  mentioned  as  a  deplorable 
practice.  This  is  true  in  the  case  of  control  which  is 
designed  for  starting  duty  only  and  which  does  not  pro- 
vide sufficient  series  resistance  to  restrict  the  plugging 
current  peak  to  a  safe  value.  It  is  also  true  if  the  series 
resistance,  although  suitably  provided  for  plugging,  is 
cut  out  too  rapidly.  Plugging  as  practiced  with  suit- 
able plugging  resistance  added  to  the  starting  resistance 
and  with  features  preventing  too  rapid  short  circuiting 
of  this  resistance,  is  an  entirely  commendable  practice. 
A  disadvantage  of  plugging  lies  in  the  fact  that  the 
motor  is  not  only  stopped,  but  reversed.  If  it  is  desired 
to  merely  stop  the  motor  it  is  necessary  to  cut  olif  the 
current  at  exactly  the  right  instant  either  manually  or 
by  a  relay  or  governor.  An  advantage  of  plugging  lies 
in  the  fact  that  a  strong  decelerating  torque  is  main- 
tained by  the  motor  down  to  and  through  the  point  of 
reversal.  It  may  be  remarked  that  the  proper  value  of 
total  series  resistance,  inclusive  of  starting  and  plugging 
resistance,  may  be  ordinarily  approximated  by  dividing 
150  to  175  percent  of  line  voltage  by  the  permissible 
current  peak.  Line  voltage  plus  countervoltage  usually 
totals  150  to  175  per  cent  line  voltage,  momentarily.  It 
^iiay  be  noted  that  if  a  series  motor  is  plugged  from  a 
high  speed,  the  combination  of  high  speed  and  strength- 
ened field  caused  by  the  increased  plugging  current  will 
greatly  increase  the  countervoltage  and  conseeiuently  in- 


crease the  momentary  voltage  peak  and  plugging  cur- 
rent inrusli.  ['"or  such  cases  a  higher  l)higgiiig  resistance 
is  re(|uired.  I'his  is  apparent  from  the  curves  shown  in 
Fig.  1  showing  speed  current  characteristic  of  a  series 
motor  with  various  values  of  series  resistance.  The  val- 
ues below  the  zero  line  show  the  plugging  current  at  any 
speed  with  the  amount  of  series  resistance  as  shown. 
Incidentally,  it  may  be  remarked  that  an  adjustable  speed 
motor  should  not  be  plugged  on  a  weak  field.  If  plugged 
from  high  speed,  an  extreme  plugging  voltage  and  cur- 
rent peak  will  result. 

The  plugging  of  induction  motors  is  a  less  frequent 
practice  as  they  are  less  commonly  used  for  drives  re- 
quiring manipulation.  The  squirrel  cage  motor  draws  a 
high  current  peak  when  starting  from  rest.  It  will  draw 
a  still  higher  peak  if  plugged.  The  high  resistance  cage 
motor  may  be  adapted  for  plugging  duty.  The  wound 
rotor  motor  may  be  and  is  quite  commonl)-  arranged  for 
plugging.  In  order  to  restrict  the  plugging  current  peak, 
extra  secondary  resistance  is  required  just  as  in  the  case 
of  the  direct  current  motor.  It  should  also  be  noted  that 
the  voltage  and  frequency  in  the  rotor  circuit  are  nearly 
double  the  values  existing  when  starting  from  rest.  If  a 
wound  rotor  motor  is  to  be  plugged  it  may  require  special 
insulation  of  the  rotor  windings  and  extra  clearances  at 
the  collector  rings  and  brushes.  The  same  general  con- 
ditions governing  plugging  practice  apply  in  the  case  of 
both  alternating  and  direct  current  motors. 

All  that  is  necessary  to  convert  a  direct  current  motor 
to  generator  action  is  to  increase  the  speed  or  strengthen 
the  field  to  such  a  point  that  the  countervoltage  generated 
is  greater  than  impressed  voltage.  Fig.  2  shows  the 
speed  load  curve  of  a  motor  from  which  it  may  be  seen 
that  a  slight  increase  above  no  load  speed  will  cause 
generator  action.  This  applies  in  the  case  of  a  shunt 
wound  motor.  A  compound  motor  has  a  steeper  char- 
acteristic so  that  a  greater  increase  in  speed  is  necessary 
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Fig.  2, 

to  cause  an  appreciable  generator  load.  If  a  compound 
wound  motor  is  used  in  connection  with  overhauling 
load  the  series  field  is  generally  cut  out  during  running 
intervals,  to  give  a  shunt  characteristic.  A  series  motor 
cannot  be  employed  as  such  in  this  capacity  as  the  load 
cannot  be  removed  without  causing  excessive  speed.  A 
shunt  characteristic  is  necessary  to  obtain  regenerative 
action  without  wide  speed  change. 

An  induction  motor,  driven  above  synchronous  speed, 
becomes  an  induction  generator.  The  amount  of  speed 
change  necessary  to  produce  an  appreciable  load  change 
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depends  upon  the  motor  characteristic.  A  squirrel  cage 
motor  with  a  flat  speed  load  curve  will  change  from 
motor  to  generator  action  with  a  relatively  small  speed 
increase.  A  high  resistance  cage  motor  or  a  wound 
rotor  motor  with  external  resistance  in  circuit  will  not 
produce  eiTective  generator  action  except  as  a  result  of 
a  considerable  speed  increase.  This  is  of  particular  in- 
terest in  connection  with  electric  elevators  where  a  flat 
characteristic  is  desirable  for  regenerative  braking,  but 
where  considerable  secondary  resistance  is  necessary  to 
produce  the  desired  starting  torque. 

Dynamic  braking  is  employed  for  restraining,  for 
slowing  down  and  for  stopping.  These  applications  will 
be  considered  in  reverse  order.  To  stop  a  motor  by 
dynamic  braking,  the  armature  is  disconnected  from  the 
line  and  then  short  circuited  through  resistance.  The 
braking  current  is  proportional  to  the  voltage  generated 
in  the  armature.  This,  in  turn,  is  proportional  to  the 
speed  and  the  field  flux.  The  current  is  also  inversely 
proportional  to  the  resistance  of  the  armature  and  ex- 
ternal circuit.  The  braking  torque  is  proportional  to  the 
armature  current  and  the  field  strength.  Dynamic  brak- 
ing can  be  quite  readily  accomplished  with  a  shunt  or 
compound  wound  motor,  the  braking  field  being  sup- 
plied by  the  shunt  winding".  Fig.  3  shows  the  principle 
connections  of  a  reversing  control  for  a  compound 
wound  motor,  with  dynamic  braking  used  for  stopping. 
Note  that  the  series  field  should  be  omitted  from  the 
braking  circuit,  but  the  interpole  should  be  included  in 
the  circuit.  In  the  case  of  the  adjustable  speed  motor 
care  must  be  exercised  not  to  brake  rapidly  from  a  weak 
field  and  high  speed.  If  the  field  is  rapidly  strength- 
ened at  the  same  instant  that  the  armature  is  shorted 
through  the  braking  resistance,  excessive  voltage  and 
current  will  obviously  result.  This  occurrence  is  pre- 
vented in  some  magnetic  controllers  by  a  relay  which 
prevents  strengthening  the  field  faster  than  the  braking 
current  flow  permits.  To  obtain  eftective  dynamic  brak- 
ing on  a  compound  wound  motor  a  liberal  shunt  field 
winding  is  necessary  to  supply  a  stiff  field.  To  obtain 
effective  braking  with  a  weak  shunt  field,  excessive 
armature  current  is  required  to  develop  tlie  dei^ired 
torque.  It  should  be  noted  that,  with  any  type  of  motor, 
as  the  motor  slows  down  the  countervoltage  and  current 


CUO        0'SCWA,^G,C      R  c:M5-T-A.tHC  t 


Rots  t.lirMGt  -     CUO&C***^  oR-^iV'^-  A.I-SO  *S-  6  -    T-^S    "^     StQUtNCC 
BRAtClNCi-     Cl_05EL*9 

Fig.  3 — Principle  connections  for  reversing  dynamic  braking 
control  for  D.C.  compound  wound  motor. 

fall  off  so  that  the  braking  effect  reduces  to  a  low  value 
at  low  speed.  \\'here  it  is  desired  to  maintain  the  brak- 
ing torque,  the  braking  resistance  may  be  diminished  in 
steps  as  the  motor  .slows  down. 

Dynamic  braking  cannot  be  obtained  on  a  series 
motor  in  the  same  way  as  with  a  shunt  or  compound 
wound  motor.     Dynamic  braking  to  stop  a  series  motor 


can  be  obtained,  however,  by  disconnecting  the  motor 
from  the  line  and  reconnecting  armature  and  field  in 
series  with  resistance.  The  result  is  a  severe  cumula- 
tive braking  action  and  the  armature  current  tends  to 
reach  a  high  value  if  not  properly  restricted  by  resist- 
ance. The  braking  current,  flowing  through  the  series 
winding,   serves   to   supply  the  field   flux.      The   braking 


5  equewce;    oi=" 

Oo  t-J -r/^o-ro  RS 

SwircH 

F"oRW>>^RD 

Rei\/e:r.sei      1 

Po>^i:R 

Bpfyt^e. 

e>R.^WE- 

PoweiK 

3      -2.      1 

1      z    a    A- 

4.      .3      7.       1 

1      z    a  1 

1 

o 

o 

o 

o 

o 

o 

o 

z. 

0 

0 

0 

o 

o 

o 

o 

3 

o 

o 

o 

0 

o 

o 

o 

4 

0 

0 

o 

o 

o 

o 

o 

s 

o 

o 

o 

0 

o 

o 

G 

o 

o 

o 

o 

o 

o 

o 

o 

7 

'--*?Hi 

Cl.O*C»    FORI 
OH   OvtVTIUylLj 

8 

0 

0 

0 

o 

o 

o 

o 

o 

o 

o 

9 

0 

o 

0 

o 

o 

0 

lO 

0 

0 

0 

0 

SLOVV       DOWN      RC^\& 


acR    F-l_D 


''■•  ^  5,i  _,  R4 


Fig.  4 — Connections  of  series  motor  with  dynamic  braking 
control. 

voltage  builds  up  from  residual  and  is  thus  cumulative, 
as  already  mentioned.  It  should  be  noted  that  if  the 
armature  and  series  field  were  disconnected  trom  the 
line  intact  and  shorted  through  resistance,  the  direction 
of  flow  of  braking  current  through  the  series  field  would 
be  opposite  to  its  normal  flow.  The  series  field  would 
immediately  kill  the  residual  magnetism  and  no  braking 
would  result.  It  is  necessary  to  reverse  the  series  field 
(or  armature)  so  that  -the  braking  current  will  flow 
through  the  series  winding  in  the  same  direction  as  the 
motor  current,  thus  building  upon  the  residual.  Fig.  4 
shows  one  scheme  of  connections  used  for  this  purpose. 

Dynamic  braking  is  more  simply  accomplished  with 
shunt  or  compound  wound  motors.  Dynamic  braking 
with  the  series  motor  has  one  distinct  advantage,  how- 
ever, in  that  the  braking  effect  is  obtained  independent 
of  any  outside  source  of  power  itecessary  to  excite  the 
fields.  Series  braking  is  therefore  best  suited  to  such 
applications  as  the  man  trolley  drive  of  a  coal  or  ore 
bridge.  In  case  power  fails  as  the  man  trolley  apj)roaches 
its  limit  of  travel,  the  braking  is  nevertheless  effective, 
provided  the  control  is  such  that  the  braking  circuits  re- 
main closed. 

(To  be  continued) 


NEW  METHOD  FOR  MEASURING  PRESSURES 
IN  EVACUATED  INCANDESCENT  LAMPS. 

In  one  of  the  papers  to  be  i^resented  at  the  Meeting 
of  the  American  Electrochemical  Society,  April  27,  2!< 
and  29,  Dr.  Duncan  MacRae  of  the  \\'estinghouse  Re- 
search Laboratory  describes  a  new  method  for  deter- 
mining the  pressure  in  a  tungsten  vacuum  lamp.  The 
principle  is  extremely  simple  and  more  accurate  than 
the  approximation  that  has  heretofore  been  made  by 
the  well-known  use  of  the  induction  coil.  Dr.  MacRae 
measures  the  pressures  by  a  McLeod  gauge. 
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Air  Required  For  Combustion  of  Gases 

in  Steel  Plants 

A  Simple  Means  of  Determining  the  Amount  of  Air  Required  for 
the  Combustion  of  Various  Gases  from  the  Btu.  Content  of  the  Gas. 
Especially  Adapted  to  Steel  Mill  Furnaces.  * 

By  R.  T.  HASLAM  and  A.  F.  SPIEHLER 


IN  furnace  design,  especial!}'  in 
ous  fuel,  the  estimation  of  the  air  requirements  to 
obtain  the  desired  results  has  been  a  tedious,  if  not 
difficult,  calculation.  It  is  not  usually  recognized  that 
there  is  a  direct  relation  between  the  Btu  per  cu.  ft.  of 
gas  and  the  air  required  to  burn  one  cu.  ft.  By  use 
of  this  relationship,  the  determination  of  air  quantities 
required  becomes  a  rapid  and  simple  calculation. 

Table  I  shows  the  Btu  per  cu.  ft.  and  the  air  re- 
quired to  burn  one  cu.  ft.,  for  several  pure  gases, 
combinations  of  which  form  almost  entirely  the  com- 
busti'ble  components  of 
commercial  gases,  both  nat- 
ural and  artificial.  Fig.  I 
shows  these  ])oints  (delta) 
plotted,  Btu  vs.  cu.  ft.  air. 
It  will  be  noted  that  these 
points  lie  along  a  straight 
line. 

Since  this  relationship 
holds  for  pure  gases  it 
should  also  hold  for  com- 
mercial gases  which  are 
nothing  but  mixtures  of 
these  pure  gases  in  differ- 
ent proportions  plus  vari- 
ous amounts  of  inert  gases 
such  as  CO.  and  N...  which 
neither  require  nor  furnish 
air  for  combustion.  Table 
II  gives  representative  data 
for  the  most  important  types 
of  natural  and  artificial 
gases,  and  by  plotting  these 
points,  shown  as  (theta), 
on  Fig.  I,  they  too  lie  along 
the  same  straight  line. 

It  is  a  well  known  fact 
that  when  the  correct 
amount  of  any  saturated  hydro-carbon  is  burned  com- 
pletely with  one  cu.  ft.  of  air,  a  constant  amount  of 
heat  is  evolved.*  Thus,  if  methane  is  burnt  with  one 
cu.  ft.  of  air,  the  heat  evolved  will  be  the  same  as  when 
propane  or  any  other  saturated  hydro-carbon  is  simi- 
larly burned  with  one  cu.  ft.  of  air.  Ethylene,  an  un- 
saturated hydro-carbon,  does  not  fall  exactly  on  the 
line  in  Fig.  I,  but  the  deviation  is  not  excessive,  and 
as  the  percentage  of  ethylene  in  gases  is  usuallv  low, 
the  efYect  of  its  deviation  on  commercial  gases  is  neg- 
ligible.    The  other  unsaturated  hydro-carbons,  propy- 

♦Thornton  Rule. 
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lene,  etc.,  also  deviate,  but  not  as  much  as  ethylene, 
so  in  this  case  the  result  is  again  negligible.  The  only 
other  constituents  of  any  importance  in  commercial 
gases,  which  are  not  saturated  or  unsaturated  hydro- 
carbons are  hydrogen  (H.)  and  carbon  monoxide  (CO). 
Fortunately,  the  points  for  these  two  important  con- 
stituents fall  along  the  line,  making  the  relationship 
complete.  Acetylene  deviates  so  widely  from  the  line, 
that  it  must  be  called  an  exception.  Consequently  the 
relation  holds  for  all  commercial  gases  except  acetylene. 
Fig.  I  shows  that  when  Btu  per  cu.  ft.  of  gases  are 

plotted   against  the   cu.   ft. 
~  "  of  air   required,   a   straight 

line  results,  thus  allowing  a 
simple  formula  to  connect 
one  with  the  other.  The 
general  equation  for  this 
type  of  line  is  of  the  form 
y  =  a  -|-  b  X.  and  for  this 
line  in  particular  the  equa- 
tion becomes 
r    ^1^*'   *■  cu.    ft.   of   air   theoretically 

needed  to  burn   1  cu.  ft.  of 

gas   =  9.67  -^ .53 

2  1.000 

'       where,    Btu    equals    higher 

heating    value     in     British 

Thermal  Units  per  cu.  ft.  of 

;       combustible  gas. 

A  rough  approximation 

of    this    formula    for    quick 

estimates  is — cu.   ft.  of  air 

theoretically  needed  to  burn 

1  r  '  Btu 

1  cu  .ft.  gas  = .5 


CUOK  'WirG^- 


;     ^  .  ;  /  ^  100 

'    ~^"^"""     '  """"    '  "  This  formula  gives   the 

Fig.  1.  cu.   ft.   of   air   theoretically 

required  to  burn  one  cu.  ft. 
of  any  gas,  but  as  some  excess  air  is  always  used,  the 
true  amount  of  air  required  can  be  obtained  by  merely 
adding  to  the  value  found,  the  percentage  excess  air 
considered  necessary  for  any  particular  operation. 

This  formula  also  shows  that  for  a  given  heat  effect, 
the  amount  of  air  required  is  constant,  irrespective  of 
the  gaseous  fuel  used.  That  is,  if  a  million  Btus  are 
desired  per  hour  in  a  furnace,  the  amount  of  air  re- 
quired for  this  efifect  is  the  same  whether  producer  gas 
or  natural  gas  is  used,  thus  no  change  of  air  supplying 
equipment  is  needed  for  a  change  from  one  type  of 
gas  to  another.  This  assumes  the  efficiency  in  the  use 
of  each  gas  is  the  same. 
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This  formula  is  particularly  useful  because  Btu 
data  on  gaseous  fuels  is  always  either  available  or 
easily   determined  and   from   this  the  air  required   per 

T.\BLE   I. 
Pure  Gases. 


cu.  ft.  of  gas  may  be  calculated  easily.     As  the  total 

heat  required  is  also  usually  known  the  total  cu.  ft.  of 

air  and  cu.  ft.  of  gas  required  are  readily  determined. 

T.\BLiE   II. 

Commercial  Gases. 


Follansbee,  W.  Va.  (Xat.) 

2351 

22.17  B.  of^M.     T.P.    10 

Btu/cu.  ft. 

required 

Source 

Residual  Follansbee  (Nat.l 

1913 

18.03 

Gas. 

(high ) 

(theoretical) 

of  data. 

McKean  Co.  Pa.  (Nat.) 

1519 

14.28          '■             ■•     158 

Landoh- 

Pa.  W.  Va.  (Nat.) 

1132 

1U.64          ■■              ■■       10 

Propane   CsHk 

2650 

25.0 

Bornstcin 

Coal  Gas 

632 

5.52 

Methane  CH» 

1070 

10.0 

Carbureted  Water  Gas 

572 

4.89 

Ethane  C.H, 

1870 

17.5 

Blue  Water  Gas 

299 

2.iZ  Actual  .-Xnalysis 

Ethylene  C=H. 

1710 

15.0 

Producer  Gas 

154 

1.21 

Carbon  Monoxide 

CO      322 

2.5 

Blast  Furnace   Gas 

86 

0.68 

Hydrogen   H= 

324 

2.5 

Coke  Oven  Gas 

607 

5.24 

The  Possibility  of  Improved  Methods 

Rolling  Sheet  Steel 

Author  Does  Not  Think  That  a  Continuous  Sheet  Mill  Is  Impos- 
sible— However,  He  Believes  Extensive  Scientific  Experiments  on 
the  Problem  Should  Be  Conducted. 

By  SUMMER  B.  ELY,  Professor  of  Commercial  Engineering, 
Carnegie   Institute  of  Technology,  Pittsburgh,   Pa. 
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PROBABLY  the  first  iron  plates  were  made  by 
hammering  and  must  indeed  have  been  a  crude 
jjroduction.  About  the  year  1725  or  1730.  how- 
ever, rolls  seem  to  have  come  into  use,  although  it 
was  a  number  of  years  later  before  anything  resem- 
bling a  thin  sheet  was  made ;  yet  from  that  day  to  the 
present  time  the  same  general  type  of  machinery  has 
been  used  for  rolling  sheet  steel.  To  'be  sure,  our  sheet 
mills  of  to-day  compared  with  the  early  ones  would 
appear  giants  in  size  and  strength  ;  yet,  after  all,  what 
real  difference  is  there  except  this  increase  of  size  and 
strength  ?  Why  have  we  no  automatic  mills  to  turn 
out  sheet  steel,  or  at  least  automatic  devices  to  reduce 
labor?  This  is  the  question  asked  by  everyone  who 
is  familiar  with  the  machinery  and  methods  used  in  the 
manufacture  of  heavier  steel  products,  such  as  billets, 
bars,  rods,  plates,  etc.  We  have  no  continuous  sheet 
mills,  we  do  not  even  use  roller-driven  tables,  auto- 
matic guides,  etc.  Practically  everything  is  done  by 
hand. 

This  statement  may  need  a  little  qualification.  Oc- 
casionally we  do  come  across  some  small  devices  in 
use;  such,  for  instance,  as  a  hinged  or  pivoted  table  to 
assist  the  catcher  in  returning  the  pack  over  the  top 
of  the  rolls  to  the  roller.  This  particular  device  does 
not  save  any  labor  in  the  sense  of  fewer  men  being  em- 
ployed ;  it  is  merely  a  help  to  the  catcher.  Some  de- 
vices, such  as  shifting  tables  and  auxiliary  attachments 
to  cold  rolls,  may  have  a  tendency  to  cut  down  the 
labor  force;  Init,  after  all,  such  small  helps  as  these 
are  not  real  changes  in  the  machinery  of  sheet  rolling, 
and,  furthermore,  are  far  from  being  universally  used. 


♦Abstract  of  paper  read  before  the   Engineers'  Society  of 
Western  Pennsylvania. 


Many  plants,  probably  most  plants,  do  not  use  such 
devices;  or,  if  they  do,  onl)-  an  occasional  mill  in  the 
plant  is  thus  equipped. 

It  would  seem,  however,  as  if  some  device  might 
be  gotten  up  to  cut  down  the  number  of  men  needed 
about  a  sheet  mill.  A  mechanical  catcher,  for  example, 
which  would  automatically  catch  the  pack  of  sheets 
as  it  came  through  the  rolls,  lift  it  up,  and  return  it 
to  the  roller.  Such  a  device  would  seem  to  be  a  me- 
chanical possibility  and  probably  could  be  made  to 
work  successfully.  Why  has  not  some  such  device 
been  worked  out,  perfected,  and  sold  with  each  sheet 
mill  as  part  of  its  regular  equipment? 

There  are  probably  a  good  many  answers  to  this 
question,  but  it  must  ultimately  come  down  to  a  mat- 
ter of  dollars  and  cents.  What  will  the  device  cost 
and  how  much  will  it  save?  If  the  saving  is  enough, 
it  does  not  make  any  difference  what  the  attitude  of 
the  labor  union  is,  sooner  or  later  the  manufacturer 
will  introduce  it,  as  has  been  demonstrated  again  and 
again  in  other  industries.  But  the  fact  remains  that 
such  devices  are  not  in  universal  use  and  it  would 
seem  as  if  the  amount  of  saving  was  not  sufficient  to 
act  as  a  real  incentive.  However,  if  the  question  of 
saving  is  in  doubt  in  the  case  of  improvements  such  as 
I  have  mentioned,  there  can  be  no  doubt  of  a  tre- 
mendous labor  saving,  if  a  successful  continuous  sheet 
mill  could  'be  devised.  Somebody  has  made  the  state- 
ment, that  any  steel  product,  if  enough  of  it  is  to  be 
rolled  and  its  size  is  uniform  enough,  must  ultimatelv 
be  made  on  a  continuous  mill.  No  other  ftjrm  of  mill 
can  compete;  and  this  state-'ient  perhaps  will  come 
true  of  sheet  steel  some  day.  In  the  past,  many  at- 
tempts have  been  made  and  some  very  expensive  con- 
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tinuous  sheet  mills  have  been  built;  and  so,  while  there 
have  been  inipruvenicnts  in  methods  and  practice,  yet 
as  1  have  said,  the  machinerj-  is  much  the  same  as  it 
was  200  years  ago. 

There  is  no  doubt  that  to  roll  thin  sheets  of  steel 
or  iron  is  a  most  delicate  operation  and  its  success  de- 
pends on  many  things.  You  occasionally  hear  a  sheet 
mill  roller  say  that  the  weather  is  not  right  to-day  and 
he  cannot  turn  out  a  satisfactory  product ;  which  simply 
means  that  some  detail  is  wrong  and  he  is  unable 
to  tind  what  it  is.  One  also  hears  stories  from  sheet 
mill  superintendents  to  the  eflfect  that  after  having  the 
windows  of  the  mill  cleaned,  the  rollers  have  trouble 
until  they  accustom  themselves  to  judge  the  heat  of  the 
steel  in  the  brighter  light ;  and  one  can  readily  believe 
this. 

In  the  manufacture  of  heavier  steel  products  the 
temperature  to  which  they  are  heated  are  high,  com- 
paratively, and  there  is  some  latitude,  but  with  sheet 
steel  the  heat  must  be  just  right.  Even  starting  with 
the  bar,  say,  as  it  comes  from  the  furnace  for  the  first 
pass  in  the  mill,  if  it  is  too  cold  the  scale  will  not  be 
lifted  and  this  scale  rolls  into  the  sheets,  making  a 
rough  surface  and  causing  the  sheets  to  stick  together 
later  when  the}-  are  rolled  in  packs.  If  the  sheet  mill 
could  receive  onlj'  bars  that  were  perfectly  clean,  per- 
haps if  the  material  were  a  little  too  cold  no  harm 
might  be  done,  but  all  commercial  bars  carry  scale  and 
this  must  be  taken  into  account. 

However,  if  instead  of  the  bar  coming  too  cold 
from  the  pair  furnace,  it  is  a  little  too  hot,  there  is 
still  worse  trouble.  The  large  sheet  rolls  will  get  hotter 
than  the  roller  anticipated,  will  expand,  and  the  line 
of  contact  between  them  will  not  be  correct;  and,  in 
addition,  as  the  bar  is  too  hot  it  will  be  softer  than  it 
should  be,  and  will  not  spring  the  rolls  the  desired 
amount.  The  consequence  of  this  is  that  the  bar  when 
worked  down  on  the  chill  rolls  will  produce  a  sheet 
'ound  on  the  back  end- — -that  is,  thinner  in  the  center 
than  at  the  sides — whereas,  probably  the  bar  rolled 
before  this  had  the  proper  temperature  and  produced 
a  sheet  that  was  not  long  in  the  center,  but  long  on 
each  side,  having  what  the  roller  calls  "horns."  A 
round-end  sheet  indicates  that  the  rolls  are  "full"  in 
the  middle  and  horns  show  that  the  rolls  are  "hollow." 
Now  when  a  circular-end  sheet  is  placed  on  the  top 
of  a  horned  sheet,  reheated  and  put  into  the  rolls  to- 
gether, the  pack  will  either  pinch  or  run  oiT  at  the 
back  end — that  is,  the  sheets  will  spread  one  from  an- 
other on  the  back  end  of  the  pack,  due  to  the  uneven 
drawing.  And  even  if  the  roller,  by  great  care  and 
judgment  in  adjusting  the  draft  screw,  is  able  to  pre- 
vent a  i)inch.  the  scale  which  is  produced  from  being 
too  hot  will  lift  only  in  spots,  sinking  into  the  sheets 
and  causing  the  pack  to  stick  together  in  patches,  so 
that  the  sheets  cannot  be  pried  apart  without  tearing. 

Everyone  familiar  with  sheet  rolling  realizes  that 
the  rolls  must  be  kept  at  the  proper  heat  so  that  they 
will  be  kept  the  proper  shape  to  roll  such  a  thin  product 
successfully.  A  roller  may  (probably  unconsciously) 
count  on  a  certain  spring  to  the  stand  of  rolls,  and  by 
trial  find  the  proper  heat  to  go  with  it,  so  as  to  keep 
the  shape  of  his  rolls  right ;  and  he  will  watch  care- 
fully the  size  of  the  horns  on  each  sheet  as  this  is  an 
indication  of  the  shape  of  the  mill.  He  knows  that  if 
he  rolls  too  fast,  and  does  not  allow  time  enough  be- 
tween passes,  his  rolls  will  lose  their  shape.  Neither 
must  he  roll  too  slow,  .\gain,  sheets  always  entered 
at  the  same  place  on  the  roll  may  cause  trouble.     He 


must  constantly  watch  and  guard  against  such  things 
as  cold  drafts  of  air  blowing  on  the  rolls,  and  anything 
that  will  affect  the  temperature  of  the  roll.  Of  late 
years  some  of  these  difficulties  have  been  remedied  by 
burning  gas  against  the  rolls  to  expand  them  when 
not  in  operation,  or  by  blowing  steam  on  working  rolls 
to  keep  down  the  expansion. 

Another  most  important  factor  is  the  roll-neck  fric- 
tion, and  the  extent  of  this  is  not  always  realized.  For 
example,  when  finishing  a  pack,  if  one  neck  of  a  roll 
be  greased  (with  hot  neck  grease)  without  greasing 
the  other,  the  pack  will  always  draw  a  long  horn  next 
to  the  neck  that  is  dry.  The  reason  is  that  the  fric- 
tion on  the  ungreased  neck  is  greater  and  consequently 
heats  and  expands  the  roll  on  that  side.  Undoubtedly 
a  large  percentage  of  power  is  used  in  overcoming  roll- 
neck  friction.  I  have  reason  to  think  it  is  anywhere 
from  60  to  90  per  cent  although  there  are  no  definite 
figures  to  go  on.  This  is  one  of  the  most  important 
things  in  roll  design  and  yet  we  have  no  scientific  in- 
formation on  the  subject.  If  we  had,  it  might  lead  to 
some  radical  changes. 

On  hot-roll  sheet  mills  at  work,  a  blue  or  indigo 
color  is  often  observable  and  this  w-ill  correspond  to  a 
temperature  of  about  550  degrees  F.  This  temperature 
will  often  run  higher,  although  when  reaching  750  de- 
grees, showing  a  gray,  the  roll  is  liable  to  break  shortly 
afterwards.  In  a  perfectly  dark  room  probably  900 
degrees  F.  would  give  the  roll  a  perceptible  red  color. 
Naturally,  the  roll  is  hotter  in  the  center  than  at  the 
ends  and  the  necks  are  cooler  for,  although  grease  is 
often  seen  burning  on  the  neck,  the  temperature  at 
which  the  grease  burns  is  generally  lower  than  the 
temperature  of  the  roll  as  indicated  by  its  color. 

In  the  history  of  sheet  rolling  there  has  been  a 
tendenc}'  to  increase  the  diameter  of  the  rolls  con- 
tinually, until  today  sheet  rolls  of  30  inches  are  seen 
and  I  understand  rolls  as  large  at  32  inches  have  been 
used.  The  larger  the  roll,  the  more  tonnage  can  be 
turned  out,  as  a  large  roll  does  not  change  its  tem- 
perature as  readily  as  a  small  one.  There  is  evidently 
a  limit  to  the  size  however  (aside  from  practical  con- 
siderations of  handling  such  heavy  rolls),  for  the  larger 
the  roll  the  more  the  radiating  surface  to  cause  cooling 
(The  fact  that  the  volume  varies  as  the  cube  and  the 
surface  only  as  the  square  of  the  diameter,  has  only 
an  indirect  relation  to  this  problem  of  cooling).  Also, 
the  larger  curvature  will  not  draw  the  steel  as  much 
for  the  same  total  pressure. 

As  far  as  the  'breakage  of  rolls  is  concerned  this  is 
apparently  due  to  unequal  expansion,  and  not  to  the 
stress  of  rolling;  as  evidenced  bj-  the  fact  that  rolls 
sometimes  break  when  the  roll  is  standing  still,  the  ■ 
roll  train  perhaps  having  been  stopped  for  a  few  mo- 
ments during  the  working  period. 

Considering  now  the  possibility  of  a  continuous 
sheet  mill,  it  will  be  remembered  that  the  United  States 
Steel  Corporation  spent  a  very  large  sum  of  money  at 
Farrell,  Pa.  A  complete  plant  was  built  and  in  it  was 
installed  a  continuous  sheet  mill  which  consisted  of  a 
series  of  stands  of  ordinary  two-high  sheet  mills  in 
tandem — the  sheet  passing  through  one  stand  after 
another,  never  being  in  two  stands  at  the  same  time ; 
and  the  sheets  were  automatically  doubled  and  matched 
together  in  special  devices  at  certain  points  in  the 
train.  This  was  about  1906  or  1907.  It  was  thought, 
even  if  it  were  impossible  to  roll  the  liglUer  gages  such 
as  26  and  28,  that  18  or  20  gage  could  be  successfully 


March,  1922 


\o  5lasf  FumacoSSfeel  Planf 


177 


rolled.  After  this  mill  had  been  given  a  most  thorough 
trial  it  was  given  up,  the  mill  was  dismantled,  and  the 
ordinary  method  of  sheet  rolling  installed. 

This  is  a  convincing  and  definite  proof  of  the  great 
difficulties  of  sheet  manufacture  by  using  our  present 
roll  stands  in  a  continuous  train.  Aside  from  any  other 
question  the  difficulty  of  keeping  so  many  different 
rolls  in  a  like  expanded  condition  and  shape  seems 
insurmountable.  The  present  method  of  using  gas  and 
steam  on  the  rolls  which  was  not  known  at  that  time, 
might  have  aided  a  little;  but  something  a  good  deal 
more  certain  than  this  must  be  devised  if  light  gages 
are  to  be  rolled  in  this  manner.  Possibly  the  heavier 
gages,  say,  10  and  12,  could  be  made  in  this  way,  but 
we  already  have  satisfactory  mills  of  a  different  type 
for  this  purpose  and  we  would  be  no  further  along  to- 
wards automatically  rolling  light-gage  sheet  steel. 

Some  method  of  absolutely  heating  the  steel  to  a 
definite  temperature — ^possibly  some  form  of  electric 
furnace — and  some  way  of  keeping  the  shape  of  the 
roll  must  be  devised.  Rolls  have  been  cast  with  holes 
through  the  center  and  steam  introduced  or  gas  burned 
inside  them ;  but  they  have  been  found  inadequate  to 
hold  their  shape  and  stand  up  to  the  service.  The 
practice  alread}'  mentioned  of  using  gas  and  steam  on 
the  surface  of  the  rolls  is  more  satisfactory.  Perhaps 
some  day  rolls  will  be  placed  inside  a  constant  tem- 
perature furnace,  but  what  would  be  done  about  the 
bearings  and  other  details  is  a  question. 

Some  twelve  or  more  years  ago  I  visited  a  con- 
tinuous sheet  mill  in  the  town  of  Teplitz  in  Northern 
Austria.  This  is  an  extremely  interesting  mill  and  the 
only  one  of  its  kind  I  ever  heard  of.  There  are  five 
stands  of  two-high  continuous  rolls,  all  being  alike, 
having  a  diameter  of  23^  inches  and  a  length  of  59 
inches.  In  front  of  this  is  a  small  set  of  three-high 
rolls,  and  to  the  right  a  larger  set  of  three-high  rolls. 
.An  eight-inch  slab  is  delivered  to  the  large  three-high 
mill  and  broken  down  to  three  or  four  inches  in  thick- 
ness. This  slab  is  then  cut  in  half  and  put  into  a 
reheating  furnace,  the  furnace  not  being  shown  on  the 
drawing.  One  of  these  halves  then  goes  to  the  small 
three-high  mill  and  is  reduced  to  9/32  of  an  inch  (7 
mm.)  in  thickness  and  then  without  reheating  is  put 
into  the  Continuous  stands.  This  thickness  (9/32  inch) 
is  always  the  same,  and  the  reduction  is  varied  on  the 
continuous  mill  to  give  the  required  final  thickness. 

The  sheet  is  finished  about  60  feet  long  and  is,  of 
course,  in  all  the  stands  at  the  same  time.  Sheets  are 
always  rolled  singly  and  never  in  packs  or  doubled. 
They  are  from  40  to  50  inches  wide.  The  stands  are 
about  nine  feet  from  center  to  center  and  no  idle  rolls 
or  automatic  tallies  of  any  kind  are  used — simply  sta- 
tionary guides  six  or  eight  inches  high  and  a  cast-iron 
plate  between  the  stands  on  which  the  sheet  slides. 
The  gear  train  gives  the  first  stand  rolls  30  rpm,  the 
next  37.5.  then  45,  52.5,  and  60  for  the  last  stand.  When 
I  saw  the  mill  it  was  rolling  a  final  product  of  12  gage, 
making  a  total  reduction  in  the  five  stands  of  some 
58  per  cent  (from  7  mm.  to  3  mm.). 

Several  points  of  great  interest  present  themselves 
in  connection  with  this  mill.  The  first  is  the  fact  that 
such  a  thin  piece  of  steel  could  be  in  all  the  five  stands 
of  rolls  at  the  same  time  and  not  either  tear  or  be 
crumpled  between  them.  Right  here  there  is  a  great 
deal  of  confusion  as  to  the  pull  exerted  by  rolls  gen- 
erally on  steel  and  for  this  reason  I  want  to  digress 
for  a   moment.     You  will   remember  that  a  paper  on 


the  theory  of  the  rolling-mill  was  read  by  Professor 
W.  Trinks,*  before  this  Society.  In  this  he  says : 
"Most  people  think  that  the  steel  is  pulled  through  the 
rolls  with  great  force.  As  a  matter  of  fact  there  is 
little  if  any  pulling  action."  This  of  course  supposes 
the  steel  free  and  not  held  by  any  outside  force. 

This  continuous  mill  has  demonstrated  the  fact  that 
not  only  can  the  shape  of  the  rolls  be  controlled  but 
the  speeds  and  drafts  among  the  various  stands  can  be 
properly  adjusted,  at  least  for  single  sheets  as  thin 
as  14  gage. 

Another  point  of  great  interest  is  the  fact  that  the 
back  end  of  the  sheet  comes  out  thicker  than  the  front 
end,  due  to  the  rapid  loss  of  heat  while  in  the  con- 
tinuous rolls.  To  work  this  mill  economically  it  must 
work  these  long  lengths  and  it  is  their  practice  to  cut 
the  60-foot  sheets  into  short  pieces,  and  afterwards 
sort  the  corresponding  thicknesses  from  the  different 
long  lengths  together;  so  that  the  variation  of  thick- 
ness would  not  be  noticeable  to  customers. 

I  was  told  that  the  mill  was  not  a  great  financial 
success  as  there  was  not  demand  enough  to  keep  run- 
ning steadily  on  these  particular  gages.  Furthermore, 
the  engine  running  the  continuous  mill  was  about  1,000 
horse-power  normal  rating  and  totally  inadequate  to 
run  the  mill  satisfactorily.  They  said  they  wanted  to 
buy  a  larger  engine  but  had  no  money.  I  never  heard 
whether  or  not  another  engine  was  installed,  nor  do 
I  know  what  happened  to  this  plant  during  the  war. 

They  had  experimented  very  little  with  trying  to 
roll  two  sheets  in  a  pack.  The  furnace  lay-out  made 
it  almost  impossible  to  do  so.  However,  the  little  that 
had  been  done  seemed  to  show,  as  one  would  expect, 
that  the  thinner  the  sheet  the  greater  the  non-uniform- 
ity of  thickness.  It  would  seem  that  a  reversing  two- 
high  mill,  receiving  alternately  the  hot  and  cold  end 
of  the  steel  might  equalize  this  thickness  and  possibly 
be  more  satisfactory  than  the  five  continuous  stands. 
So  the  question  would  naturally  arise,  what  is  the  best 
way  of  rolling  12  and  14  gage."  Then  too,  it  would  be 
impossible  to  take  this  12  or  14  gage  rolled  on  a  special 
mill  and  finish  it  on  the  ordinary  two-high  sheet  mill. 
Shapes  of  sheets  and  rolls  will  not  fit  and  while  one 
or  two  packs  might  be  rolled  with  care,  the  scrap  loss 
would  be  enormous  and  this  has  been  tried  commer- 
cially and  failed.  It  has  also  been  suggested  and 
thought  possible  to  reduce  the  cost  of  sheet  rolling 
by  starting  with  the  product  from  a  universal  plate 
mill  instead  of  a  slaeet  bar  mill.  If  a  universal  plate  of 
seven  or  eight  gage  and  of  accurate  width  were  cut  to 
proper  size  it  would  be  equivalent  to  doing  away  with 
some  of  the  present  roughing  down  process.  How- 
ever, when  the  price  of  the  universal  plate  is  taken  into 
account  there  is  little  or  no  gain,  and.  in  addition,  the 
difficulty  of  doing  good  work  has  been  very  greatly 
increased. 

Speaking  of  a  reversing  mill,  at  first  thought  it 
would  appear  that  sheets  might  be  successfully  rolled 
in  packs  on  a  two-high  reversing  mill.  The  condition 
of  the  snme  two  rolls  in  the  same  relation  to  each  other 
and  the  same  pack  of  steel  is  what  we  have  in  the  com- 
mercial mill  now;  and  certainly,  with  reversing  roller 
tables,  etc.,  a  large  saving  in  labor  would  result  even 
if  the  tonnage  per  set  of  rolls  were  not  increased.  How- 
ever, it  must  be  remembered  that  in  a  reversing  mill, 
first  one  end   of  the  pack   and   then   the  other  would 
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be  entered,  and  this  thin  pack  of  sheets  would  have 
to  be  first  drawn  jn  one  direction  and  then  in  the  op- 
posite direction ;  and  that  the  two  ends  of  a  jiack  are 
not  alike.  So  that  we  really  have  a  very  diflfercnt  con- 
dition from  the  ordinary  two-high  stand. 

This  sheet  machinery  problem  is  a  real  ])roblem,  hut 
to  sa)'  or  predict  that  a  continuous  sheet  mill,  for 
instance,  is  an  impossibility,  reminds  me  of  my  friend 
the  physician  who  said  :  ".A  doctor  should  never  tell 
a  patient  he  is  goinj^  to  die,  because,  you  know,  lu- 
might  get  well."  .^nd,  while  the  outlook  at  the  present 
moment  is  not  encouraging,  I  am  one  of  those  who 
believe  the  solution  will  one  day  be  found. 

To  my  mind,  the  only  logical  way  to  approach  this 


problem  is  from  the  scientific  experimental  side.  It 
has  been  pretty  well  demonstrated  that  i)ractice  can- 
not furnish  enough  information.  We  need  more  knowl- 
edge of  what  actually  occurs  in  rolling — what  are  the 
pressures,  heat  distribution,  radiation,  friction,  etc. 
Who  knows  what  per  cent,  of  mechanical  energy  is 
turned  into  heat  during  a  pass? 

W  hen  enough  data  and  information  are  at  hand, 
new  ways  and  means,  as  always  haj)i)ens.  will  be  indi- 
cated. Our  way  of  looking  at  the  old  facts  will  be 
different  and  froiu  another  jjoint  of  view,  l-'ind  (nit  the 
underlying  princij)les  and  causes  first,  and  build  elab- 
orate experimental  plants  afterwards — not  before,  as 
has  been  the  case  in  the  past. 


Heat  Treating  Steel  For  Structural  Parts 

Illustrating  Means  of  Estimating  Carbon  Content  from  Micro- 
structure  After  Annealing — The  Comparison  of  the  Effects  of 
Heat   Treatment   on    Various    Steels   from   Mild    to   Tool    Steel. 

By  HORACE  C.  KNERR, 
MetallurgistrNaval  Aircraft  Factory. 


EXECUTI\'ES,  engineers,  designers  and  mechanics 
engaged  in  the  production  of  such  specialties  as 
high  grade  machinery,  engines,  automobiles  and 
airplanes,  seldom  have  the  time  to  study  deeply  into 
the  characteristics  of  their  most  indispensable  material, 
steel.  To  many  of  them  it  is  simply  a  strong,  hard  and 
tough  metal  of  moderate  cost,  which  can  be  depended 
upon  to  meet  certain  exacting  re{|uirenients  if  properly 
handled.  Its  strength  in  tension,  comjjression  and  shear 
can  be  obtained  from  reference  books,  and  if  it  is  "good 
steel"  it  will  not  be  too  difficult  to  work,  and  the  finished 
parts  will  stand  a  lot  of  wear  and  abuse  without  going 
to  pieces.  "Heat  treatment"  is  sonietimes  looked  upon 
by  the  layman  as  a  sort  of  mystic  ritual  whose  proper 
place  was  once  the  forge  and  tool  shop,  but  which  has. 
through  bad  luck,  recently  horned  its  way  into  the  fac- 
tory proper,  and  onto  the  blue  ])rint  and  specification ; 
and  long-winded  discussions  of  which  have  been  taking 
up  an  inordinate  amount  of  space  in  hitherto  sensible 
trade  journals,  along  with  a  lot  of  weird  terms,  and 
photographs  resenVbling  a  Cubist's  idea  of  a  violent 
earthquake  on  lower  P>roadway. 

Few  who  are  not  actually  engaged  in  metallurgical 
work  have  either  the  leisure  or  the  inclination  to  under- 
take a  detailed  study  of  the  principles  and  terms  used  in 
connection  with  heat  treatment  and  the  microscopic 
study  of  the  principles  and  terms  used  in  connection 
with  heat  treatment  and  the  microscopic  study  of  the 
structure  of  steel.  But  many  who  work  with  steel  would 
be  glad  to  have  more  light  on  the  fundamentals  of  this 
subject,  which  is  now  taking  so  important  a  place  in  the 
manufacture  of  high  grade  parts.  .^Xn  intelligent  grasp 
of  the  principles  of  heat  treatment  as  a  process  and  of  the 
use  of  the  microscope  in  judging  the  merits,  quality  and 
condition  of  a  piece  of  steel  is  well  worth  the  while  of 
many  who  do  not  care  to  qualify  as  metallurgists. 

Such  terms  as  "critical  range,  pearlite,  ferrite,  sor- 
bite, martensite.  eutectoid,  normalize."  etc.,  frequentlv 
appear  in  papers  and  discussions  on  steel,  and  the  man 


whose  training  has  been  along  other  lines  than  metal- 
lurgy quite  naturally  finds  much  to  be  desired  in  respect 
to  clearness. 

The  purpose  of  the  present  paper  is  to  attempt  a 
brief  and  non-technical  review  of  some  of  the  essential 
points  in  the  metallurgy  of  steel  such  as  is  used  in  the 
fabrication  of  mechanical  parts.  Tool  steels  and  special 
alloys  will  not  be  discussed,  as  their  field  is  more  com- 
plex. The  significance  of  critical  points,  the  nature  of 
various  constituents  in  the  microstructure  of  steel,  the 
influence  of  carbon  content  on  the  microstructure  and 
physical  properties,  and  the  effect  of  conmion  alloys, 
will  be  touched  upon.  Illustrations  will  be  given  show- 
ing the  relation  between  heat  treatment,  microstructure 
and  physical  proi)erties  in  some  steels  of  varving  carbon 
content. 

STRUCTL'R.\L  COMPOSITION  OF  STEEL 
Crystalline  Structure. 

.Steel  is  essentially  an  alloy  of  the  elements  iron  and 
carbon.  Minute  i|uantities  of  other  elements,  such  as 
manganese  and  silicon,  are  nearly  always  present,  as  are 
also  the  impurities,  sulphur  and  phosphorus.  Man- 
ganese is  introduced  piu^posely,  as  it  acts  as  a  scavenger 
for  sulphur.  I'he  others  exist  in  the  raw  materials  and 
it  is  almost  impossible  to  entirely  remove  them. 

The  metal,  iron,  is  crystalline  in  structure.  The  crys- 
tals are  generally  microscopic  in  size.  Steel  partakes  of 
the  crystalline  nature  of  iron.  When  a  ])roperly  pre- 
pared specimen  of  iron  or  steel  is  viewed  under  a  micro- 
scope at  a  magnification  of  about  100  diameters  or  over, 
the  crystals  can  be  clearly  seen  in  section.  See  Fig.  1, 
jjractically  carbonless  iron.  The  crystals  are  usually 
called  grains.  The  term  grains  as  here  used  should  be 
distinguished  from  grain  as  applied  to  wood  Correctlv 
speaking,  steel  has  not  the  latter  type  of  grain,  although 
its  behavior  and  the  appearance  of  its  fracture  mav  often 
suggest  such  a  fibrous  condition.  Hammering,  rolling 
or  drawing  may  distort  the  crystalline  grains,  and  some- 
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Fig.    1 — Practically   carbonless   iron 
structure. 


Showing   grain 


Fig.  2 — Longitudinal  section  of  steel  bar,  as  rolled. 
Grains  elongated  in  direction  of  rolling. 
Fig.  3 — Longitudinal  section  wrought  iron,  annealed. 

Streaks   of   slag,   which    give   fibrous    appearance.  Fig.   ^ — Pearhte    (lamellar)   and   Ferrite    (smooth). 

True  grains  may  be  seen,  and  are  not  elongated.  Exceptionally   large   formation. 

All  specimens  etched  with  2%   Nitric  Acid. 

All  photomicrographs   magnified   500  diameters,   except  where  noted. 


times  greatly  elongate  them,  giving  somewhat  the  effect 
of  grain  in  wood.  This  is  illustrated  in  Fig.  2,  a  longi- 
tudinal section  through  a  drawn  bar  of  steel.  \\'rought 
iron,  due  to  the  presence  of  streaks  of  included  slag, 
drawn  out  in  rolling,  may  also  have  the  fibrous  appear- 
ance characteristic  of  the  grain  in  wood.  This  is  shown 
in  Fig.  3,  a  longitudinal  secton  of  annealed  wrought  iron. 
The  black  streaks  are  slag,  but  the  crystalline  grains  can 
be  clearly  distinguished,  and  are  not  elongated. 

Carbon  Content. 

The  hardening  properties  of  steel  depend  fundamen- 
tally upon  the  amount  of  carbon  it  contains.  The  quan- 
tity ref|uired  is  verv  small,  seldom  exceeding  II/2  per  cent 
in  the  hardest  steels.  .Steels  for  structural  parts  range 
in  carbon  content  from  practically  carbonless  iron  hav- 


ing slow  strength  but  great  softness  and  ductility,  up  to 
spring  steel  containing  as  much  as  0.90  per  cent  carbon, 
and  certain  parts  requiring  great  hardness  and  resistance 
to  wear,  such  as  bearing  surfaces,  which  may  have  about 
1.0  per  cent  carbon.  The  tensile  strength  of  steel  in- 
creases with  carbon  content  up  to  about  0.90  per  cent, 
but  the  ductility  or  ability  to  withstand  bending  or  draw- 
ing decreases.  Both  tensile  strength  and  ductility  de- 
crease rapidly  above  0.90  per  cent  carbon  and  such  steel 
is  therefore  brittle  and  not  suitable  for  structural  parts. 
Only  steels  having  a  carbon  content  of  not  over  0.90 
per  cent  will  be  discussed  here. 

Cementite  and  Ferrite. 

The  carbon  in  steel  unites  with  a  definite  amount  of 
the  iron  as  a  chemical  compound,  the  carbide  of   iron, 
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whose  clieniical  symbol  is  Fe^C.  This  carbide,  known 
to  metallurgists  as  "cementite,"  is  the  real  hardening  con- 
stituent of  steel.  It  is  an  extremely  hard  substance,  be- 
ing practically  as  hard  as  glass,  and  is  also  very  brittle. 
There  is  no  free  carbon  in  steel,  it  all  goes  into  com- 
bination with  iron  as  cementite.  The  remaining  iron  is 
free  from  carbon  and  is  called  ferrite.  It  is  very  soft 
and  ductile. 

Pearlite. 

Ill  steel  which  has  been  slowly  cooled  from  a  high 
temperature,  or  "annealed,"  all  the  cementite  forms  a 
mechanical  mixture  with  a  certain  definite  proportion  of 
ferrite  (carbonless  iron),  in  the  form  of  alternate  thin 
layers  or  laminations  of  cementite  and  ferrite,  and 
which,  owing  to  its  appearance  under  the  microscope,  is 
known  as  "pearlite."     Fhis  is  clearly  illustrated  in  Fig.  4. 

Annealed  steel  whose  carbon  content  is  approximately 
0.90  per  cent  consists  entirely  of  pearlite  and  this  is 
called  "eutectoid  steel."  If  the  carbon  content  is  less 
than  this  the  steel  will  consist  of  a  mixture  of  pearlite 
and  free  ferrite.  This  is  called  hypo-eutectoid  steel.  If 
more  than  0.90  per  cent  carbon  is  present  there  will  be 
an  excess  of  free  cementite  surrounding  the  grains  of 
pearlite.  This  is  called  hyper-eutectoid  of  steel.  The 
latter  condition  tends  to  cause  extreme  hardness  and 
brittleness. 

Metallographic  Analysis  for  Carbon. 

The  pearlite  itself  is  always  of  eutectoid  composi- 
tion ;  that  is,  it  always  contains  about  0.90  per  cent  car- 
bon. ( The  exact  amount  varies  slightly  with  the  com- 
position of  the  steel  and  the  treatment  it  has  received, 
perhaps  from  0.85  per  cent  to  0.95  per  cent.)  This  fact 
affords  a  convenient  and  reliable  way  of  estimating  the 
carbon  content  of  a  specimen  of  steel,  without  the  need 
of  chemical  analysis.  The  specimen  is  fully  annealed,  a 
section  cut  through  it,  polished  by  means  of  successively 
finer  grades  of  emery  and  polishing  powder,  to  a  mirror- 
like finish,  etched  with  dilute  nitric  acid  (2  per  cent) 
and  examined  under  the  microscope. 

If  the  carbon  content  is  approximately  .90  per  cent, 
the  structure  will  be  entirely  pearlitic 

If  the  carbon  content  is  less  thari  about  .05  per  cent, 
as  in  soft  iron,  no  pearlite  will  appear. 

If  the  carbon  content  is  0.45  per  cent  a  structure 
consisting  half  of  pearlite  and  half  of  ferrite  will  appear, 
the  pearlite  being  dark  and  the  ferrite  bright.  If  the  car- 
bon content  is  0..W  per  cent  the  structure  will  consist  of 
one-third  pearlite  and  two-thirds  ferrite,  and  so  on,  the 
proportion  of  pearlite  to  the  entire  mass  always  being 
the  proportion  the  carbon  content  bears  to  0.90  per  cent. 
This  can  be  expressed  by  the  formula 


Per  cent  carbon  ^ 


Pearlite  area 


X  0.90 


Total   area 

With  practice,  the  carbon  content  can  be  estimated  by 
this  method  with  plus  or  minus  5  points  (.05  per  cent). 

In  specimens  whose  carbon  content  is  greater  than 
about  0.90  per  cent  the  carbon  content  can  be  approxi- 
mated by  estimating  the  amount  of  excess  cementite 
which  appears  as  a  network  about  grains  of  pearlite. 
This  is  not,  however,  of  interest  here,  as  such  steels  are 
not  used  in  construction  on  account  of  their  brittleness. 

Annealing. 

In  the  foregoing  paragraphs  steel  has  been  considered 
in  its  annealed  condition. 

Annealing  consists  in  heating  the  metal  above  a  cer- 


tain high  temperature  ("critical  range"  described  below), 
generally  a  bright  red  heat,  and  causing  it  to  cool  slowly, 
as  in  the  furnace.  This  leaves  the  steel  with  a  structure 
consisting  of  grains  of  pearlite,  surrounded  either  by 
free  ferrite  or  cementite,  according  to  whether  the  car- 
bon content  is  below  or  above  .90  per  cent,  as  previously 
explained. 

Heating  much  above  the  critical  range  or  holding  for 
too  long  a  time  above  the  critical  range  causes  the  grains 
to  enlarge.  Coarse  grain  structure  is  very  objectionable 
as  it  tends  to  weaken  the  steel  and  make  it  brittle. 

N ormalizing  may  be  considered  as  a  form  of  anneal- 
ing. It  has  been  defined  as  heating  the  steel  slightly 
above  the  critical  range,  and  cooling  in  air.  This  serves 
to  remove  internal  stresses  in  the  metal  that  may  have 


Fig.  5 — Annealed — Heated  to   16.^0  dep:.   F.  and  cooled  in  air. 
Pearlite — Ferrite. 

Yield  stress  30,000 

Ultimate   stress  40,000 

Elongation  2-in.  45% 

lirinel!  hardness  100 

Fig.  6 — Hardened — •Heated  to  1625  deg.  F.  and  quenched  in  oil. 

Sorbite  and   Ferrite   (carbon  too  low  for  complete   hard- 
ening.) 

Yield  stress  50,000 

Ultimate  stress  65,000 

Elongation  2-in.  25% 

Brinell  hardness  135 

Fig.  7 — Tempered — at  850  deg.  for  30  minutes.     Sorbite    pass- 
ing into  pearlite  and  ferrite. 

Yield  stress  45.000 

Ultimate  stress  60.000 

E'longation  2-in.  30'"v 

Brinell  hardness  125 

Fig.  8 — Annealed — Heated  to  1600  deg.  F.  and  cooled  in  still 
air,     Pearlite — Ferrite. 

Medium  (low")   Carbon  steel.  Carbon  0.30%. 

Yield  stress  40.000 

Ultimate  stress  60,000 

Elongation  2-in.  27% 

Reduction   of   area  55% 

Brinell  hardness  150 

Fig.  9 — Hardened — Heated   to   1575  deg.  F.  and  quenched  in 

oil.     Sorbite  with  some   ferrite.  (Hardening  not   entirely 

complete  due  to  comparatively  low  carbon.) 

Yield  stress  80,000 

Ultimate  stress  90,000 

Elongation  2-in.  15% 

Reduction  of  area  40% 

Brinell  hardness  200 

Fig.   10 — Tempered — at  000  deg.  F.   for   30  minutes.     Sorbite, 
passing  into  Pearlite  and  Ferrite. 

Yield  stress  60.000 

Ultimate  stress  80,000 

Elongation  2-in.  '                 22% 

Reduction  of  area  50% 

Brinell  hardness  170 


been  set  up  in  cold  working,  and  to  produce  a  fine  and 
uniform  grain  structure. 

Critical  Points. 

The  heating  of  steel  to  high  temperatures,  although 
considerably  below  the  melting  point,  causes  very  impor- 
tant changes  to  take  place  in  its  condition.  These  inter- 
tial  changes  are  accompanied  by  certain  phenomena, 
such  as  the  release  or  absorption  of  heat,  abrupt  expan- 
sion or  contraction,  changes  in  magnetic  qualities,  etc. 

The  transformations  for  a  given  steel  take  place  at 
certain  definite  temperatures,  called  transformation 
points,   or   more   commonly    "critical    points."      Broadly 
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speaking,  low  carbon  steel  has  three  critical  points,  nie- 
deiiini  carbon  two,  and  high  carbon  one.  i  he  limits  of 
temperature  between  which  the  critical  points  occur  are 
called  the  "critical  range"  of  the  steel.  The  position  of 
the  points  is  alTected  by  the  chemical  composition  of 
the  steel  and  also  upon  the  rate  of  heating  or  cooling. 

The  critical  range  is  lowered  with  an  increase  in  car- 
bon up  to  the  eutectoid  composition.  0.90  per  cent  car- 
bon. Other  elements,  such  as  nickel,  chromium,  man- 
ganese, tungsten,  etc.,  have  a  strong  effect  on  the  criti- 
cal range,  some  tending  to  raise  and  others  to  lower  it. 
This  will  be  more  fully  discussed  vmder  alloy  steels. 

The  critical  points  are  reversible  on  heating  and  cool- 
ing. That  is,  if  certain  changes  take  place  in  a  piece  of 
steel  when  it  is  slowly  heated  to  above  the  critical  range, 
equal  and  opposite  changes  will  take  place  on  slowly 
cooling  it  to  below  the  critical  range.  For  example,  on 
a  rising  temperature,  there  will  be  a  sudden  absorption 
of  heat,  a  loss  of  magnetic  properties,  and  a  halt  in  the 
expansion  of  the  metal,  w-hile  on  a  falling  temperature 
heat  will,  at  a  certain  point,  suddenly  be  given  olT,  mag- 
netic properties  regained,  and  contraction  momentarily 
cease.  The  changes  on  cooling  will  take  place  at  some- 
what lower  temperatures  than  they  did  on  heating,  that 
is,  there  is  a  lag  in  the  cjxle.  The  position  of  the  trans- 
formation points  is  affected  by  the  rate  of  heating  or 
cooling.  They  will  be  higher  if  the  piece  is  rapidly 
heated,  and  will  be  lower  if  it  is  rapidly  cooled. 

Hardening  or  Quenching. 

The  hardening  power  of  steel  depends  upon  changes 
which  take  place  in  its  condition  on  heating  it  above  the 
critical  range.  .Sudden  cooling  prevents  the  steel  from 
returning  to  the  pearlitic  condition  which  it  has  after 
slow  cooling. 

W'hen  steel  which  has  been  heated  above  its  critical 
range  is  suddenly  cooled  to  normal  temperature,  as  by 
quenching  in  oil  or  water,  a  homogeneous  mass  of  fine 
structure  and  ma.ximum  hardness  results.  This  is  very 
different  both  in  appearance  and  properties  from  the 
pearlite  and  ferrite  obtained  by  slow  cooling.  With 
high  carbon  steel  and  certain  medium  carbon  alloy  steels 
this  mass  will  consist  of  "martensite."  Next  to  cem^n- 
tite.  martensite  is  the  hardest  and  most  brittle  con- 
stituent of  steel.  It  has  a  structure  suggesting  a  tri- 
angular network  of  needles.  Individual  grains  cannot 
ordinarly  be  distinguished.  Lower  carbon  steels  when 
quenched  will  yield  "sorbite,"  a  softer  and  more  ductile 
substance  than  martensite,  but  harder  and  tougher  than 
pearlite. 

.Still  lower  carbon  steels  will  _\-ield  a  mi\tm-c  of  sor- 
bite and  ferrite  when  quenched.  Illustrations  of  these 
structures  are  given  further  below.     Figs.  5  to  10. 

CJuenching  from  temperatures  lower  than  the  criti- 
cal range  will  result  in  practically  no  hardening,  and  if 
the  quenching  temperature  lies  within  the  critical  range 
the  hardening  will  be  partial. 

Heating  nuich  above  the  critical  range  for  quench- 
ing will  produce  a  coarse  structure  and  tend  to  cause 
brittleness  and  other  ill  etTects. 

.Accurate  control  of  quenching  temperatures,  bv 
means   of    reliable   pyrometers,    is   therefore   essential. 

Steel  which  has  been  quenched  is  generally  too  hard 
and  brittle  for  structural  use.  and  contains  severe  in- 
ternal hardening  strains  set  up  by  the  unequal  contrac- 
tion of  the  mass  in  sudden  cooling.  These  strains  are 
likely  to  cause  cracks,  and  uutst  alwavs  be  removed  bv 
the  operation  known  as  tempering. 


Tempering  or  Drawing. 

I  emijcring,  sometimes  called  drawing,  consists  in  re- 
heating hardened  steel  to  certain  temperatures  below  the 
critical  range,  generally  followed  by  allowing  to  cool  in 
air. 

In  addition  to  relieving  internal  strains  caused  by 
(juenching,  tempering  reduces  the  hardness  and  increases 
the  fluctility,  at  the  same  time  lowering  the  tensile 
.strength  of  the  steel.  Hy  varying  the  tempering  tem- 
perature from  a  few  himdred  degrees  Fahrenheit  up 
to  the  critical  range,  various  combinations  from  maxi- 
nunn  hardness  and  tensile  strength  and  minimum  duc- 
tility, to  minimum  hardness  and  tensile  strength  and 
ma.ximum  ductility  are  obtained. 

This  is  accompanied  by  corresponding  changes  in  the 
microstructure. 

With  increasing  temperature  the  martensite  of  hard- 
ened steel  breaks  down  into  the  softer  and  more  ductile 
sorbite,  and  the  sorbite  into  a  still  softer  mixture  of  sor- 
bite and  finely  divided  ferrite,  and  finally,  as  the  draw- 
ing temperature  reaches  the  critical  range  the  sorbite  re- 
solves into  pearlite  with  the  complete  seperation  of  tlTe 
excess  ferrite.  as  in  annealed  steel. 

Troostite. 

In  passing  from  martensite  to  sorbite,  an  interme- 
diate condition  occiu's,  known  as  troostite,  and  appear- 
ing as  dark  spots  on  the  background  or  matrix  of  mar- 
tensite. The  exact  nature  of  troostite  is  somewhat  in 
doubt,  but  it  is  generally  regarded  as  a  transitional  stage 
of  martensite  breaking  down  into  sorbite,  or  a  con- 
glomerate of  the  two.  It  is  softer  and  more  ductile  than 
martensite,   but   harder  and   less  ductile  than   sorbite. 

Alloy  Steels. 

By  adding  to  steel  small  quantities  of  certain  metals 
such  as  nickel,  chromium,  vanadium  and  molybdenum, 
singly  or  in  various  combinations,  its  physical  ]iroperties 
can  be  very  greatly  improved.  The  first  three  are  the 
most  extensively  used  alloys  for  steel  intended  for  struc- 
tural parts,  and  molybdenum  is  taking  an  important 
place.  Larger  quantities  of  manganese  and  silicon  than 
ordinarily  present  in  steel,  and  other  alloys  such  as  tung- 
sten, zirconium,  etc..  also  have  important  fvmctions  for 
special  purposes. 

Each  of  these  alloys  has  its  characteristic  effect,  and 
the  particular  amount  of  each  which  is  the  most  desir- 
able has  definite  limits.  All  of  them  depend  upon  proper 
heat  treatment  to  produce  the  desired  results.  This  fact 
is  often  overlooked  by  users  of  steel,  to  their  consider- 
able disadvantage.  The  effectiveness  of  the  allovs  also 
varies  largely  with  the  amount  of  carbon  in  the  steel. 

Nickel  may  be  added  economically,  up  to  about  4  per 
cent.  Above  this  an  increase  in  nickel  is  not  repaid  bv  a 
corresponding  improvement  in  properties,  and  in  certain 
quantities  is  even  harmful.  The  presence  of  about  3j^ 
per  cent  of  nickel  greatly  increases  both  the  tensile 
strength  and  ductility  of  a  steel  of  given  carbon  con- 
tent after  proper  heat  treatment.  .As  with  carbon,  the 
critical  range,  and  consequently  the  quenching  tempera- 
ture, is  lowered  with  an  increase  in  nickel.  Without 
heat  treatment,  nickel  has  very  little  effect  on  the  prop- 
erties of  steel. 

The  presence  of  nickel  cannot  be  detected  bv  means 
of  the  microscope,  as  it  goes  into  solution  much  as  salt 
does  in  water,  and  does  not  form  any  recognizable  con- 
stituent. 

Chromium  is  generall\'  added  up  to  about  1.7S  per 
cent  as  a  maximum,  smaller  amounts  being  more  com- 
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mon.  Alone,  it  increases  the  ability  of  the  steel  to 
harden  in  quenching,  but  also  tends  to  cause  brittleness. 
It  raises  the  critical  range.  Chromium  is  most  profitably 
used  in  conjunction  with  one  of  the  other  alloys,  nickel, 
vanadium  or  molybdenum,  as  these  counteract  the  brit- 
tleness found  with  chromium  alone,  and  great  tensile 
strength  and  toughness  result- 
Vanadium  and  molybdenum  are  somewhat  similar  in 
their  action,  being  most  valuable  as  enhancing  the  effect 
of  another  alloy,  usually  chromium.  They  are  used  in 
very  small  quantities,  0.15  per  cent  being  customary  for 
vanadiiuii  and  about  0.25  per  cent  to  0.50  per  cent  for 
molybdenum.  Both  of  them  toughen  the  steel,  that  is, 
they  increase  the  ductility  for  a  given  tensile  strength, 
and  they  also  increase  the  tensile  strength.  Vanadium 
raises  the  critical  range.  Molybdenum  has  the  remark- 
able and  very  valuable  effect  of  widening  the  limits 
within  which  it  is  safe  to  vary  the  quenching  tempera- 
ture, so  that  the  heat  treatment  will  be  rendered  less 
delicate. 

In  General. 

By  the  successive  operations  of  hardening  and  tem- 
pering it  is  possible  to  obtain  the  most  desirable  com- 
binations of  hardness,  strength,  ductility  and  toughness 
inherent  to  the  steel  in  ciuestion.  The  use  of  certain  alloys 
greatly  intensifies  the  beneficial  effects  derived  from  heat 


treatment.  It  must  be  borne  in  mind  that  the  physical 
properties  obtainable  by  heat  treatment  are  strictly  lim- 
ited by  the  chemical  composition  of  the  steel  itself.  It 
would  be  impossible,  for  instance,  to  impart  to  low  car- 
bon steel  the  hardness  obtainable  in  high  carbon  steel, 
or  to  make  the  latter  as  malleable  as  the  former,  or  as 
tough  as  a  particular  alloy  steel. 

Photo-micrographs  and  data  illustrating  the  effect  of 
heat  treatment  upon  the  structure  and  physical  proper- 
ties of  several  types  of  steel  used  in  aircraft  construc- 
tion are  given  in  Figs.  5  to  10  inclusive.  (Per  cent 
elongation  is  a  measure  of  the  ductility  of  steel,  that  is, 
its  ability  to  stand  deformation  without  breaking.) 

The  values  of  tensile  strength  and  elongation  after 
hardening  are  given  for  purposes  of  comparison  only. 
For  the  reasons  stated,  quenched  steel  should  never  be 
used  without  having  been  drawn. 

It  will  be  noted  from  the  data  that,  as  the  carbon 
content  increases,  the  tensile  strength  and  hardness  in- 
crease, and  the  ductility  (per  cent  elongation)  decreases 
for  the  steel,  either  in  the  annealed,  quenched  or  tem- 
pered state,  and  the  quenching  temperature  becomes 
lower. 

The  remarkable  effect  on  the  strength  and  ductility 
of  adding  3^  per  cent  nickel  to  0.30  per  cent  carbon 
steel  is  manifest,  and  it  is  plain  that  the  effect  depends 
almost  entrely  upon  heat  treatment. 


Acid  Open  Hearth  Process  for  Manufacture 
of  Gun  Steel  and  Fine  Steel 

Detailed  Description  of  This  Manner  of  Work,  Giving  the  Various 
Steps  of  Manufacture — Result  of  Investigations  Made  by  Special 
Committee  as  to  Difficulties  Encountered. 

By  W.  p.  BARBA  and  HENRY  M.  HOWE 


IN  Sections  1  to  11  inclusive,  we  give  a  condensed 
statement  of  our  subject,  in  particular  indicating  the 
chief  ends  to  be  held  in  view  in  conducting  the  open 
hearth  process  for  gun  steel,  while  in  the  remainder  of 
the  paper  we  elaborate  this  matter. 

1.  Composition — In  order  to  comply  with  the  physi- 
cal tests  of  American  ordnance  specifications,  the  com- 
position of  nickel  steel  pieces  for  cannon  and  shafting 
should  lie  within  the  following  limits,  the  exact  com^ 
position  varying  with  the  part  of  the  gun  which  the  piece 
in  question  is  to  form,  whether  ■  tube,  jacket,  hoop,  or 
other. 


Per  Cent 

Carbon    0..35  to  0.50 

Pho.sphorus    below  0.05 

Sulphur    below  0.05 


Per  Cent 

Manganese     0.50  to  0.75 

Silicon     0.15  to  0.30 

Nickel    2.50  to  3.75 


For  ease  of   exposition   we   have   assumed   a   specific 
carbon  content,  0.35  per  cent. 

The  steel  should  be  brought  at  the  moment  of  teem- 


ing! to  the  desired  composition  in  every  respect. 

(a)  The  manganese  and  silicon  must  be  brought  to 
the  desired  proportion.  In  order  to  do  this,  the  bath 
should  be  freed  from  oxygen  as  nearly  as  possible  and 
certainly  to  a  constant  degree.  This  freedom  from  oxy- 
gen is  important  also  for  lessening  or  preventing  segre- 
gation, blowholes,  and  structural  metallurgical  weakness. 
-  (b)  Phosphorus  and  sulphur  must  be  below  the  pre- 
scribed limit,  and  to  this  end  the  stock  must  be  suffi- 
ciently free  from  them. 

(c)  The  chromium  and  nickel  must  be  within  the 
prescribed  limits. 

2.  The  temperature  must  be  accurately  regulated, 
for  reasons  which  appear  in  the  following  paragraphs. 

3.  Segregation  must  be  restrained,  and  to  that  end 
the  steel  must  be  poured  at  a  relatively  low  temperature^ 
and  must  be  free  from  oxygen. 


♦Ab-stract  of  paper  presented  at  the  New  York  Meeting, 
February.  1922,  of  the  American  Institute  of  Mining  and 
Metallurgical  Engineers. 


tThroughout  this  paper  tapping  refers  to  pouring  the  steel 
from  the  furnace  into  the  ladle,  and  teeming  or  fouriiui  to  pour- 
ing it   from  the  ladle  into  the  mold. 

tThis  represents  American  practice.  In  Section  39,  we  con- 
sider the  reasons  which  favor  the  opposite  course  of  pouring  at 
a  high  temperature,  as  is  done  in  Continental  Europe, 
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4.  Columnar  rrystalliaatioii  must  be  restrained  and 
the  size  of  the  den<h-ites  kept  down.  To  this  end  the 
teeming  temperature  should   he  relatively   low. 

5.  Piping  Must  Be  Restrained — To  this  end  the  in- 
gots should  be  cast  with  the  large  end  up,  and  at  as  low 
a  temperature  and  as  rapid  a  rate  as  the  ingot  sizes  and 
the  chemistry  of  the  steel  permit. 

U.  li.vterual  Crarkiiig  Slioiild  Be  Prevented — Mere 
we  may  note  that  there  are  two  periods  of  brittleness. 
First,  when  the  steel  is  cooling  toward  the  solidus.  and 
thus  is  a  viscous  solid,  an  intimate  mixture  of  a  large 
projiortion  of  already  solid  pasty  particles  and  a  rela- 
tivelv  small  proportion  of  still  molten  steel.  Second,  at 
the  blue  heat.  The  tendency  in  any  given  layer  to  crack 
in  this  period  is  often  exaggerated  by  the  simultaneous 
expansion    which   the   deeper   seated   and    slightly    hotter 


expedient  to  bury  them  in  ashes.  If  this  is  done,  the 
time  between  stripping  and  burying  them  forms  a  third 
])ortion  of  cooling. 

(b)  By  saddening^  and  thereby  toughening  the  ingot 
very  carefully,  so  as  to  prevent  cracking  it  mechanically 
in  forging  or  rolling. 

(c)  By  retarding  the  heating  of  the  ingot  for  forging 
and  that  of  the  forgings  themselves,  so  as  to  lessen  the 
thermal  stresses. 

(d)  By  as  great  freedom  from  inclusions  as  possible. 
8.     Retention  of  fnelusions  Must  Be  Restrained — (a) 

By  deoxidizing  the  molten  steel  as  fully  as  possible  by 
iTieans  of  the  carbon  of  the  pig  iron,  because  the  product 
of  its  oxidation  is  gaseous  and  escapes,  whereas  those 
of  all  other  deoxidizing  agents  are  solid  or  molten  and 
tend  to  remain  as  inclusions.     In  order  that  as  much  as 
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layers    are    undergoing    in    passing    through    the    recal- 
escence. 

We  guard  against  this  external  cracking: 

(a)  By  tapering  the  mold  so  strongly  that  the  ingot 
frees  itself  from  it  readily  during  the  contraction  period 
immediately  after  pouring,  and  hence  is  readily  with- 
drawn. 

(b)  By  pouring  at  a  relatively  low  temperature  and 
slowly,  first  so  that  as  the  molten  steel  rises  in  the  mold, 
the  thickness  of  the  already  solidified  walls  may  in- 
crease fast  enough  to  withstand  the  increasing  ferro- 
static  pressure,  and  second,  that  the  size  of  the  columnar 
crystals  and  the  dendrites  may  be  restrained. 

(c)  By  fluting  or  otherwise  shaping  the  outer  sur- 
face of  the  ingot,  which  has  little  power  of  stretching, 
so  that  it  can  bend  horizontally  and  thus  accommodate 
itself  to  the  resistance  of  the  slower  cooling  and  hence 
slower  contracting  interior. 

7.  Internal  Craeks  Inchidinn  Flakes  Must  Be  Re- 
strained—  (a)  By  interrupting  tjie  relatively  rapid  cool- 
ing in  the  mold  and  replacing  it  with  slower  cooling  in 
ashes  as  soon  as  the  ingot  has  solidified  sufficiently  to 
be  moved  without  danger  of  cracking.  When  the  ingots 
are  cast  with  the  small  end  up,  their  molds  may  be 
stripped  before  they  have  cooled  far  enough  to  rnlake  it 


possible  of  the  deoxidation  should  be  done  by  carbon, 
the  working  temperature  during  refining  must  be  held  as 
high  as  the  safety  of  the  roof  will  permit. 

(b)  The  nearly  complete  deoxidation  by  carbon 
should  be  followed  by  further  deoxidation  by  silicon. 
The  manganese  should  not  be  added  till  after  this  silicon 
has  done  its  work  of  deoxidation,  in  order  that  as  little 
as  possible  of  it  may  oxidize.  This  is  both  so  that  the 
manganese  content  of  the  product  may  be  as  nearly  con- 
stant as  possible,  and  that  as  little  manganese  oxide  as 
possible  may  form  to  corrode  the  siliceous  hearth  of 
the  furnace  and  form  inclusions  of  manganese  silicate 
with  the  silica  so  eaten  away.  This  postponement  clearly 
tends  to  lessen  the  oxidation  of  manganese;  first,  by 
shortening  its  stay  in  the  furnace  and,  second,  by  pre- 
deoxidizing  the  bath  with  the  silicon. 

(c)  The  steel  should  be  held  in  the  ladle  a  moderate 
length  of  time  to  allow  the  inclusions  to  rise  to  the  sur- 
face, and  also  for  the  much  more  important  purpose  of 
])ermitting  the  finished  steel  to  fall  to  the  proper  tem- 
[lerature  for  casting  into  a  successful  ingot. 


§To  sadden  an  inyot  means  to  substitute  strong  cohesion  and 
toughness  for  its  initial  fragility  due  to  its  having  a  very  coarse 
crystalline  sugar-like  structure.  This  may  be  done  by  giving  it  a 
succession  of  light  reductions  under  a  hammer  or  press,  or  in  a 
rolling  mill.     "Sadden"  is  evidently  closely  related  to  "sodden." 
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9.  Hot  and  Cool  Pouring — American  practice,  which 
is  the  chief  subject  of  this  paper,  may  be  summed  up 
briefly  as  refining  hot  but  pouring  cool.  We  have  now- 
seen  four  reasons  for  cool  pouring: 

1.  That  it  is  thought  to  restrain  segregation. 

2.  That  it  restrains  the  size  of  the  dendrites. 
v3.     That  it  lessens  piping. 

4.     That  it  lessens  or  prevents  external  cracking. 

On  the  other  hand,  it  certainly  favors  the  retention 
of  inclusions,  by  shortening  the  time  available  for  their 
rising  to  the  surface  in  the  ladle.  Their  opportunity  to 
rise  is  really  good  only  so  long  as  the  steel  is  completely 
molten.  As  soon  as  it  cools  to  the  liquidus.  it  ceases 
to  be  wholly  molten  and  becomes  an  emulsion  of  an  ever- 
increasing  quantity  of  pasty  particles  of  metal  which 
have  already  solidified. 

10.  The  Furnace  Itself  Must  Be  Protected— i:o  the 
end,  ■  <| 

(a)  Its  hearth  should  be  protected  from  iron  oxide 
by  covering  it,  before  charging  the  scrap,  with  about  half 
of  the  pig  iron  used. 

(b)  The  working  temperature  of  the  furnace  must 
he  maintained  during  the  melting  and  refining  periods  at 
the  highest  point  consistent  with  safety  to  the  furnace : 
First,  so  as  to  shorten  the  melting  period,  during  which 
the  hearth  is  exposed  to  the  attack  of  the  iron  oxide,  be- 
cause it  is  not  fully  covered  by  the  molten  charge ;  sec- 
ond, so  as  to  stimulate  the  deoxidizing  action  of  the  car- 
bon of  the  bath  during  the  refining  period. 

11.  Recapitulation — There  are  really  only  four  pur- 
poses served  by  these  various  precautions,  with  their 
many   subprecautions.  viz. :      To  make  the   ingots : 

(a)  of  proper  and  uniform  composition, 

(b)  of  proper  macro-  and  microstructure,  and 

(c)  sound,  that  is   free    from    pipes,    blowholes, 
cracks,  and  roughness,  and 

(d)  to  prolong  the  life  of  the  furnace. 

12.  General  Course  of  Acid  Open  Hearth  Process — 
The  foregoing  sections  teach  that  the  general  aim  of  the 
process  is  to  melt  and  decarburize  the  initial  charge ;  to 
remove  the  oxygen  incidentally  introduced  in  this  decar- 
burization ;  to  bring  the  charge  to  a  high  temperature  in 
order  to  favor  the  deoxidation :  to  push  this  deoxidation 
further  by  means  of  silicon:  and  to  complete  it  by  means 
of  an  addition  of  manganese  sufficient  both  for  this 
purpose  and  for  leaving  in  the  steel  the  manganese  con- 
tent required.  While  doing  this  last  we  lower  the  tem- 
perature to  that  suitable  for  teeming,  taking  care  that 
the  bath  temperature  remains  so  high  that  the  manganese 
reaction  may  complete  itself,  and  we  then  teem  the  steel 
into  ingots  free  from  inclusions  and  other  mechanical 
defects.     Thus  we  "refine  hot  but  pour  cool." 

13.  The  raiv  materials  of  the  acid  open  hearth  proc- 
ess are  pig  iron,  scrap  steel,  and  in  standard  American 
practice  a  little  iron  ore. 

The  ratio  of  pig  to  scrap  is  usually  spoken  of  as  if 
these  two  materials  formed  the  whole  charge.  Thus  the 
40:60  ratio  refers  to  the  use  of  40  parts,  by  weight,  of 
pig  iron  to  60  parts  of  scrap  apart  from  the  small  quan- 
tity of  ore  used.  This  40:60  ratio  is  the  one  assumed 
in  this  report. 

This  pig-scrap  ratio  varies  widely  from  100  parts  of 
pig.  as  in  the  typical  pig-and-ore  or  Siemens'  process,  to 
only  about  10  parts  as  in  some  European  practice.  To 
this  important  ratio  we  will  return  in  Sections  33  to  35, 


after  fixing  our  ideas  by  considering  the  standard  Amer- 
ican practice.  Suffice  it  here  to  say  that,  as  the  func- 
ton  of  the  ore  is  to  oxidize  the  silicon  and  the  excess 
of  carbon  over  that  needed  in  the  product  plus  that  inci- 
dentally removed  in  the  necessarily  strongly  oxidizing 
process  itself,  the  quantity  of  ore  used  increases  with 
the  ratio  of  pig  to  scrap,  from  zero  in  the  typical  French 
and  Italian  non-oring  low-pig  practice  to  the  large  quan- 
tity needed  for  carrying  out  the  typical  pig  and  ore 
process. 

Not  more  than  10  per  cent  of  the  whole  charge  should 
be  in  the  form  of  turnings,  lest  the  rapidity  and  the  in- 
determinateness  with  which  they  oxidize  introduce  an 
indeterminate  quantity  of  iron  oxide  into  the  charge. 
Here,  as  in  all  other  respects,  the  working  conditions 
should  be  brought  as  nearly  as  possible  to  a  fixed  stand- 
ard, because  it  is  difficult  to  compensate  for  the  results 
of  even  minor  variations  in  procedure. 

When  pig  iron  is  relatively  expensive  it  may  be  re- 
placed partly,  or  even  wholly,  as  a  means  of  introducing 
the  needed  carbon,  by  charcoal,  anthracite,  or  petroleum 
coke,  when  these  latter  may  be  had  sufficiently  free  from 
sulphur. 

14.  Method  of  Charging — Half  the  pig  iron  should 
be  spread  upon  the  hearth,  the  scrap  should  be  placed 
upon  this,  and  the  other  half  of  the  pig  iron  on  top  of 
the  scrap.  The  reasons  for  this  arrangement  are,  first, 
that  the  hearth  should  be  protected  by  a  layer  of  pig 
iron  from  being  cut  by  the  oxygen-bearing  drops  of 
molten  scrap.  As  this  molten  metal  trickles  down,  drop 
by  drop,  over  the  oxidized  surface  of  the  scrap  imme- 
diately beneath,  it  is  almost  certain  to  become  strongly 
charged  with  oxide,  and  hence  to  corrode  the  bottom, 
unless  this  is  prevented  by  causing  it  to  trickle  over  a 
layer  of  pig  iron  below  it.  The  carbon  and  silicon  of 
this  pig  iron  will,  of  course,  react  energetically  with  these 
drops  of  molten  oxygen  bearing  iron,  to  deprive  them 
of  their  oxygen. 

Second,  the  purpose  of  covering  the  scrap  with  the 
remainder  of  the  pig  iron  is  to  protect  it  from  the  cutting 
effect  of  the  flame,  which  thus  is  utilized  for  oxidizing 
the  carbon  and  silicon  of  the  pig  iron,  instead  of  being 
employed  viciously  to  oxidize  the  scrap  and,  thereby,  to 
cause  it  to  attack  the  hearth  and  poison  the  bath  with 
oxides,  as  just  indicated. 

15.  Composition  of  Charge — The  carbon  content  of 
a  charge  of  40  per  cent  pig  and  60  per  cent  scrap  is 
about  2  per  cent.  In  melting,  this  should  fall  to  about 
1.25  per  cent. 

16.  Phosphorus  and  Sidphur — For  gun  steel,  the 
content  of  these  impurities  should  be  as  low  as  possible, 
hardly  over  0.05  per  cent  of  each.  In  the  case  of  small 
ingots,  less  than  26  in.  in  diameter  and  weighing  less 
than  15,000  lbs.,  a  very  slight  increase  in  the  phosphorus 
and  sulphur  content  might  be  considered,  but  not  in  the 
case  of  large  ingots,  because  in  these  the  local  concen- 
tration of  phosphorus  and  sulphur,  both  in  the  axial 
segregate  and  in  the  interdendritic  or  local  segregates, 
more  easily  causes  a  prohibitorily  large  content  of  these 
impurities  locally,  resulting  in  black  ghost  lines. 

17.  Manganese — (a)  It  is  well  that  there  should  be 
from  1  to  1^4  per  cent  of  manganese  present  in  the 
initial  charge.  Some  of  this  oxidizes  during  melting,  but 
an  appreciable  amount  remains  in  the  molten  metal  and 
aids  both  in  the  removal  of  sulphur  in  the  form  of  man- 
ganese sulphide  and  in  lessening  the  o.xygenation  of  the 
bath.  By  this  latter  eft'ect.  it  lesisens  the  loss  of  man- 
ganese in  the  final  additions. 
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(1))  '!"his  restriction  of  the  oxygenation  of  the  Iwlh, 
iviii  In  the  end  of  the  process  hv  an  initial  nmiiganese 
content  as  small  as  1  per  cent,  is  surprisin,;:;.  The  in- 
tensity of  the  deoxidizing  conditions  needecl  in  making 
ferromanganesc  in  the  blast  furnace  shows  how  readily 
manganese  oxidizes:  hence  we  should  expect  the  initial 
manganese  to  be  oxidized  rapidly  during  the  oxidizing 
stages,  both  in  melting  down  when  the  upper  half  of  the 
l)ig  iron  trickles  down  drop  by  drop  over  the  oxidized 
crusts  of  the  metal  beneath  it  in  a  strongly  oxidizing 
atmns])lu're.  and  also  in  the  intentionally  oxidizing  stage, 
Period  11. 

18.  Xiikcl — The  nickel  content  of  the  initial  charge 
should  be  somewhat  less  than  that  required  in  the  final 
l)roduct,  so  that  it  may  be  rectified  by  addition  of  nickel 
at  a  convenient  stage  in  the  process.  Rectifying  by  the 
subtraction  of  nickel  is,  of  course,  impossible. 

1').  Chromium — Unless  chromium  is  absolutely  re- 
quired by  the  specifications,  ,it  is  advised  that  not  more 
than  0.05  per  cent  of  it  should  be  present  in  the  mix- 
ture, because  of  the  difficulty  of  overcoming  its  tendency 
to  cause  inclusions  and  consequent  laminations.  Chrome 
steels,  as  such,  are  not  discussed  here. 

•20.  Graphical  Representation — Fig.  1  is  an  attempt 
to  express  the  various  stages  of  this  process  graphically. 
Vertical  distances  represent  temperature  and  horizontal 
time.  For  convenience,  the  process  may  be  divided  into 
five  periods  as  follows : 

I.  Melting  the  charge. 

II.  Accelerating  the  oxidation  of  the  carbon  in  ex- 
cess of  that  needed  in  the  product  by  oring  and  rais- 
ing the  temperature  to  the  high  point  needed  for  the  en- 
suing deoxidation  of  the  metal. 

III.  Carrving  the  deoxidation  as  far  as  this  can  be 
done  bv  means  of  the  carbon  of  the  bath  and  high  tem- 
perature. 

I\'.  Carrying  the  dexodiation  still  further  by  add- 
ing fcrrosilicon  while  the  bath  is  still  at  a  high  tempera- 
tiuT  and  cooling. 

\'.  Continued  cooling,  adding  ferromanganese,  to 
complete  the  deoxidation  and  give  the  product  the  de- 
sired manganese  content,  tapping  and  teeming. 

21.  Period  I.  Melting — (a)  In  the  first  period,  the 
liquidus  HC  refers  to'  the  average  melting  point  of  the 
charge  from  time  to  time.  The  melting  point  of  the  scrap 
is,  of  course,  nuich  above  that  of  the  pig  iron. 

(b)  The  more  strongly  ciu'vcfl  line  .\.\  represents 
the  actual  temperature  of  the  metal.  Starting  completely 
solid  and  at  room  temperature  at  the  origin,  it  rises 
gradually  during  the  first  period,  at  the  end  of  which 
it  crosses  line  I5C.  so  that  the  actual  temperature  of  tin- 
metal  coincides  with  its  li(.|uidus.  or  temjierature  of  com- 
plete fusion. 

(c)  The  rise  of  tcm])eraturf  should  be  as  rapid  as 
possible  so  as  to  shorten  this  period,  in  the  early  part  of 
which  hearth  is  attacked  more  or  less  seriously  by  the 
oxide  of  the  melting  metal  which  trickles  down. 

22.  Period  II.  Oring — (a)  When  the  charge  is  com- 
pletely melted  it  should  contain  0.90  to  1.20  per  cent  car- 
bon. We  have  now  to  remove  this  carbon  rapidly.  The 
first  step  is  to  add  about  10  lbs.  of  limestone  per  ton  of 
charge,  both  that  the  slag  may  be  fluid  and  that  the  lime- 
stone per  ton  of  charge,  both  that  the  slag  may  be  fluid 
and  that  the  carbon  dioxide  given  oft  may  start  the  metal 
boiling.  This  boiling  should  continue  from  this  point  on 
until  very  near  the  end  of  the  process,  in  order  to  trans- 
fer to  the  lower  part  of  the  charge  the  heat  reflected 


frdiii  ihc  roof  against  the  slag  floating  on  the  metal.  It 
has  often  been  proved  that  a  "quit  bath"  may  be  very 
heterogeneous  in  composition.  If  the  circulation  is  not 
sufiiciently  ra|)id,  it  should  be  assisted  chemically  or  me- 
chanically. Mechanical  stirring  with  rods  is  most  bene- 
licial  from  ever\-  point  of  view. 

What  may  be  called  "chemical  stirring"  is  that 
brought  about  by  the  evolution  of  carbon  dioxide  from 
the  limestone  and  of  carbon-monoxide  gas  within  the 
bath  itself  bv  the  reaction  between  the  iron  oxide  in  the 
slag  anfl  in  the  metal  with  the  carbon  of  the  metal.  This 
reaction  is  brought  about  by  the  introduction  of  iron  ore, 
or  "oring." 

(b)  In  about  45  min.  after  complete  fusion,  the 
charge  should  be  so  hot  that  we  may  begin  oring.  The 
quantity  of  ore  needed  is  usually  28  to  ii  lbs.  per  ton 
of  charge  and  is  usually  added  in  several  portions.  .N 
rich  pure  low-phosphorus  Lake  Superior  hematite  may 
well  be  used.  The  ore  should  not  be  charged  before  the 
metal  has  passed  so  far  above  its  liquidus  that  there  is 
no  chance  of  its  being  locally  so  chilled  by  the  ore  itself, 
and  by  those  features  of  the  reaction  which  are  en- 
dothermic.  that  this  reaction  will  not  take  place  actively. 
Hence  the  very  considerable  gap  between  lines  .\A  and 
BC  when  the  oring  begins. 

(c)  At  about  2  hr.  and  45  min.  from  the  beginning 
of  Period  II.  the  carbon  should  have  fallen  to  about  0.65 
per  cent.  This  should  bring  this  period  to  a  close,  be- 
cause the  time  between  the  arrival  of  the  carbon  at  this 
content  (0.65  per  cent)  and  its  arrival  at  the  final  con- 
tent (0.35  per  cent)  is  only  about  enough  to  insure  an 
approximately  thorough  removal  from  the  charge  of  the 
oxygen  which  has  incidentally  been  incorporated  into  it 
in  this  second  or  oring  period. 

23.  Period  III,  Ileoxidizing  or  Refining  by  Carbon — 
The  object  in  this  period  is  to  carry  on  the  removal  of 

the  oxygen  from  the  metal  by  means  of  the  carbon  still 
present,  and  of  the  very  high  temperature  which  gives 
that  carbon  its  needed  energetic  action  on  the  oxygen 
The  observations  of  Doctor  Burgess  indicate  that  the 
temperature  of  the  metal  at  this  time  is  about  1670  deg. 
C,  which  is  about  as  high  a  temperature  as  the  metal 
can  be  brought  to  without  endangering  the  roof  or  short- 
ening its  life  unduly. 

24.  Appearance  of  '.he  Slay — We  have,  at  present, 
no  direct  means  of  following  the  removal  of  the  oxygen 
from  the  molten  metal,  nor  indeed  do  we  know  how 
much  residual  o.xide  is  compatible  with  the  needed  ex- 
cellence of  the  product.  Instead  we  rely  on  the  removal 
of  iron  oxide  from  the  slag,  on  the  principle  that  as  the 
iron-oxide  content  of  the  metal  falls,  that  of  the  slag 
decreases  with  it.  .\nd,  in  general,  the  iron  oxide  dis- 
tributes itself  between  metal  and  slag  in  proportions  tend- 
ing to  reach  an  etiuilibrium,  the  ratio  of  which  doubtless 
varies  with  the  temperature,  the  carbon  content  of  the 
metal,  and  other  conditions. 

Fortunately,  the  appearance  of  the  slag  gives  so  close 
an  indication  of  its  content  of  ferrous  oxide  that  the 
open-hearth  process  need  not  be  held  back  to  allow  a 
direct  chemical  determination  of  that  oxide  to  be  made. 
This  appearance  may  be  noted  in  a  slag  cake  about  '/}  'i 
deep  and  3  in.  in  diameter.  But  such  cakes  are  seldom 
made,  because  suflicient  information  can  be  had  from 
the  thin  layer  of  slag  which  adheres  to  the  shank  of  the 
test  ladle  used  to  secure  the  many  samples  of  metal  re- 
(|uired  for  observation  during  the  process.  The  outer 
surface  of  this  slag  is  dark  brown,  like  that  of  glazed 
drain  tiles,  probably  because  its  ferrous  oxide  content  of 
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the  slag  decreases.  To  the  la\nian.  it  suggests  rather 
an  increasing  degree  of  waxiness.  Rut  with  this  under- 
stood, we  may  speak  of  its  vitreousness. 

The  color  of  the  interior  of  the  slag  sample,  apart 
from  the  rather  constant  dark  brown  of  the  crust,  is. 
next  to  its  vitreousness,  the  best  indication  of  the  large 
progress  of  deoxidation.  A  slag  rich  in  iron  oxide,  and 
hence  overlying  a  bath  rich  in  oxygen,  is  dark  brown 
to  black.  As  the  oxygen  is  removed  from  the  metal  and 
the  ferrous  oxide  from  the  slag,  this  color  grows  con- 
tinuously paler,  to  a  yellow,  a  gray,  and  if  the  deoxida- 
tion is  complete  in  the  electric  furnace,  even  to  a  white. 

By  the  middle  of  Period  III.  when  the  carbon  content 
has  fallen  to  about  0.45  per  cent,  the  ferrous  oxide  con- 
tent of  the  slag  should  be  reduced  to  about  18  or  20  per 
cent,  and  its  color  should  be  a  clear  pale  lemon  yellow 
in  the  case  of  a  charge  initially  nearly  free  from  man- 
ganese ;  and  of  a  like  tint,  but  more  greenish,  in  the 
case  of  a  charge  containing  initially  about  1  to  IJ/4  per 
cent  of  manganese,  as  indeed  is  very  desirable.  Tlie 
manganese  oxide  adds  a  strong  greenish  cast  and  some- 
times a  dark  greenish  central  "streak"  to  the  color  which 
the  ferrous  oxide  gives  itself.  In  this  case  the  ,''s  to  3/16 
in.  thick  section  of  the  slag  sample  has  five  differently 
colored  layers,  two  dark  brown  outer  ones,  then  two  of 
the  characteristic  yellow,  then  a  central  darker  cloudy 
greenish  "streak,"  merging  into  the  yellow  ones. 

25.  Period  HI,  Cuntiiiiicd — In  the  remaining  half 
of  Period  III,  the  continuing  removal  of  the  iron  oxide 
is  recognized  by  the  change  in  the  color  of  the  slag  from 
yellow  toward  gray,  in  case  the  charge  contains  initially 
1  to  1J4  pc  cent  of  manganese.  This  color  indicates 
that  the  ferrous  oxide  of  the  slag  has  been  reduced  to 
about  15  per  cent,  and  this  in  turn  that  the  metal  is  as 
thoroughly  deoxidized  as  it  can  l)e  by  the  action  of  its 
carbon  alone.  The  color  and  the  texture  of  the  slag  re- 
ferred to  are  tvpical  only  of  the  average  practice,  and 
both  are  atl'ected  by  the  volume  of  the  slag,  which  de- 
pends, first,  on  the  content  of  silicon  and  manganese  in 
the  charge ;  second,  on  the  rapidity  with  which  the 
charge  is  melted;  and  third,  on  the  character  and  com- 
position of  the  bottom. 

During  Period  III,  a  certain  f|uantity  of  silicon  is 
reduced  from  the  slag  by  the  carbon  of  the  metal,  which 
should  now  have  a  silicon  content  of  about  0.12  per  cent. 
This  increase  in  the  silicon  content  of  the  metal,  at  least 
up  to  0.12  per  cent,  is  recognized  by  a  progressively  in- 
creasing compactness  of  the  test  ingots  of  the  metal  and 
their  freedom  from  gas  cavities.  This,  in  turn,  is  due 
rather  to  the  decrease  of  iron  oxide  in  the  metal  than 
directly  to  the  increase  of  silicon  content.  It  has  been 
reported  lately  that  the  silicon  content  of  the  metal  at 
this  point,  as  determined  by  chemical  analysis,  may  in- 
clude an  important  quantity  of  silica.  One  of  us  has 
good  evidence  that,  in  good  practice,  the  increase  of  sili- 
con content  is  not  merely  apparent  but  real,  and  any 
content  of  silica  is  negligibly  small. 

26.  Period  IV.  Deoxidising  by  Silicon — (a)  A  sam- 
ple of  metal  is  now  taken  for  the  "go  ahead"  test,  that  is. 
a  lest  ingot  for  a  combustion  determination  of  the  car- 
1  on  present  in  the  charge.  This  test  should  show  that 
the  carbon  is  now  about  0.35  per  cent,  or  very  close  to 
that  aimed  at  in  the  final  product,  so  that  we  may  safely 
go  ahead  vvith  all  preparations  for  tapping.  To  insure 
that  the  carbon  in  the  product  will  be  very  close  to  that 
found  in  the  "go  ahead"  test,  we  now  arrest  the  decar- 
burization  by  two  distinct  steps.  First,  at  the  time  of 
drawing  this,  we  make  an  addition  of  ferrosilicon,  which 


will  be  attacked  by  any  oxygen  still  present  in  preference 
to  the  remaining  carbon.  After  this  we  decrease  the 
temperature  by  lowering  the  damper  and  shutting  otT 
the  air  and  gas.  so  that  the  only  circulation  through  the 
melting  chamber  is  due  to  leakage.  \N'e  here  act  on  the 
principle  that  the  oxidation  of  the  carbon  is  favored  by 
a  high  temperature  and  opposed  by  a  low  one,  as  is  well 
known  to  be  true  in  the  Bessemer  process.  A  visible 
drop  in  temperature  is  shown  at  once  by  the  changed 
appearance  of  the  surface  of  the  slag  which,  by  the  time 
the  laboratory  reports  are  received,  will  probably  show 
a  few  dark  cool  points. 

(b)  The  ferrosilicon.  which  may  be  of  the  11  per 
cent  silicon  grade,  is  added  while  the  temperature  is  still 
St)  high  that  it  melts  almost  immediately  and  quietly, 
that  it  attacks  quickly  any  oxides  remaining,  and  that 
the  resultant  silicates  coalesce  readily,  rise  to  the  slag, 
and  leave  the  bath,  which  becomes  very  quiet,  and  prac- 
tically ceases  bubbling. 

(c)  The  cooling  must  not  go  so  far  as  to  interfere 
with  the  prompt  melting  of  the  ferromanganese  in  Period 
V,  and  its  reducing  any  residual  oxide.  The  precaution 
is  easy  to  carry  out  successfully. 

27.  Period  V ,  Adding  Fcrromaiiganese  and  Tapping 
—  (a)  At  the  end  of  about  38  min.,  Period  I\'  comes  to 
an  end,  and  by  this  time  the  ferro-silicon  should  have 
completed,  as  far  as  it  can.  the  deoxidation  of  the  metal. 
We  now  charge  the  ferromanganese.  This  addition  is 
purposely  delayed  until  the  bath  is  thoroughly  deoxi- 
dized, in  order  to  prevent  any  considerable  loss  of  man- 
ganese, primarily  in  order  that  the  small  loss  of  man- 
ganese may  testify  to  the  thoroughness  of  the  deoxida- 
tion caused  by  the  action  of  temperature  and  carbon  in 
Period  I\'.  and  secondarily  because  any  considerable 
loss  is  likely  to  be  an  indeterminate  one  and  thus  to  lead 
to  irregularities  in  the  composition  of  the  product.  Of 
this  manganese,  a  very  small  quantity  may  be  consumed 
in  still  further  reducing  the  ferrous  oxide  of  the  metal, 
but  most  of  it  remains  in  the  metal,  giving  it  the  phvsi- 
cal  qualities  called  for.  At  the  end  of  about  12  min..  the 
diffusion  of  manganese  should  be  so  complete  that  we 
may  tap  the  charge  into  a  ladle,  in  which  the  tempera- 
ture falls  still  further,  nearly  to  the  liquidus.  The  steel 
is  held  in  the  ladle  long  enough,  say  20  min.  for  60-ton 
charges  which  are  to  be  poured  into  very  large  ingots, 
to  bring  it  to  the  relatively  low  temperature  which  is 
desired  in  American  practice,  as  explained  in  Sections 
37  and  38.  We  now  teem.  This  brings  us  to  the  end 
of  Period  V,  and  therefore,  to  the  end  of  the  whole 
operation. 

28.  Indications  for  Period  V — The  reduction  of  the 
ferrous-oxide  content  of  the  slag  to  15  per  cent  or  less 
and  the  change  of  its  color  to  gray  at  tapping  time  are 
trustworthy  indications  that  the  deoxidizing  work  of  the 
process  has  been  thoroughly  done.  In  order  that  this 
may  occur  with  the  normal  rate  of  decarburization,  the 
ferrous-oxide  content  of  the  slag  should  have  fallen  at 
least  as  low  as  18  per  cent,  and  it  should  be  yellow, 
when  the  carbon  content  of  the  metal  has  fallen  to  0.45 
per  cent.  These  numbers  refer  to  normal  standard  con- 
ditions, especially  as  to  the  weight  and  composition  of 
the  slag,  and  they  may  be  changed  materially  by  any 
one  of  various  departures  from  the  normal.  For  in- 
stance, to  "run"  or  melt  the  roof  seriouslv  adds  silica  to 
the  slag,  and  by  thus  diluting  its  iron  oxide  lightens  its 
color. 

But  if  the  initial  charge  contains  about  1  to  1.25  per 
cent  of  manganese,  as  is  to  be  desired,  the  resultant  man- 
ganous  oxide  of  the  slag  affects  these  colors  decidedlv, 
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giving  them  a  greenish  tint.  Under  these  conditions,  a 
proper  degree  of  removal  of  ferrous  oxide  is  indicated 
if  the  slag  is  greenish  yellow  when  the  carbon  content 
of  the  metal  has  fallen  to  0.45  per  cent,  and  greenish 
gray  at  tapping  time.  This  greenish  yellow  slag  may 
contain  15  per  cent  or  less  of  FeO. 

29.  Loss  of  Manganese  on  Addition  of  Ferroman- 
ganesc — (a)  A  further  and  extremely  important  indi- 
cation that  the  metal  has  been  thoroughly  deoxidized  be- 
fore the  fcrromanganese  is  added  is  given  by  the  loss  of 
manganese  in  this  reaction,  which  should  not  much  ex- 
ceed 10  per  cent  of  the  added  manganese.  At  some  well- 
conducted  works,  after  adding  0.73  per  cent,  of  man- 
ganese to  a  bath  containing  0.10  per  cent,  there  is  found 
in  the  ingots  about  0.65  per  cent,  representing  a  loss  of 
0.18  per  loo  of  steel,  or  4.61  per  100  manganese. 

(b)  Such  inferences  from  the  loss  of  manganese 
can  be  trustworthy  only  when  the  conditions  in  general, 
and  in  particular  the  time  between  adding  the  fcrroman- 
ganese and  determining  the  residual  manganese,  are 
strictly  constant. 

(c)  If  a  larger  proportion  of  the  added  manganese 
is  lost,  taking  into  account  the  length  of  time  between 
adding  fcrromanganese  and  teeming,  it  is  good  evidence 
that  the  ferrous  oxide  had  not  been  thoroughly  removed 
from  the  steel.  It  is  recommended  that  this  point  be 
watched  with  great  care. 

30.  Reasons  for  Procedure  in  Deoxidizing  Bath  of 
Molten  Steel — (a)  At  the  end  of  the  oring,  Period  II, 
the  bath  of  molten  steel  is  richly  charged  with  oxygen, 
probably  in  the  form  of  ferrous  oxide  FeO.  and  the 
next  task  is  to  remove  this  oxygen  as  completely  as 
possible.  This  means  transferring  the  oxygen  from  the 
ferrous  oxide  to  one  or  another  agent,  such  as  carbon, 
silicon,  and  manganese,  each  of  which  in  its  turn  be- 
comes oxidized.  The  procedure  should  be  such  as  to 
cause  as  much  of  this  oxygen  to  be  removed  by  carbon 
and  as  little  as  possible  by  silicon  and  manganese,  be- 
cause the  oxide  of  carbon  is  gaseous  and  escapes  spon- 
taneously, whereas  those  of  silicon  and  manganese  are 
molten.  They  are  liable  to  remain  entangled  in  the 
solid  metal  in  the  form  of  inclusions,  which  weaken  and 
embrittle  it  greatly. 

(b)  In  order  that  as  much  as  possible  of  the  oxygen 
should  be  removed  by  the  carbon,  it  is  necessary  to  work 
at  as  high  a  temperature  as  possible,  because  the  power 
of  the  carbon  to  combine  with  the  oxygen  increases  with 
the  temperature.  Hence  the  temperature  of  the  metal  is 
raised  as  rapidly  and  as  high  as  is  consistent  with  safety 
to  the  roof  of  the  furnace. 

(c)  As  the  quantity  of  iron  oxide  remaining  in  the 
bath  decreases,  the  carbon  of  the  bath,  finding  itself  no 
longer  fully  occupied  in  deo.xidizing  iron  oxide,  attacks 
the  silica  of  the  slag  and  hearth,  introducing  silicon  into 
the  molten  metal.  By  the  time  that  this  action  has  raised 
the  silicon  in  the  bath  to  about  0.12  per  cent,  the  power 
of  the  carbon  to  remove  further  oxygen  has  become  so 
far  exhausted  that  the  further  deoxidation  of  the  dis- 
solved iron  oxide  by  this  carbon  has  become  so  slow 
that  it  becomes  expedient  to  use  a  stronger  deoxidizing 
agent.  Our  choice  naturally  lies  between  manganese 
and  silicon. 

(d)  In  the  acid  open  hearth  process,  to  which  this 
paper  refers,  silicon  should  be  used  here,  chiefly  because 
the  silica  which  it  forms  does  not  attack  the  hearth  of 
the  furnace  as  the  manganous  oxide  resulting  from  the 
use  of  manganese  does,  forming  manganese  silicate. 

It  is  true  that,  in  careless  hands,  the  use  of  silicon 


may  cause  the  formation  of  very  harmful  inclusions  of 
silica,  but  if  the  care  and  skill  appropriate  to  the  manu- 
facture of  cannon  steel  are  used  we  believe  that  this 
danger  can  be  avoided  fully.  Of  course  whatever  deoxi- 
dizing agent  we  use  we  must  provide  for  the  removal  of 
its  oxidized  products.  In  the  case  of  carbon,  these 
products  escape  spontaneously  because  they  are  gaseous. 
In  the  case  of  manganese,  they  escape  readily  because 
the  resultant  silicates  of  manganese  are  fusible  over  a 
wide  range  of  composition,  so  that  they  coalesce  easily 
into  masses  so  large  that  they  rise  quickly  to  the  surface 
by  gravity.  But  the  product  of  the  oxidation  of  silicon, 
silica,  is  infusible  by  itself  at  the  open  hearth  tempera- 
ture. Hence  should  any  of  it  remain  uncombined  with 
metallic  oxides  its  individual  particles  would  stay  sus- 
pended as  a  fine  emulsion  and,  persisting  in  the  finished 
product,  injure  it  greatly.  Hence  the  use  of  silicon  pre- 
supposes the  presence  of  enough  oxide  of  iron  or  man- 
ganese to  form  with  the  resultant  silica  a  fusible  and 
hence  a  coalescing  product,  which  will  remove  itself 
freely  by  gravity.  This  is  in  harmony  with  the  gen- 
eral procedure,  using  silicon  for  nearly  but  not  quite 
the  last  of  the  deoxidation,  when  the  resultant  silica 
finds  residual  o.xides  to  combine  with,  and  then  com- 
pleting the  deoxidation  with  manganese,  the  products  of 
the  oxidation  of  which  are  fusible  and  hence  self-re- 
moving. 

(e)  Moreover  the  quantity  of  silica  resulting  from 
the  removal  of  one  part  of  oxygen  from  the  molten 
metal  by  silicon  is  clearly  far  less  than  the  quantity  of 
manganese  silicate  resulting,  first,  from  the  oxidation  of 
manganese  to  manganese  oxide  by  that  oxygen,  and,  sec- 
ond, from  the  formation  of  manganese  silicate  by  the 
scouring  action  of  the  manganous  oxide  on  the  hearth.* 

That  manganese  silicate  does  form,  if  manganese  in- 
stead of  silicon  is  added  at  this  stage,  has  been  proved  di- 
rectly by  dissolving  quantities  of  the  resultant  metal  large 
enough  to  yield  enough  inclusions  for  chemical  analysis. 

(f)  A  welcome  effect  of  the  silicon  added  at  this 
stage,  when  the  oxygen  content  of  the  bath  has  become 
so  low,  is  that  it  practically  arrests  the  oxidation  of  the 
carbon,  probably  by  combining  by  preference  with  that 
oxygen.  Indeed,  we  now  have  tlie  appearance  of  com- 
plete equilibruim,  with  no  further  transfer  of  any  of 
the  elements  present  from  metal  to  slag.  This  arrest  of 
the  progressive  oxidation  of  the  carbon,  manganese,  and 
silicon  simplifies  the  conduct  of  the  process  by  assuring 
us  that  the  content  of  these  elements  found  in  the  "go 
ahead"  test  will  persist  and  occur  in  the  ingots,  prac- 
tically undiminished  in  the  case  of  carbon,  and  but 
slightly  diminished  in  that  of  manganese. 

(g)  Parenthetically,  in  operating  on  a  basic  hearth, 
whether  that  of  a  basic  open  hearth  furnace,  or  that  of 
a  basic  electric  furnace,  reasoning  the  converse  of  that 
in  Section  30  (d)  and  (e)  leads  us  to  use  manganese  in- 
stead of  silicon  for  removing  the  bulk  of  the  oxvgen  left 
at  the  end  of  Period  III,  when  the  carbon  has  done  its 
work  of  deoxidation  as  thoroughly  as  it  can.  The  re- 
moval by  silicon  of  the  oxygen  left  at  this  stage  would 
yield  silica,  which  would  attack  the  basic  hearth,  cor- 
roding it  and  therebv  vielding  inclusions  of   silicate  of 


*One  part  of  o.xvgen  would  vicld  bv  the  reaction  20  -f-  Si  ^ 
SiO.  (2x6-1-  28.4)  -^  2  X  16  =  l'.9  parts  of  silica;  whereas 
the  reaction  O  -f-  Mn  -|-  SiO^  =  MnSiOj,  it  would  yield  (55  -|- 
28.4  -j-  3  X  16)  -^  16  =  8.2  parts  of  manganese  silicate  if  of 
that  composition,  or  about  four  times  as  much.  Indeed  the  dif- 
ference in  favor  of  silicon  is  likely  to  be  still  greater,  because 
each  molecule  of  manganous  oxide  being  releasee  in  the  pres- 
ence of  an  unlimited  excess  of  the  silica  of  the  hearth,  is  likely 
to  combine  with  more  than  one  molecule  of  that  silica. 
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lime,  magnesia,  or  whatever  bases  constitute  the  heartli. 
As  before,  the  quantity  of  these  inclusions  of  silica  plus 
base,  resulting  from  the  removal  by  silicon  of  a  given 
quantity  of  oxygen  from  the  metal,  would  exceed  the 
(|uantity  of  manganous  oxide  formed  in  performing  that 
same  deoxidation  by  means  of  manganese.!  Attention 
should  be  called  to  recent  practice  where  ferrosilicon  is 
used  as  a  preliminary  addition  in  basic  steel  melting  both 
in  open  hearth  and  in  electric  furnaces  with  basic  hearths. 

(h)  Returning  to  the  study  of  the  acid  open-hearth 
process,  manganese  in  the  form  of  ferromanganese  is 
now  added  and  stirred  in,  both  to  push  stdl  further  the 
removal  of  oxygen  from  the  bath  and  to  give  the  metal 
the  intended  manganese  content. 

(i)  Looking  back  on  this  deoxidation  as  a  whole,  we 
note  first  that  carbon  is  the  most  desirable  deoxidizing 
agent,  because  its  oxides  are  gaseous  and  cannot  form 
inclusions  ;  second,  that  silicon  is  next  in  merit  in  acid 
furnaces,  because  it  leaves  less  inclusions  than  man- 
ganese ;  and  third,  manganese  is  the  last  addition  to  make 
in  such  furnaces,  because  it  is  the  strongest  and  can  re- 
move most  of  the  remaining  oxygen. 

(j)  Accordingly,  by  maintaining  a  very  high  tem- 
perature we  enable  the  carbon  to  da  as  nuich  as  possible 
the  work  of  deoxidizing.  We  then  use  silicon  to  do  as 
nuich  of  the  remaining  deoxidation  as  it  will ;  and  only 
then  do  we  add  manganese  to  complete  the  little  deoxida- 
tion still  to  be  done,  and  to  give  the  product  the  needed 
manganese  content. 

(k)  It  is  interesting  that  the  manganese  silicate 
formed  on  adding  ferromanganese  to  imperfectly  deoxi- 
dized steel  is  more  abundant  in  the  deeper  seated  parts 
of  the  ingot,  especially  of  large  ones,  than  in  the  crust, 
probably  because  of  the  fusibility  of  the  manganese  sili- 
cate itself.  In  short,  this  silicate  migrates  like  the  segre- 
gating elements,  carbon,  phosphorus,  and  sulphur.  In 
such  steel,  an  excessive  quantity  of  this  silicate  forms, 
because  the  abnormal  quantity  of  oxygen  present  in  the 
bath  oxidizes  a  correspondingly  great  quantity  of  man- 
ganese to  manganese  oxide,  which  in  turn  dissolves  from 
the  hearth  a  correspondingly  great  quantity  of  silica. 

This  concentration  of  the  manganese  silicate  in  the 
deep-seated,  and  therefore  last  solidifying,  parts  may  be 
referred  jointly  to  segregation  proper,  and  to  the  greater 
length  of  time  available  there  for  the  coalescence  of  the 
manganese  silicate,  under  the  churning  action  of  the  con- 
vection currents  in  this  imperfectly  deoxidized,  and  hence 
wild,  steel,  into  particles  large  enough  for  detection. 
This  coalescence,  though  it  would  not  affect  the  quantity 
of  the  manganese  silicate  found  by  chemical  analysis, 
would  increase  that  detected  by  the  microscope. 

31.  The  use  of  aluminum,  titanium,  vanadium,  and 
like  deoxidizers  for  the  specific  purpose  of  removing  the 
last  of  the  oxygen  from  the  bath,  as  distinguished  from 
their  legitimate  and  growing  use  for  introducing  some 
of  these  elements  as  essential  constituents  of  an  allov 
steel,  should  be  discouraged.  It  affords  so  easy  a  way 
of  covering  up  imperfect  deoxidation  in  the  normal  way, 
chiefly  by  carbon,  then  by  silicon,  and  last  by  manganese. 


tOne  part  of  oxygen  removed  by  the  reaction  O  -|-  Mn  = 
MnO  would  yield  (SS  -\-  16)  ^  16  ^  4.4  parts  of  manganese 
oxide,  whereas  if  removed  by  the  reaction  20  -|-  Si  4"  3CaO  = 
Ca,SiO.  it  would  yield  (3  X  40.1  -|-  28.4  -f-  S  X  16)  ^  2  X  16 
=  7  parts  of  lime  silicate  if  of  that  composition. 

The  numbers  of  course  have  no  claim  to  precision.  They  are 
based  on  the  assumption  that  tricalcic  silicate  results,  with  nearly 
three  parts  of  lime  to  one  of  silica,  which  agrees  with  H.  H. 
Campbell's  analysis  of  basic  open  hearth  slag.  ("Manufacture 
and  Properties  of  Iron  and  Steel,"  205.     1907.) 


as  to  form  a  constant  temptation  to  slovenly  working, 
and  especially  to  slighting  the  thorough  deoxidation  by 
carbon  at  a  prolonged  high  tempei"ature.  The  oxide 
products  of  deoxidation  by  these  elements  are  not  gas- 
eous, and  hence  tend  to  form  inclusions.  We  do  not 
discuss  the  manufacture  of  alloy  steels  other  than  nickel 
steel. 

32.  Continental  Low  Fig  Process — Instead  of  using 
about  40  per  cent  of  pig  iron,  as  in  the  American  prac- 
tice just  described  in  Sections  7  to  20,  and  thus  having 
in  the  bath  when  first  melted  far  more  carbon  than  is 
needed  in  the  product,  then  removing  this  excess  of  car- 
bon with  ore,  and  then  removing  the  oxygen  introduced 
by  this  ore,  the  typical  French  and  Italian  practice  is  to 
use  much  less  pig  iron,  sometimes  so  little  that  the 
charge  when  first  melted  has  only  about  0.10  to  0.20  per 
cent  more  carbon  than  is  needed  in  the  product.  In  this 
practice,  the  use  of  ore  is  avoided  altogether,  because 
the  slight  excess  of  carbon  present  will  be  removed  spon- 
taneously in  bringing  the  charge  to  tapping  temperature, 
by  the  action  of  the  furnace  atmosphere  and  of  the  iron 
oxide  which  is  taken  up  during  melting,  and  distributes 
itself  between  metal  and  slag  in  proportions  approaching 
equilibrium.  Thus  here,  quite  as  in  .American  practice, 
metal  and  slag  contain  iron  oxide  which  has  to  be  re- 
moved. Part  of  this  removal  is  done  by  such  excess  of 
carbon  as  there  is,  but  if  this  excess  is  very  small,  it  has 
to  be  helped  out  by  adding  pig  iron  in  some  works,  coke 
in  others,  and  both  in  still  others. 

The  pig  iron  is  added  when  the  carbon  has  fallen  to 
about  that  sought  in  the  product,  and  the  work  of  deoxi- 
dation then  proceeds  by  means  of  the  carbon  and  silicon 
thus  introduced.  In  some  works,  a  second  and  even  a 
third  lot  of  pig  iron  is  added  when  the  carbon  content 
again  falls  to  the  point  sought. 

Coke,  when  added,  rests  on  the  slag,  and  deoxidizes 
it  directly.  In  some  works,  the  slag  is  given  a  predeter- 
mined composition  favoring  its  deoxidation,  and  through 
this  the  deoxidation  of  the  metal,  by  additions  of  lime 
and  limestone,  clay,  sand,  and  fluorspar  to  give  fluidity. 

These  steps  should  enable  us  to  make  use  of  coke  as 
an  additional  and  very  energetic  remover  of  iron  oxide. 
For  instance,  in  some  French  works,  the  coke  treatment 
is  continued  not  only  until  the  slag  is  green,  but  until 
the  iron  oxide  has  been  so  far  removed  from  the  metal 
that  it  hardly  reacts  at  all  on  the  carbon,  and  hence  the 
bath  is  completely  quiet.  Even  after  this,  the  charge  is 
held  for  1  hr.  at  a  very  high  temperature  to  allow  the 
inclusions  to  rise,  and  the  removal  of  the  iron  oxide  to 
progress  still  further. 

ii.  Advantages  and  Disadvantages  of  Oring — (a) 
Now  that  we  have  examined  at  length,  Sections  7  to  20, 
the  standard  American  high  pig  or  oring  practice,  and 
have  glanced.  Section  32,  at  the  Continental  low  pig  or 
oreless  practice,  let  us  here  bring  together  on  one  hand 
the  advantages  of  oring,  that  it  enables  us  to  use  a  large 
proportion  of  the  sometimes  cheaper  source  of  iron,  pig 
iron  ;  that  it  facilitates  the  process,  by  means  of  the  boil 
which  it  induces ;  and  that  it  increases  the  yield  ;  and  on 
the  other  hand  its  advantages  of  introducing  into  the 
molten  bath  iron  oxide  which  must  needs  be  thoroughly 
removed.  Here,  too,  we  should  look  at  the  advantage  of 
high  pig  practice,  that  in  it  the  slag  color  is  a  more 
trustworthy  indication  of  the  condition  of  the  metal ;  and 
at  its  disadvantages,  that  in  it  there  is  a  thicker  blanket 
of  slag  interposed  between  what  might  be  called  the  two 
working  surfaces,  that  of  the  metal  and  that  of  the  slag 
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itself,   and    that    it    works   more     slowly     than     low     pig 
practice. 

(h)  It  is  self-evident  both  lliai  oring  enables  us  to 
increase  the  ratio  of  pig  to  scrap  and  thai  this,  in  and  b\ 
itself,  is  desirable  if  pig  iron  is  cheaper  than  scrap.  In 
arriving  at  their  true  relative  cost,  we  may  be  influenced 
by  the  existence  or  lack  of  a  supply  of  molten  pig  to 
pour  into  the  open  hearth,  by  the  slower  working  in  high 
pig  practice,  and  by  like  considerations.  In  American 
open  hearth  works  it  is  rare  that  pig  is  enough  cheaper 
than  scrap  to  make  it  truly  economical  to  use  appreciably 
more  than  the  40:60  ratio,  which  we  have  advised  for 
steel  of  this  carbon  content. 

(c)  A  second  merit  of  oring,  and  the  high  pig  prac- 
tice in  which  it  is  used,  is  that  the  oxygen  of  the  ore,  in 
oxidizing  the  excess  of  carbon  of  the  charge,  keeps  the 
charge  iii  rapid  ebullition,  and  thus  simplifies  the  melter's 
difficult  task  of  keeping  his  roof  within  the  narrow  range 
of  temperature  between  that  needed  to  heat  the  charge 
hot  enough  through  and  through,  and  the  only  slightly 
higher  temperature  which  would  destroy  the  roof. 

The  boiling  carries  down  into  the  metal  and  through 
it  the  heat  reflected  upon  the  tipper  surface  of  the  slag 
from  the  flame  and  the  roof,  thus  both  heating  the  metal 
and  cooling  the  roof.  If  the  bath  is  still,  this  heat  is  in 
large  part  reflected  back   from  the  slag  to  the  roof. 

Because  the  difficulty  of  this  transfer  of  heat  from 
roof  and  flame  to  metal  increases  with  the  thickness  of 
the  slag  layer,  the  boil  is  especially  needed  when  there 
is  nuich  slag:  that  is,  in  high  pig  practice,  in  which  the 
silica  from  the  ore  and  from  the  oxidation  of  the  silicon 
of  the  pig  implies  a  correspondingly  great  quantity  of 
slag.  This  consideration  cautions  us  not  to  claim  undue 
weight  for  the  boil  as  an  advantage  of  the  high  pig 
oring  practice,  remembering  the  obvious  reply  that  it  is 
this  practice  itself  that  gives  the  boil  its  importance, 
both  for  transferring  the  heat  into  the  metal  and  for 
making  the  metal  effectively  accessible  to  chemical  treat- 
ment applied  to  the  upper  surface  of  the  slag. 

(d)  The  oxygen  of  the  ore,  in  oxidizing  the  carbon 
and  silicon  of  the  pig  iron,  leaves  the  iron  with  which  it 
is  initially  united,  by  such  reactions  as  Fe;,0,  -^-  4C  = 
3Fe  -f  4V0.  Part  of  the  iron  so  left  adds  itself  to  the 
molten  bath  and  so  increases  the  yield  of  iron.  In  mak- 
ing fine  steel,  this  saving  is  rarely  of  great  moment  in 
comparison  with  the  feature  of  the  practice  which  in- 
fluence the  quality. 

(e)  Turning  from  the  merits  to  the  disadvantages  of 
the  high  pig  or  oring  practice,  the  thicker  blanket  of  slag 
which  it  implies,  as  shown  in  bath,  so  essential  to  high 
([ualitv ;  for  the  oxygen  strives  ever  to  distribute  itself 
between  metal  and  slag  in  a  ratio,  fixed  for  given  condi- 
tions even  though  varying  with  the  conditions,  so  that 
the  metal  can  be  deoxidized  only  as  the  slag  is. 

Moreover,  this  equilibrium  ratio  is  not  between  the 
total  quantity  of  oxygen  in  metal  and  slag,  respectively, 
but  between  the  percentage  of  oxygen  in  each,  so  that 
the  percentage  to  which  the  iron  oxide  of  the  slag  must 
be  lowered  in  order  to  bring  about  a  given  thoroughness 
of  deoxidation  of  the  metal  is  independent  of  the  quan- 
tity of  slag.  Hence,  the  more  slag  there  is  the  greater 
is  the  work  of  deoxidizing  it  thoroughly  enough  to  in- 
duce a  given  thoroughness  of  deoxidation  of  tlie  metal. 
It  may  be  that  the  thoroughness  regularly  attainable  is 
inversely  as  the  quantity  of  the  slag,  a  small  t|uantity 
being  susceptible  of  more  thorough  deoxidation  than  a 
large  one. 

(i)    The  objection  which   is   urged   strongly   against 


oring.  that  which  seems  to  have  led  to  its  exclusion 
from  the  standard  French  and  Italian  practice,  is  that, 
by  introducing  oxygen  into  the  molten  metal,  it  increases 
the  diflicnhy  of  thorough  deoxidation,  and  indeed  lessens 
the  practical)le  thoroughness  of  deoxidation  of  the  metal. 
These  two  objections  (e)  and  (f)  may  well  be  taken 
together,  as  two  aspects  of  a  single  objection.  Their 
validity  is  not  self-evident.  To  deoxidize  a  greater  quan- 
tity of  slag  as  thoroughly  as  a  smaller  one  should  indeed 
take  longer,  but  it  does  not  follow  that  the  practicably 
attainable  thoroughness  of  deoxidation  is  less  with  the 
larger  quantity.  Again,  in  purification  of  any  kind, 
whether  by  washing  or  deoxidation,  it  is  the  last  stage, 
the  final  degree  of  thoroughness,  that  calls  for  the  tech- 
nical skill.  The  greater  the  needed  thoroughness  of  de- 
oxidation. the  stronger  must  be  the  deoxidizing  con- 
ditions. 

But  while  the  validity  of  these  objections  is  not  self- 
evident,  neither  is  their  invalidity.  Rather  than  belittle 
or  ignore  them  we  should  diligently  seek  evidence  as  to 
their  true  weight.  Such  evidence  should  be  found  in  the 
iron-oxide  content  of  the  slag,  and  the  physical  proper- 
ties of  the  steel,  in  oring  and  in  oreless  practice  respec- 
tively, though  in  this  comparison  it  is  hard  to  make 
the  oring  the  sole  variable. 

The  thorough  purification  of  the  metal  from  oxygen, 
both  that  formed  in  melting  and  any  introduced  as  ore, 
needs  indeed  our  most  careful  attention,  as  is  shown 
by  the  length  at  which  we  describe  it  in  Sections  23  to  30. 

34.  Appearance  of  Slag  in  Oring  and  Oreless  Prac- 
tice— American  metallurgists  have  found  a  serious  ob- 
jection to  low  pig  practice  in  the  diminished  trustworthi- 
ness of  the  appearance  of  the  slag  as  a  gtiide  to  the  thor- 
ottghness  of  the  deoxidation  of  the  metal.  The  reason 
for  this  is  evident.  In  the  American  practice,  it  is  the 
metal  itself  that,  through  its  carbon  and  silicon,  initiates 
the  removal  of  ferrous  oxide.  These  deoxidize  the  fer- 
rous oxide  in  the  metal  and  thereby  induce  a  correspond- 
ing removal  of  ferrous  oxide  from  slag  to  metal,  fol- 
lowing the  principle  that  this  oxide  always  tends  to  dis- 
tribute itself  between  slag  and  metal  in  an  attempt  to 
approach  equilibrium.  Hence  the  removal  of  iron  oxide 
from  the  metal  here  precedes  its  removal  from  the  slag, 
and  hence  a  certain  degree  of  removal  of  this  oxide  from 
the  slag,  as  indicated  by  its  color,  is  trustworthy  evidence 
that  the  corresponding  removal  from  the  metal  has  al- 
ready taken  place. 

But  when  we  proceed  by  adding  coke,  or  other  form 
of  carbon  to  the  slag,  it  is  in  the  slag  that  the  removal 
of  iron  oxide  is  initiated.  (3nly  after  the  coke  has  begim 
removing  this  oxide  from  the  slag  does  the  iron  oxide 
in  the  metal  rise  into  the  slag  to  replace,  in  part,  that 
which  the  slag  has  just  lost,  in  the  attempt  to  approach 
an  equilibrium  distribution  of  the  oxide  between  slag 
and  metal.  Here,  then,  the  removal  of  iron  oxide  from 
the  slag  precedes  that  from  the  metal  and  may  precede 
it  materially.  Thus  a  given  thoroughness  of  removal  of 
iron  oxide  of  the  slag  is  not  such  good  evidence  that  the 
corresponding  removal  from  the  metal  '  has  already 
occurred. 

A  natural  answer  may  be  that  a  suitable  time  allow- 
ance should  be  made  for  this  lagging  of  the  metal  behind 
the  slag  in  its  loss  of  iron  oxide,  and  that  a  fuller  re- 
moval of  this  oxide  from  the  slag  should  be  required 
when,  in  coke  practice,  the  removal  is  initiated  in  the 
slag  than  in  the  American  practice  in  which  it  is  initiated 
in  the  metal. 

To  be  accurate,  even  in  coke  practice,  while  the  coke 
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is  initiating  this  removal  in  the  slag,  the  carhon  of  the 
metal  is  also  carrying  it  on  there. 

35.  Stoinimry  of  AdiuDitagcs  and  Disadfantagcs — 
We  aim  rather  to  expose  than  impose  practice.  Now  that 
we  have  seen  the  advantages  and  disadvantages  of  these 
two  practices,  the  oring  and  the  oreless,  we  may  well  re- 
member that  excellent  as  the  results  of  our  American 
fine-steel  practice  are.  it  has  evolved  under  the  American 
high  pig  traditions,  and  that  there  has  been  no  fair  chance 
to  compare  exhaustively  and  conclusively  the  features  in 
which  those  two  practices  differ  This  is  as  true  of  the 
temperature  differences  as  of  those  of  oring.  Such  a 
comparison  should  be  to  the  interest  of  all  concerned,  the 
public  included.  Each  operator  will  reach  the  best  re- 
sults with  the  practice  to  which  he  is  accustomed,  but 
this  does  not  indicate  that  he  might  not  get  still  better 
results  with  some  modification  of  his  practice,  once  he 
is  well  accustomed  to  it. 

The  following  numbers  may  serve  as  a  nucleus  for 
the  data  needed  for  such  a  comparison  as  we  have  just 
referred  to.  The  physical  properties  called  for  in  the 
first  line  are  those  required  by  the  specifications  of  the 
United  States  Government  for  gun  steel,  whereas,  if  we 
are  advised  correctly,  those  of  the  second  line  are  speci- 
fied by  some  foreign  governments. 

American  and  One  Foreign  Specification  for  Cannon  Steel 

Ten.sile         F,la.stic  limit,  F.longation  Cantraction 


American 
Foreign   . 


strength,  lb. 
per  sq.  in. 

.  .    95,000 
. .   92,000 


lb.  per  sq. 


in  2  in..        of  area. 


in.  per  cent       per  cent 

65,000  1.^  30 

57,000  14  not  specified 

We  further  understand  that  where  an  elastic  limit  as 
low  as  52,800  lbs.  to  the  square  inch  is  accepted,  pro- 
vided the  contraction  of  area  is  at  least  26/4  per  cent, 
the  foreign  practice  also  makes  use  of  the  impact  test, 
but  we  believe  that  the  test  prescribed  would  not  in  fact 
reject  any  metal  which  passes  the  American  specifica- 
tions. Recently  wide  experimentation  has  been  made  in 
impact  tests  in  addition  to  the  foregoing,  and  much 
new  light  has  been  obtained. 

Teeming,  Molds,  Etc. 

36.  The  Ladle — A  good  deal  of  metal  rich  in  inclu- 
sions is  likely  to  accumulate  on  the  very  bottom  of  the 
ladle  and  particularly  about  the  stopper,  because  thj 
relatively  cool  ladle  bottom  cools  the  steel  first  tapped 
upon  it,  and  thus  thickens  it,  and  impedes  the  rising  of 
the  inclusions  which  it  contains.  Therefore,  the  first 
300  or  400  lbs.  of  steel  which  run  through  on  raising 
the   stopper   should   be   poured    into    an    old    mold     set 


MEETING  OF  STEEL  MANUFACTURERS. 

Ilie  'annual  meeting  of  The  .\ss(]ciatiiin  of  .\nier- 
ican  Steel  Manufacturers  was  held  at  the  \\  illiam  Penn 
Hotel,  Pittsburgh,  Pa.,  February  17.  This  Association, 
which  now  comprises  thirty-nine  of  the  largest  steel 
and  iron  manufacturing  companies  atid  corporations. 
was  organized  in  1895.  It  is  not  a  trade  or  commercial 
organization  but  has  devoted  its  activities  to  the  dis- 
cussion of  technical  questions  in  connection  with  roll- 
ing mill  practices  and  with  sjiecifications  for  and  in- 
spection of  steel  and  wrought  iron  products;  and  the 
cooperation  with  other  associations  and  societies  on 
such  subjects,  with  a  view  to  the  adoption  of  standards 
of  mutual  benefit  to  the  consumer  and  producer. 

Mr.  Charles  L.  Tavlor.  widely  known  in  the  steel 
trade,  whose  death  occurred  February  3,  acted  as  sec- 
retar)-  at  the  organization  meeting  of  the  .Association 


antl  for  a  number  of  years  took  a  keen  interest  in  its 
affairs.  ^Ir.  W.  A.  Bostwick,  who  at  his  death  Febru- 
ary 4  was  president  of  the  International  Nickel  Com- 
I)anv,  was  president  of  the  Association  from  1907  to 
1911. 

It  is  a  coincidence  that  representatixes  of  Jones  & 
Laughlin  Steel  Company  and  Central  Iron  &  Steel 
Company  were  president  and  vice  president  of  the 
-Association  the  first  two  years  of  its  existence  and 
during  the  past  two  years.  Mr.  Willis  L.  King  of 
Jones  &  Laughlin  Steel  Company,  and  Mr.  G.  M.  Mc- 
Cauley  of  Central  Iron  &  Steel  Comnany,  were  the 
first  president,  respectively.  During  the  past  two  years 
Mr.  Robert  H.  Irons,  President  of  Central  Iron  &  Steel 
C(mipany,  and  Mr.  Jesse  J.  Shuman,  Inspecting  Engi- 
neer of  Jones  &  Laughlin  Steel  Company,  have  been 
president  and  vice  president,  respectively,  of  the  Asso- 
ciation. 

The  following  officers  were  elected  at  the  annual 
meeting:  President,  Jesse  J.  Shuman,  Inspecting 
Engineer,  Jones  &  Laughlin  Steel  Company;  Vice 
President,  E.  F.  Kenney,  Metallurgical  Engineer,  Mid- 
vale  Steel  &  Ordnance  Company ;  Secretary-Treasurer, 
J.  O.  Leech.  Manager  Bureau  of  Inspection  and  Tests, 
Carnegie  Steel  Company. 

Mr.  Irons  was  presentetl  with  a  silver  after-dinner 
coffee  service  in  appreciation  of  his  services  for  the 
past  two  years. 


MEETING  OF  ELECTRIC  STEEL  FOUNDERS' 
RESEARCH   GROUP. 

()ftice;s  and  operating  representatives  of  the  Elec- 
tric Steel  Founders'  Research  Group  held  their  last 
:  egular  meeting  in  Milwaukee  on  February  6.  7  and  8. 
This  Group  was  formed  about  two  years  ago  for  the 
systematic  prosecution  of  cooperative  technical  work 
which  Could  be  directly  applied  in  improving  the  manu- 
facture of  steel  castings. 

The  idea  back  of  this  cooperation  originated  from 
the  realization  that  the  technical  experts  who  are 
usually  found  directing  the  operating  departments  of 
steel  foundries  are  prevented  by  immediate  attention 
required  for  the  disposition  of  routine  rnatters,  from 
concentrating  on  the  investigations  which  could  be 
prosecuted  more  effectively  if  they  would  engage  the 
exclusive  attention  of  one  individual  and  if  he  would 
coordinate  the  technical  activities  of  a  few  plants  whose 
processes  and  products  place  the  companies  in  the  same 
class. 

The  members  of  the  Group  are  the  Electric  Steel 
Co.,  Chicago,  the  Ft.  Pitt  Steel  Casting  Co.,  McKees- 
port,  F*a. ;  the  Lebanon  Steel  Foundr}-,  Lebanon,  Pa. ; 
the  Michigan  Steel  Casting  Co.,  Detroit,  and  the  Sivyer 
Steel  Casting  Co..  Milwaukee.  The  Group's  head- 
ciuarters  arc  at  639  Diversey  Parkway,  Chicago,  where 
Major  R.  .\.  Bull,  Research  Director  of  the  organiza- 
tion, maintains  his  office. 

.\t  the  Milwaukee  meeting  reports  were  made  bv 
the  operating  heads  of  plants  on  comprehensive  inves- 
tigations into  im])ortant  foundry  problems  that  had 
l)een  delegated  liy  the  Group  to  the  several  companies. 
It  is  stated  that  much  progress  is  being  made  through 
these  Grou]o  investigations  and  that  prospects  for  fu- 
ture accomplishments  are  most  encouraging.  The 
Group  researches  which  were  reported  in  detail  at  the 
Milwaukee  meeting  included  those  on  the  subjects  of 
annealing,  core  j^ractice.  facing  sands,  furnace  ])ractice 
and  pouring  practice. 
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Arrangement  of  Open  Hearths  in  Germany 

The  Steel-Makers  of  Germany  Have  Not  Adopted  Water  Cooled 
Parts,  But  Use  Detachable  Posts — Arrangement  of  Gas  and  Air 
Chambers  Is  of  Special  Interest. 

By  HUBERT   HERMANNS 


Bl'".KOl\li  the  war,  the  de\'elo])iiieiit  of  the  Siemens- 
Martin  process  was  based  on  sound  principles, 
'litis  was  partly  due  to  the  demand  tor  material 
with  better  mechanical  and  chemical  properties  than  can 
be  obtained  by  the  Thomas  process  and  partly  to  the  de- 
mand for  cast  steel.  On  the  other  hand,  the  production 
of  open  hearth  steel  was  limited  to  a  certain  extent  by 
the  cost,  which  was  higher  than  that  for  Thomas  iron. 
As  long  as  the  furnaces  were  charged  with  liquid  ma- 
terial, the  cost  of  production  was  about  the  same  for 
both  processes,  and  was  not  influenced  materially  by 
market  conditions.  But  these  conditions  were  different 
for  open  hearth  operations,  when  pig  iron  and  scrap  had 


Fig.  1. 

to  be  bought  outside  The  dilTerence  in  price  for  these 
materials,  varying  considerably  according  to  market  con- 
ditions, had  a  large  influence  upon  the  cost  of  produc- 
tion in  these  cases  and  caused  the  operators  to  watch 
carefully  operation  and  production. 

It  is  only  natural  that  the,  so  to  say,  one  sided  re- 
quirements of  the  war  caused  a  certain  dislocation  of 
the  available  raw  materials  and  also  a  change  in  the 
quantity  and  quality  of  the  finished  open  hearth  Thomas 
products ;  the  production  of  Thomas  wrought  iron  had 
to  be  curtailed  in  the  interest  of  the  open  hearth  steel, 
because  the  operating  forces  and  the  raw  materials  had 
to  be  used  as  much  as  possible  for  the  production  of 
quality  war  material. 

The  Thomas  process,  prevailing  in  Germany,  was 
based  partly  on  the  large  Minette  ore  deposits  in  Lothrin- 
gen  and  Luxemburg,  and  partly  on  the  imported  ores 
with  a  high  percentage  of  phosphores  or  on  the  pig  iron, 
made  from  such  ore.  The  basic  open  hearth  process  is 
based  chemically  on  the  same  kind  of  ore,  but  its  opera- 
tion is  entirely  difTerent  as  far  as  working  conditions  are 


concerned.  Leaving  aside  the  consideration  in  regard  to 
coal  consumption,  such  as  is  necessary  for  the  converters 
for  driving  the  blowing  engines  and  other  auxiliaries  and 
for  the  gas  producers,  the  open  hearth  furnace  has  the 
advantage  that  the  otherwise  valueless  scrap  can  be  used. 
thus  enabling  the  operator  to  work  his  furnace  as  eco- 
nomically as  possible. 

.\  decrease  in  the  cost  of  production,  however,  can 
only  be  obtained  by  a  highly  developed  design  of  the 
layout  of  the  furnace  and  a  most  favorably  developed 
use  of  the  raw  material.  LInder  highly  developed  design 
of  the  layout  of  the  furnace  is  understood  not  only  the 
layout  of  the  furnace  proper,  but  also  the  best  possible 
arrangement  of  the  cranes,  and  all  other  auxiliaries 
which  are  necessary  for  an  efficient  working  of  the  fur- 
nace and  which  are  used  to  eliminate  the  hunian  element 
as  much  as  possible. 

Experience  has  taught  a  general  principle  in  regard 
to  the  layout  of  open  hearth  plants,  deviations  from 
which  should  only  be  made  when  local  conditions  de- 
mand them.  Certain  rules  have  been  laid  down  and  have 
been  found  satisfactory  and  which  should  be  adhered  to 
whenever  possible.  This  holds  good  mainly  for  the  re- 
generating chambers. 

It  was  a  greatly  discussed  question  how  these  cham- 
bers could  best  be  located  to  suit  conditions.  At  present 
this  question  has  been  solved  in  such  a  respect  that  the 
chambers  are  arranged  outside  of  the  furnace  proper. 
However,  this  arrangement  requires  more  space  and  a 
higher  first  cost.  The  advantages  obtained  with  such 
an  arrangement  are,  first,  more  space  on  the  charging 
and  operating  floor  and.  second,  the  impossibility  of  the 
slag  entering  the  checker  chambers  and  thus  clogging 
them  up.  Slag  pockets  can  easily  be  arranged,  which  col- 
lect the  slag  before  it  enters  them. 

The  general  description  of  a  modern  open  hearth 
furnace  is  as  follows :  In  order  to  strengthen  the  walls 
they  are  built  outside  in  a  curved  form,  through  which 
arrangement  sharp  edges  and  corners  are  avoided.  The 
stays  and  anchors  of  the  chambers  should  be  designed 
as  simply  as  possible  and  the  brickwork  should  be  easily 
accessible.  It  is  for  this  reason  not  a  good  policy  to 
cover  the  outside  of  the  chambers  with  a  steel  cover, 
although  this  is  of  advantage  in  so  far  as  it  protects  the 
brickwork.  The  big  disadvantage,  however,  connected 
with  it  is  due  to  the  fact  that  it  is  practicallv  impossible 
to  make  repairs  on  the  brickwork  without  tearing  a  part 
of  the  whole  jacket  down. 

Tlie  arrangement  of  the  charging  and  discharging 
machinery  is  the  same  as  in  general  use  in  America. 
This  arrangement  has  the  advantage  of  keeping  the  floors 
clear  of  obstructions  and  allows  the  charging  crane  to 
pick  up  the  charging  troughs  not  only  on  the  long  side 
of  the  building,  but  also  on  the  short  sides.  With  such 
an  arrangement  it  is  well  to  have  the  ladle  crane  inde- 
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pendent  of  the  other  travehng  cranes  in  order  not  to  in- 
terfere with  the  working  of  the  crane.  All  other  travel- 
ing cranes  should  be  located  above   the  ladle  crane. 

Fig.  1  shows  a  layout  of  an  open  hearth  plant  whicii 
has  been  designed  with  the  intention  of  reducing  operat- 
ing costs  to  a  minimum.  The  plant  comprises  five  tilt- 
ing furnaces,  each  38  ft.  4  in.  long  and  14  ft.  2  in.  wide, 
with  a  capacity  of  50  tons  each. 

It  is  true  tilting  furnaces  require  higher  first  cost, 
but  they  permit  a  larger  tonnage  and  are  for  this  reason 
used  more  extensively  from  year  to  year.  The  main 
advantage  of  a  tilting  furnace  will  become  apparent  when 
charging  liquid  material,  because  the  same  spout  is  used 


count  of  the  large  amount  of  cooling  water  required. 
Here  detachable  posts  are  used,  which  have  been  found 
to  work  satisfactorily  and  efficiently.  They  allow  a  quick 
change  and  replacement  of  the  burned  out  parts,  thus 
saving  considerable  time  in  shutting  down  the  furnace. 
With  this  arrangement  it  is  not  necessary  to  cool  the 
whole  furnace,  but  only  the  gas  duct.  It  also  allows  for 
the  building  up  of  spare  ducts,  which  when  necessary 
can  be  installed  on  short  notice  in  place  of  the  old  ones. 
A  furnace  with  detachable  posts  is  shown  in  Fig.  2. 
The  detachable  parts  of  the  uptakes  and  posts  are  en- 
tirely independent  from  the  rest  of  the  furnace  masonry. 
These  parts  rest  on  the  one  side  on  the  brickwork  above 
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for  charging  and  for  casting.  This  simplifies  materially 
the  construction  of  the  furnace  and  reduces  the  operating 
force. 

The  arrangement  of  the  charging  and  other  traveling 
cranes  is  made  in  such  a  way  that  there  is  no  machinery 
required  on  the  hall  floor  in  the  front  or  the  back  of  the 
furnaces.  The  scrap  is  taken  from  the  railroad  cars  by 
means  of  magnetic  cranes  either  to  a  storage  place  or 
directly  to  the  charging  molds.  These  charging  molds 
are  taken  up  by  the  charging  cranes,  swung  around  and 
emptied  into  the  furnace.  In  this  way  all  manual  labor, 
as  far  as  hauling  the  scrap  proper  is  concerned,  is  elimi- 
nated. For  the  operation  of  the  cranes  four  operators 
are  required. 

The  liquid  steel  is  taken  by  means  of  two  ladle  cranes 
and  cast  in  four  casting  pits.  The  tilting  of  the  ladle  is 
done  by  means  of  a  second  traveler,  which  runs  on  the 
lower  truss  of  the  ladle  crane.  Another  additional  crane 
is  located  above  the  ladle  crane  and  is  operating  on  a 
higher  track. 

In  the  following  a  few  details  of  modern  open  hearth 
furnaces  may  be  shown.  In  the  United  States,  water 
cooled  parts  are  largely  used  in  order  to  prevent  the 
burning  out  of  those  parts  of  the  furnace.  This  ar- 
rangement has  not  met  with  favor  in  Germany  on  ac- 
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the  slag  pockets,  on  the  other  side  they  rest  against  the 
head  of  the  furnace.  The  joint  between  head  and  ports 
is  filled  with  fire  clay  and  thus  made  tight  in  a  very 
simple  manner.  The  whole  brickwork  is  held  together 
with  an  iron  frame  with  hooks  which  allow  the  ports 
t(i  be  hauled  easily  with  a  crane.  This  arrangement  fur- 
thermore allows  a  better  access  to  the  air  uptakes  and 
does  away  with  unnecessary  brickwork  around  those 
places. 

The  arrangement  of  the  gas  and  air  chambers  is  of 
special  interest.  In  most  cases  gas  and  air  chambers  are 
combined  either  directly  under  the  furnace  or  outside 
of  it.  With  the  arrangement,  shown  in  Fig.  2,  only  the 
gas  chambers  are  located  outside  the  furnace,  whereas 
the  air  chambers  are  below  it.  'This  makes  both  kinds 
of  chambers  easier  accessible.  The  slag  pockets  can  be 
located  behind  the  gas  chambers  below  the  furnace.  This 
layout  is  especially  advantageous  in  cases  where  for  lack 
of  space  it  is  impossible  to  locate  both  chambers  outside 
the  furnace.  The  valves  and  the  operating  mechanism 
can  be  put  between  the  two  gas  chambers  in  a  way  simi- 
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Inr  to  the  uscil  wlicn  Imlli  cli.'iinlicr^  arc  nnlsidc.  An- 
other advanlagc  is  the  smaller  cost  for  the  jjas  ducts.  All 
this  shows  that  the  arrangement,  Fig.  3,  deserves  the  at- 
tention of  the  liirnace  designer,  hecause  it  may.  under 
certain  circumstances,  reduce  lirst  cost  and  operating 
cost,  thus  guaranteeing  most  satisfactory  operating  con- 
ditions. 

As  long  as  the  furnaces  are  of  the  ordinary  square 
shape,  it  is  very  difficult  to  exchange  the  detachahle  posts 
on  account  of  the  anchorage  of  the  furnace.  This  dif- 
ticnlt)-  is  avoided  when  the  furnace  heads  are  huill 
round,  using  for  anchorage  a  sheet  steel  cover,  which  can 
easily  he  attached.  This  arrangement  has,  hesides  the 
possihility  of  changing  the  ports,  a  number  of  other  ad- 
vantages. 'J"he  walls  of  the  upper  part  of  the  furnace 
can  be  built  of  uniform  thickness,  thus  avoiding  on  the 
one  hand  protruding  edges  in  the  inside  of  the  furnace, 
which  are  easily  molten  away,  and  on  the  other  hand  too 
thicU  walls,  which  means  a  waste  of  refractory  material. 
At  the  same  time  the  arrangement  allows  an  easy  cooling 
of  the  furnace  heads  by  the  surrounding  ;iir,  which  iini- 
longs  the  life  of  the  fm-nace. 

Fig.  ?i  illustrates  a  furnace  with  round  head  The 
gas  uptake  is  made  detachable  in  the  regular  way  in  the 
center  line  of  the  furnace,  whereas  the  two  air  u])takes 
come  in  from  the  side  and  are  also  made  detachable.     .As 


conditions  nia\  re(|uire.  auv  one  of  the  u])l;d<es  mav  l)e 
taken  out  on  short  notice  ;ind  in  a  verv  short  time,  and 
can  be  re])laced  at  once  by  a  new  one.  prcp.'ired  before- 
hand  for  tile  purpose. 

Recently  in  many  cases  not  only  producer  gas,  but 
.also  coke  oven  gas  and  other  high  grade  gases  are  used 
in  the  steel  plants.  In  order  to  be  able  to  use  all  the 
high  grade  coke  oven  gas,  having  a  heating  value  of 
about  750  I'tu.  cu.  ft.  instead  of  using  part  of  it  in 
the  coke  oven  the  latter  are  fired  with  a  low  grade  pro- 
ducer gas  with  a  heating  value  of  about  140  Ktu.  cu.  ft. 
Where  ]3ossible  even  blast  fm"nace  gas  of  about  100  Btu. 
cu.  ft.  can  be  applied  instead  of  the  producer  gas. 

The  hydrocarbons  contained  in  coke  oven  gas  are 
decomposed  at  higher  temperatures ;  they,  therefore, 
would  clog  up  the  channels  in  the  regenerating  cham- 
bers, thus  putting  them  out  of  commission  in  a  short 
time.  For  this  reason  the  furnaces  for  coke  oven  gas 
are  not  provided  with  gas  chambers,  but  have  air  cham- 
bers only.  This  means  larger  air  chambers  in  order  to 
permit  a  good  regulation  of  the  temperature  and  to  use 
all  the  waste  heat.  The  total  quantity  of  waste  heat 
travels  through  the  air  chambers  only.  Such  a  furnace, 
when  built  correctly,  permits  the  use  of  cold  gas  con- 
taining high  value  hydrocarbons,  with  the  best  utilization 
of  the  waste  heat. 


Discussion  of  Forge  Furnaces 

A  Brief  Practical  Review  of  the  Various  Types  of  Forge  Furnaces, 
Pointing  Out  Possibilities  for  Saving  and  Increased  Efficiency 
with   Various   Classes   of   Fuel — Regeneration  and  Recuperation. 

By  CHARLES  LONGENECKER 
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NUER  the  heading  Forge  l""urnace,' 
types  may  be  considered  : 
1st.     Soaking  pits. 


the  folluwinif 
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3rd. 
area. 

4th. 

The 


Regenerative    ty])e    furnaces  —  large    hearth 

■i 
Non-rea:enerative  tvne  furnaces — large  hearth 


I'urnaces  of  small  hearth  area, 
applicability  of  soaking  pits  for  forging  fur- 
naces may  be  questioned  by  some  but  there  are  plants 
equipped  with  these  furnaces.  In  some  ways  the  soak- 
ing pit  is  an  ideal  furnace  for  heating  steel  for  forging 
which  feature  will  be  considered  more  fully. 

Many  different  modifications  of  the  above  classifi- 
cation can  be  mentioned.  The  first,  second  and  third 
types  may  be  equi])ped  with  waste  heat  boilers  and  the 
fourth  type  might  be  constructed  with  regenerators 
but  such  modifications  would  not  change  the  type, 
simply  modify  it.  The  fourth  type  includes  those  fur- 
naces heating  steel  for  drop  forging  purposes  and  other 
comparatively  light  hammer  operations.  Recuperation 
has  been  applied  to  types  three  and  four. 

Soaking  Pits. 

This  type  of  furnace  is  used  in  comparatively  few 
plants  as  it  is  only  applicafble  for  heating  ingots.  At 
times  it  mav  be  employed  for  a  "second  heat"  but  this 


i.>  prubleniaiical.  I'lants  having  their  own  open  hearth 
furnaces  can  install  soaking  pits  to  advantage  if  the 
tonnage  is  enough  to  justify  the  expendituie  and  if 
the  furnaces  can  be  kept  in  continuous  service.  The 
economic  value  of  "soaking  i)its"  is  de])endent  on  un- 
interrupted operation  and  heavy  tonnage  and  hence 
these  pits  are  not  applicable  to  any  but  the  largest 
forge  plants  where  heavy  ingots  are  handled.  The 
building  housing  these  furnaces  must  be  constructed 
with  regard  to  the  work  to  be  performed  and  adequate 
height  allowed. 

The  fuel  consumption  will  vary  according  to  the 
temperature  at  which  the  ingots  are  charged.  If  they 
are  charged  hot  as  received  directly  from  the  oi)en 
hearth,  immediately  after  stripping,  the  fuel  consumed 
will  be  exceedingly  small.  In  fact,  when  the  ingots 
are  charged  very  hot,  the  "soaking  pit,"  as  the  name 
implies,  affords  the  opportunity  for  the  initial  heat  con- 
tained in  the  steel,  as  received,  to  equalize.  In  this 
case  no  extraneous  heat  need  be  applied.  This,  indeed, 
was  the  original  conception  of  the  "soaking  pit"  as  ex- 
emplified by  the  Djer's  pit.  In  this  form  of  the  pit  no 
provision  was  made  for  heating  other  than  the  heat 
])rovided  fey  the  ingots  themselves.  Today  the  same 
])rinciple,  somewhat  modified,  is  jiracticed  in  the  "fire- 
less  cooker."  In  the  latter  case  the  heat  is  imparted 
to  the  foods  to  be  cooked  by  another  oliject  which  has 
been  heated.    This  source  of  heat  radiates  and  the  heat 
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is  confined  and  absorbed.  No  heat  is  allowed  to  leave 
the  enclosure  in  either  the  "soaking  pit"  or  the  "fireless 
cooker"  except  that  portion  which  defies  retention. 

When  the  ingots  are  charged  hot  into  "soaking  pits" 
the  flow  of  heat  in  the  piece  (ingot  in  this  case)  is 
directly  opposite  to  that  which  takes  place  in  any  other 
type  of  furnace  charged  with  cold  steel.  In  the  latter 
form  of  furnace,  heat  is  applied  to  the  outer  surface 
of  the  piece  and  this  heat  must  penetrate  to  the  centre. 
The  flow  is  reversed  with  a  hot  ingot  in  the  soaking  pit. 
Here  the  molten  centre  must  give  up  its  heat  to  the 
surrounding  metal.  As  to  the  question  of  segregation, 
piping,  etc.,  it  will  be  apparent  that  heating  from  the 
centre  to  circumference  is  an  ideal  method.  Fissures 
and  stresses  are  not  so  liable  to  form  and  sharp  corners 
are  not  apt  to  be  overheated  as  in  a  reheating  furnace. 

When  cold  ingots  are  charged  the  conditions  there 
are  similar  to  any  other  type  of  furnace  as  regards  flow 
of  heat.  One  other  point  of  value'  possessed  by  the 
soaking  pit  is  that  hot  ingots  can  be  brought  direct 
from  the  open  hearth  and  placed  in  the  pit  with  no 
danger  of  the  ingot  "bleeding"  as  it  would  do  if  placed 
in  a  horizontal  position  with  the  centre  molten. 

The  fuel  consumption  on  cold  ingots  varies  within 
wide  limits  depending  on  the  size  ingots,  etc.  It.mav 
run  from  300  to  500  lbs.  per  ton  of  ingots  heated.  \\^ith 
hot  ingots  as  noted  very  little  heat  is  required  depend- 
ing on  the  temperature  of  ingots  as  charged  and  length 
of  time  they  are  held  in  the  pits. 

With  natural  gas,  oil,  and  powdered  coal  the  air 
only  is  pre>heated  while  with  producer  gas  both  it  and 
the  air  will  be  heated. 

Regenerative  Forge  Furnaces. 

Tliis  type  of  furnace  is  usually  of  large  dimensions 
and  consequently  heats  ingots  or  large  blooms.  Re- 
generation is  applicable  where  the  heat  volume  of  the 
waste  gases  is  large  and  at  high  temperature.  There 
is  a  great  divergence  of  opinion  concerning  the  econ- 
omy of  regeneration  in  forge  furnaces.  The  final  an- 
alysis will  disclose  in  every  case  whether  the  saving 
in  fuel,  and  attending  economies,  will  counterbalance 
the  additional  cost  for  equipment  to  effect  regenera- 
tion. The  size  of  the  furnace  practically  determines 
what  should  'be  done,  ^\'here  the  tonnage  to  be  heated 
is  considerable  and  the  furnace  operation  continuous, 
regeneration  should  be  emploved.  The  problem  of  re- 
generation is  capable  of  solving  without  entering  the 
realm  of  chance.  Knowing  the  quantity  of  material  to 
be  heated  the  fuel  consumption  can  be  closely  approxi- 
mated from  experience.  Whh  this  knowledge  the  heat 
carried  ofif  by  the  waste  gases  can  be  determined  and 
likewisf-  the  quantity  of  air  required  to  burn  the  fuel. 
The  effiriencv  of  heat  exchange  is  known  for  most 
fo'ms  of  regenerators  so  that  there  remains  only  a 
calculation  to  determine  the  heat  returnable  by  the  air. 
The  saving  wiU  be  shown  by  the  Btu  value  in  heat  re- 
turned to  the  furnace  when  interpreted  in  gallons  of 
oil,  pounds  of  coal,  or  cubic  feet  of  gas. 

The  temperatu'-e  carried  in  forge  furnaces  on  un- 
alloyed carbon  steel,  and  on  most  alloyed  steel,  is  hisrh 
enough  to  give  the  necessary  degree  of  heat  to  the 
waste  gases.  One  other  feature  to  be  taken  into  ac- 
count is  the  space  available  for  the  installation.  A 
regenerative  furn;ice  occupies  more  snace  than  one  of 
the  non-'-egenerative  type  and  this  additional  space  is 
an  important  factor  at  certain  plants. 

The  difterence  in  flame  characteristics  in  a  regener- 


ative furnace  as  compared  to  one  of  the  direct  fired  type 
is  worthy  of  note.  The  principle  reason  for  regenera- 
tion is  increased  efficiency  which  translated  into  dol- 
lars and  cents  means  a  very  considerable  saving  where 
conditions  are  satisfactory  for  this  type  of  furnace. 
The  gain  in  heat  is  very  easily  calculated  but  is  more 
apparent  in  actual  output.  The  flame  in  a  regenerative 
furnace  is  capable  of  closer  manipulation  as  to  oxi- 
dizing or  reducing  characteristics  as  compared  to  other 
types.  Better  combustion  will  also  result  from  the 
better  gas  and  air.  \\'herever  powdered  coal  or  natural 
gas  is  1)urned  the  saving  is  confined  to  the  additional 
heat  brought  in  by  the  air  as  it  only  is  heated. 

The  heat  control,  as  to  temperature,  in  the  reneger- 
ative  type  is  under  very  close  regulation,  which  is  not 
so  in  the  hand  or  stoker  fired  furnace.  The  change  in 
furnace  temperature  cannot  fee  so  quickly  made  in  hand 
fired  furnaces  due  to  the  less  exacting  facilities  for 
adjustment.  The  experienced  forger  desires  what  is 
generally  known  as  a  "mellow  heat"  and  this  can  be 
more  readily  obtained  with  regeneration.  The  mixing 
of  air  and  fuel  is  accomplished  to  a  greater  degree  of 
perfection  which  fact  eliminates  to  a  large  extent  the 
liabilitv  for  the  existence  of  currents  of  unburned  gas 
or  of  air.  There  therefore  should  be  less  oxidation  as 
compared  to  other  methods  of  firing.  The  labor  cost 
will  be  small  as  the  onlv  work  will  be  that  of  regula- 
tion. The  fuel  will  be  handled  at  a  central  plant  and 
in  an  inexpensive  manner  comparatively. 

In  a  regenerative  fired  furnace  the  fuel  consumption 
will  run  approximately  as  follows: 

Oil  per  ton  of  output — ,39  gals. 

Producer  gas  fcoal")  per  ton  of  output — ISO  lbs. 

Powdered  coal  per  ton  of  output — 400  ll^s. 

Natural  gas  per  ton  of  output — 42.000  cu.  ft. 

Various  tvpes  of  furnaces  have  been  built  with  the 
idea  of  maintaining  a  deep  bed  of  fuel  on  the  erate  and 
operating  on  the  semi-producer  principle.  The  gain 
resulting  from  such  furnaces  is  verv  small,  if  any.  The 
sensible  heat  of  the  gas  is  utilized  but  the  grate  makes 
a  poor  gas  producer. 

Fcrsre  Furnaces — Non-Regenerative. 

This  type  of  furnace  finds  its  field  in  plants  where 
the  pieces  heated  are  not  of  the  largest  sizes,  where 
the  service  is  not  continuous,  or  whe'-e  the  funds  to  be 
init  into  such  equipment  is  limited.  The  latter  is 
usuallv  the  leading  consideration  as  the  other  factors 
are  not  necessarily  controlline  ones.  It  is  entirely  pos- 
sible to  hent  large  pieces  with  oil,  powdered  coal,  or 
stokers  with  air  at  atmospheric  temperature  but  it  is 
prefernble  to  heat  the  air, 

B\'  far  the  majority  of  forge  furnaces  are  of  the 
non-regenerpti\e  tvpe  and  it  is  likewise  true  thnt  the 
larger  quantit\-  of  forgings  are  of  medium  or  small  size. 

The  furnaces  under  this  heading  are  heated  bv  oil. 
powdered  coal,  stokers,  or  hand  fired.  Individual 
stacks  are  the  rule  for  carrying  off  the  spent  gases. 

One  of  the  main  features  in  furnaces  of  the  type 
niider  consideration,  is  to  secure  nn  evenlv  heated 
henrth  as  the  hearth  is  long  in  comparison  to  the  width. 
I'suallv  there  is  a  tendency  to  overheat  near  the  bridee 
\v;)ll.  Raising  the  bridp'e  wall  will  help  to  remedv  this 
difficultv  pro\'ided  sufficient  space  remains  between 
tlv  top  of  the  bridge  wall  and  the  roof  so  that  the  heat 
will  not  be  too  confined  in  the  comhustion  chamber. 

The  next  feature  of  prime  importance  is  to  obtain 
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the  proper  proportions  for  what  is  commonly  called 
the  "neck"  and  the  roof  directly  over  the  neck.  The 
neck  connects  the  furnace  proper  to  the  stack.  The 
"neck"  must  not  be  too  large  else  the  gases  will  pass 
out  too  swiftly  and  the  furnace  will  be  too  cold  at  the 
"neck"  end.  If,  on  the  other  hand,  the  area  of  the  neck 
be  too  small  the  furnace  will  not  heat  properly  due  to 
retarded  combustion.  There  is  only  one  way  to  deter- 
mine the  proper  size  of  this  opening  and  that  is  by 
experiment.  Like  many  other  problems  connected  with 
furnaces  there  is  no  formula  which  will  apply.  The 
Lauth  furnace  which  met  with  much  favor  some  years 
ago  had  a  very  steep  drop  in  the  roof  directly  over  the 
"neck."  The  effect  of  this  design  was  to  increase  the 
reverberatory  effect  and  keep  a  large  volume  of  hot 
gases  in  the  furnace.  The  applicability  of  such  a  de- 
sign will  depend  on  the  size  of  furnace  and  its  service. 

.Another  design  which  had  quite  an  extensive  use 
was  the  Stubblebein  furnace.  The  object  of  this  de- 
sign was  to  increase  the  completeness  of  combustion 
by  preheating  the  air.  The  rear  wall  of  the  combus- 
tion chamber  was  constructed  so  that  air  was  drawn 
into  openings  near  the  base  of  this  wall.  This  air 
passed  through  vertical  circular  passageways  and  en- 
tered the  combustion  chamber  a  few  inches  below  the 
roof.  In  passing  through  the  wall  the  air  was  heated. 
In  the  combustion  chamber  it  met  the  partly  oxidized 
gases  with  the  result  that  these  gases  would  be  further 
oxidized.  The  same  principle  has  been  employed  in 
many  modifications.  Any  saving  which  might  be  ob- 
tained would  be  due  to  a  more  thorough  mixing  of  air 
and  gases.  The  preheating  is  open  to  question  as  the 
heat  which  is  absorbed  by  the  air  is  abstracted  from 
the  fire  on  the  grate.  It  is  hard  to  see  where  there  can 
be  enough  increase  in  efificiency  of  combustion  to  off- 
set the  first  cost  and  maintenance. 

The  coal  consumption  in  furnaces  of  this  type  will 
depend  on  many  considerations.  Hand  fired  the  coal 
per  ton  of  output  may  run  from  700  to  1,200  lbs.  de- 
pending on  size  of  furnace  and  amount  of  material 
heated,  etc. 

A  furnace  fired  by  powdered  coal  and  heating  very 
large  pieces  consumed  520  lbs.  of  coal  per  ton  output. 
The  temperature  of  this  furnace  averaged  2340  degrees 
F.    Its  efficiency  was  approximately  12  per  cent. 

Where  waste  heat  toilers  are  provided  the  opera- 
tion of  the  furnace,  to  show  an  appreciable  saving, 
should  be  uninterrupted.  There  is  no  better  means  to 
economize  heat  than  by  a  boiler  but  it  must  be  kept 
running.  Like  many  other  engineering  problems  there 
is  a  point  where  the  installation  of  a  boiler  is  not  eco- 
nomical. This  will  depend  altogether  on  operating 
conditions.  The  investment  when  furnaces  are  in- 
stalled with  waste  heat  boilers  is  of  course  greater  than 
where  the  boilers  are  left  out.  If  the  equipment  stands 
idle  the  interest  on  the  investment  does  not.  Every 
plant  has  power  conditions  peculiar  to  itself  and  these 
must  be  taken  into  consideration. 

Furnaces  With  Small  Hearth  Area. 

Due  to  the  small  volume  to  be  heated,  gas,  pow- 
dered coal  and  oil  are  generally  emploved  as  the  heat- 
ing agent  in  furnaces  of  this  type,  there  are  still  a 
few  .shops  where  the  pieces  to  be  forged  are  placed  on 
a  bed  of  coke  but  such  furnaces  are  comparativelv  few. 
There  coke  furnaces  carry  an  excellent  forging  fire  but 
the  cost  of  coke  and  labor  connected  with  its 'distribu- 
tion have  made  this  method  of  heating  prohibitive. 

Natural  gas  is  still  extensively  used  in  some  dis- 


tricts of  Ohio  and  Pennsylvania  but  the  cost  of  this 
fuel  has  advanced  to  47c  per  1,000  cu.  ft.  and  it  is  being 
burned  to  a  lesser  extent  each  year. 

Oil  is  still  the  predominant  fuel  but  powdered  coal 
is  proving  a  strong  competitor. 

These  small  furnaces  combine  the  heating  and  com- 
bustion chamber  and  it  is  vital  to  success  that  com- 
bustion be  rapid.  The  aim  must  be  to  promote  the 
intermixture  of  air  and  fuel  and  secure  rapid  ignition 
so  that  the  heat  will  be  generated  instantaneously.  The 
radiation  from  the  walls  of  the  furnace  is  most  effective 
in  hastening  combustion.  In  these  furnaces  if  the 
pressure  is  maintained  and  sufficiently  high  throughout 
the  chamber  there  will  be  little  trouble  from  unequal 
heating. 

A  comparative  test  recently  run  on  two  furnaces 
which  will  be  designated  No.  1  and  No.  2  showed  that 
No.  1  heated  96  pieces  2f^  in.  in  diameter  in  2  hours 
20  minutes  and  consumed  32.31  gals,  of  oil.  Thus 
the  heating  was  at  the  rate  of  one  piece  every  1.46 
minutes  and  the  oil  consumption  per  piece  was  .336 
gals. 

Furnace  No.  2  heated  56  pieces  in  2  hours  and  18 
minutes  on  an  oil  consumption  of  30.81  gals.  In  this 
furnace  one  piece  was  heated  every  2.46  minutes. 

The  hearth  of  'both  furnaces  was  13^  in.  deep  by 
4  ft.  lyi  in.  wide. 

The  above  tests  are  not  cited  as  ideal  operation  con- 
ditions but  the  performance  of  No.  1  furnace  represents 
the  output  of  a  furnace  which  is  found  in  many  shops. 
The  efficiencies  attained,  by  furnaces  in  this  country 
are  not  as  high  as  those  in  foreign  countries  which  is 
largely  due  to  the  fact  that  our  cheap  fuels  have  not 
forced  us  to  economize  in  this  respect. 

There  is  quite  some  difference  in  opinions  relative 
to  the  rate  at  which  steel  should  be  heated.  If  heated 
too  fast  it  is  a  well  known  fact,  that  the  steel  is  in- 
jured by  stresses  which  do  not  develop  when  the  heat- 
ing is  slower.  Every  kind  of  steel  has  its  peculiarities 
which  will  determine  the  rate  of  heating  and  subse- 
quent treatment.  Alloyed  steels,  being  very  sensitive 
to  heat  while  the  carbon  steel  will  stand  rougher  usage. 
Experience  will  in  the  long  run  determine  the  most 
satisfactory  forging  temperature.  There  must  be  time 
for  the  necessary  molecular  changes  to  take  place  and 
this  time  cannot  be  shortened  without  spoiling  the 
stock. 

Probably  the  greatest  criticism  which  can  be  offered 
in  regard  to  small  type  furnaces  is  that  in  most  in- 
stances they  are  too  small  for  the  work  and  the  steel 
must  be  heated  too  rapidly. 


NEW  OPEN  HEARTH  TALBOT  FURNACE. 

An  open-hearth  furnace  of  very  large  capacity  has 
recently  been  developed  by  Mr.  Benjamin  Talbot,  of 
Middlesbrough.  The  furnace  has  twin  or  plural 
hearths,  connected  by  one  or  more  ducts,  enabling  the 
metal  to  flow  between,  and  in  this  way  a  larger  volume 
of  metal,  estimated  at  350-500  tons,  may  be  treated. 
A  central  wall  between  the  hearths  overcomes  the 
structural  weakness  of  a  single  roof,  heat  energv  being 
conserved,  and  the  time  for  refining  reduced. 

.\  feature  is  the  plan  to  tilt  from  the  end  instead  of 
the  side,  and  it  is  there  where  the  regenerator  cham- 
bers are  located.  The  gases  thus  flow  all  in  one  direc- 
tion, and  the  waste  gases  are  carried  from  the  tapping 
end  of  the  stationary  flue  leading  to  the  regenerators. 
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Steel   Works  Power  Plant  Management 

Fixed  Charges  and  Maintenance — Permanent  Statistics  for  the 
Power  Plant — Manner  of  Figuring  Depreciation  of  Power  House 
Equipment. 

By  ROBERT  JUNE,  Mechanical  Engineer. 


FIXED  charges  of  the  power  plant  are  made  up  of  a 
number  of  separate  items,  such  as  depreciation,  in- 
terest   on    investment,    rent,    and    administration. 
Maintenance  consists  of  renewals  and  repairs,  and  the 
necessary  labor  required  to  make  them. 

Depreciation. 

Depreciation  results  from  a  decrease  in  value  of  a 
given  piece  of  apparatus,  as  a  result  of  wear  and  tear, 
age,  changing  plant  conditions,  and  changes  in  the  art 
of  manufacture  of  the  particular  apparatus  which  ren- 
ders its  further  use  inadequate.     A  convenient  classi- 
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fication  of  the  various  forms  of  depreciation  follows. 

Complete  Depreciation — This  results  from  a  grad- 
ual and  even  decrease  in  value,  as  the  result  of  wear 
and  tear. 

Obsolescence,  Inadequacy  and  Destruction — Marked 
improvements  in  the  design  of  certain  type  of  appar- 
atus may  render  the  use  of  the  older  type  uneconomical, 
thus  prematurely  shortening  its  life. 

Inadequacy  is  the  result  of  increased  demands  upon 
capacity  which  renders  it  necessary  to  discontinue  the 
use  of  a  given  machine,  or  the  result  of  changing  plant 
conditions  which  render  the  services  of  a  machine  of 
a  given  type  no  longer  necessary. 

Destruction  is  the  result  of  accident.  The  possi- 
bilities of  accident  should  be  covered  by  insurance  as 


fully  as  practicable.  As  they  cannot  be  anticipated, 
it  is  difficult  to  set  up  a  proper  reserve  for  them. 
Obsolescence  and  inadequacy  can,  at  times,  be  antici- 
pated, and  when  this  is  tlie  case,  definite  reserves  should 
be  set  up  to  compensate  for  them.  Whether  there  is 
reason  to  expect  them,  or  not,  some  reserves  should 
be  set  up  in  these  days  of  rapid  developments  in  the 
mechanical  arts. 

Incomplete  Depreciation — This  is  due  to  unusual 
wear  and  tear  of  the  sort  which  is  apt  to  fall  at  irregular 

TABLE  I. 
Approximate  Useful  Life  of  Various  Portions  of  Steam 
Power  Plant  Equipments.  Years 

Behs    8 

Boilers,   water-tube    25 

Boilers,   fire-tube    20 

Buildings,  brick   or  concrete 40 

Buildings,  wooden  or  sheet  iron 15 

Chimneys,  self-sustaining  steel 30 

Chimneys,  guyed  sheet-iron   10 

Condensers,  Jet    25 

Condensers,  surface    20 

Coal  conveyor,  bucket    15 

Goal  conveyor,  belt   10 

Engines,  slow-speed    25 

Engines,  high-sipeed 20 

Economizers    20 

Generators,  direct-'current 20 

Generators,  alternatingicurrent   20 

Heaters,  open    25 

Heaters,  closed   20 

'Motors 20 

Pumps    20 

Piping,  ordinary    12 

Piping,  first-class   20 

Rotary  converters   20 

Soot  blowers    8 

Storage  batteries    15 

Stokers     12 

Turbines    25 

Transformers    20 

Wiring   15 
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intervals  in  large  amounts.     Depreciation  may  be  han- 
dled by  several  methuds.  as  follows: 

(1)  To  charge  to  earnings  in  good  years  and  i.rcclit 
to  depreciation  reserve  such  amounts  as  the  jn-dTits 
from  oi)eration  permit. 

(2)  To  charge  to  earnings  the  depreciation  as  it 
matures  and  necessitates  renewals. 

(3)  To  charge  to  earnings  and  credit  to  deprecia- 
tion reser\e  annually  a  certain  percentage  of  the  cost 
determined  by  the  average  weighted  life  of  the  prop- 
erty. 

It  is  quite  common  practice  in  power  plant  work 
to  set  up  an  average  annual  depreciation  and  allowance 
based  on  the  original  cost  of  the  equipment,  less  its 
value  as  junk  or  salvage,  and  to  spread  this  deprecia- 
tion over  a  ])eriod  of  years  approximating  the  as- 
sumed life  of  the  er|ui])ment.  Tal)le  1  gi\'es  the  ap- 
proximate useful  life  of  the  most  common  type  of 
power  plant  equipment,  based  on  the  assumption  that 
they  are  proijerl}-  handled  and  cared  for,  and  tliat  main- 
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tenance  and  repairs  are  kept  up.  This  table  does  not 
account  for  obsolescence  or  inadequacy  and  its  figures 
should  be  discounted  on  this  account. 

If  we  consider  depreciation  as  including  mainte- 
nance, we  should  properly  set  aside  as  a  reserve  a 
fixed  percentage  for  the  decreasing  value  of  the  equip- 
ment to  represent  the  unmatured  depreciation.  In 
this  way  we  equalize  matters  by  making  the  deprecia- 
tion allowance  larger  when  repairs  are  smallest  and 
vice  versa,  depreciation  is  smallest  when  repairs  are 
largest,  as  the  end  of  the  useful  life  of  the  equipment 
approaches. 

Depreciation  reserves  may  be  accumulated  there- 
fore either  on  the  "straight-line"  or  "sinking  fund" 
method. 

Straight-Line  Method — In  the  straight-line  method, 
if  we  assume  that  the  total  investment,  less  salvage, 
is  divided  by  the  expected  life  of  the  equipment,  we 
will  have  the  amount  in  money  which  should  be  al- 
lowed each  year  to  cover  the  accrued  depreciation. 
This  is  the  simplest  method.  It  is  illustrated  in  Figure 
I.  Probable  age  of  equipment  may  be  determined  from 
Table  I  with  discounts  as  noted,  to  take  care  of  ob- 
solescence and  inadequacy.  In  utilizing  this  method, 
the  original  cost  is  considered  as  including  the  net 
cost  of  labor  and  material,  plus  overhead,  which  in- 
cludes insurance  charges,  fire  and  liability  insurance, 
interest  on  investment  during  construction,  installation, 
and,  where  the  entire  plant  is  being  built,  financial. 
legal  and  organization  expenses. 

Sinking  Fund  Method — In  utilizing  the  sinking 
fund  method,  we  set  aside  a  fixed  sum  per  annum  which 


must  be  allowed  to  accumulate  at  compound  interest. 
The  money  thus  set  aside,  plus  accumulated  interest, 
must  be  equal  to  the  original  cost  of  the  equipment, 
less  salvage  value,  at  the  end  of  the  assumed  life  of 
the  equipment.  Again  we  have  reference  to  Table  1 
for  the  life  of  the  equipment,  and  again  we  must  make 
[jroper  discount  for  obsolescence  and  inadequacy. 

Figure  II  graphically  illustrates  a  convenient 
method  of  determining  the  rate  of  depreciation  in  con- 
nection with  the  use  of  the  sinking  fund  method. 
Table  II  may  conveniently  be  used  in  this  connection. 


TABLE  11. 

Rate  of  Depreciation. 

Per 

Cent  of  First  Cost. 

Assumed 
Useful 

I     if.:. 

-Rate  of  Interest 
5            5.5 

per  cer 
6 

it 

L,iie. 
Years. 

4 

4.5 

7 

8 

2 

49.02 

48.90 

48.78 

48.66 

48.54 

48.31 

48.07 

,S 

,32.0,3 

31.87 

31.72 

31.56 

31.41 

31.10 

30.80 

4 

23.55 

23.39 

23.20 

23.03 

22.86 

22.52 

22.19 

5 

18.46 

18.28 

18.10 

17.19 

17.73 

17.40 

17.04 

6 

15.08 

14.89 

14.70 

14.53 

14.33 

13.97 

13.63 

7 

12.66 

12.46 

12.28 

12.09 

11.91 

11.15 

11.20 

8 

10.85 

10.66 

10.47 

10.28 

10.10 

9.74 

9.40 

0 

9.45 

9.26 

9.07 

8.88 

8.70 

8.34 

8.00 

11) 

H.33 

8.14 

7.95 

7.76 

7.58 

7.23 

6.90 

11 

7.41 

7.22 

7.04 

6.86 

6.68 

6..33 

6.00 

12 

6.65 

6.46 

6.28 

6.10 

5.92 

5.60 

5.27 

1.3 

6.01 

5.83 

5.64 

5.47 

5.29 

4.96 

4.65 

14 

5.46 

5.28 

5.10 

4.93 

4.75 

4,49 

4.13 

15 

4.99 

4.81 

4.63 

4.46 

4.29 

3.97 

3.68 

1ft 

4.58 

4.40 

4.22 

4.06 

3.89 

3.58 

3.30 

17 

4.22 

4.04 

3.87 

3.70 

3.54 

3.24 

2.95 

IS 

3.90 

3.72 

3.55 

3.39 

3.23 

2.94 

2.66 

19 

3.61 

3.44 

3.27 

3.11 

2.96 

2.67 

2.47 

20 

3.36 

3.19 

3.02 

2.87 

2.71 

2.44 

2.18 

2S 

2.40 

2.24 

2.09 

1.95 

1.82 

1.58 

1.36 

30 

1.7R 

1.64 

1.50 

1.38 

1.26 

1.06 

0.88 

Interest  on  Investment. 

Interest  on  investment  should  cover  not  merely  a 
percentage  of  the  original  net  cost  but  it  should  also 
include  overhead,  such  as  insurance,  engineering  fees, 
office  charges,  cost  of  superintendance,  interest  on 
money  paid  in  advance  of  the  operation  of  the  equip- 
ment, etc.,  the  point  being  to  include  everything  which 
enters  into  the  expense  of  putting  the  equipment  into 
service. 

If  the  equipment,  or  building,  in  the  case  of  a  com- 
plete power  plant  is  covered  by  mortgage,  or  bond 
issue,  the  interest  rate  must  be  high  enough  to  in- 
clude the  complete  interest  on  the  mortgage,  or  bond, 
as  well  as  any  differential  between  the  total  gross  cost 
and  the  amount  of  the  bond  or  mortgage. 

If  the  new  equipment  or  building  is  paid  for  out  of 
surplus  previously  earned  in  the  business,  interest 
should  be  charged  at  the  rate  which  the  money  would 
earn  if  invested  in  other  branches  of  the  business  or 
which  it  would  earn  if  placed  out  at  interest. 

At  this  point,  it  is  well  to  draw  a  distinction  be- 
tween repairs  and  renewals  on  one  hand,  and  addi- 
tions on  the  other.  Repairs  and  renewals  which  do 
not  increase  the  value  or  efficiency  of  the  equipment 
beyond  its  former  value  must  be  charged  to  operating 
expenses.  .Additions,  such  as  accessories  which  in- 
crease the  value  of  the  equipment,  should  be  con- 
sidered as  ca])ital  investment.     In  the  case  of  obsoles- 
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cence  or  inadequacy,  which  has  not  been  anticipated 
or  entirely  charged  off  in  former  years,  only  that  por- 
tion of  the  cost  of  replacement  above  the  cost  of  re- 
newal of  the  old  equipment  should  be  charged  to  cap- 
ital value.  The  remaining  depreciation  which  has  not 
been  anticipated,  must  he  charged  to  operating  costs. 
It  should  also  be  remembered  that  as  depreciation 
occurs  capital  value  declines,  so  that  the  amount  of 
interest  set  aside  each  year  will  be  less  as  time  goes  on. 

Insurance. 

Three  classes  of  insurance  are  usually  required  in 
the  power  plant.  First,  on  building;  second,  on  equip- 
ment; and  the  third,  liability  insurance,  on  employees. 
On  the  first  two  classes,  the  premium  is  in  direct  rela- 
tion to  the  value  of  the  plant  and  equipment.  The 
premium  on  the  third  class  bears  no  relation  to  the 
cost  of  physical  equipment,  being  based  on  the  cost 
of  labor  and  the  hazards  of  employment. 

Property  Insurance  —  The  relative  premium  on 
'building    insurance    remains   approximatelv    the    same 
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year  after  year.  However,  it  is  extremely  important 
to  remember  that  when  additions  or  alterations  are 
made  to  the  plant,  that  additional  insurance  should 
be  provided.  Changing  replacement  values  of  plant 
and  equipment  should  also  be  taken  into  considera- 
tion. Thus,  a  building  erected  in  1912,  for  example, 
of  good  construction  and  with  an  estimated  life  of  40 
years,  would  in  1920,  if  building  costs  had  remained 
the  same  as  in  1922,  be  properly  insured  for  three- 
fourths  of  its  original  cost.  However,  as  building 
costs  have  approximately  doubled  in  the  jjast  ten  years, 
the  insurance  should  be  based  on  the  replacement  cost 
today,  less  depreciation  which  would  mean  that  the 
building  should  be  insured  at  1  '-j  times  its  original  cost. 
Changing  hazards  must  also  be  taken  into  account. 
If  the  tire  hazard  increases,  the  insurance  companies 
will  be  found  to  be  very  prompt  to  cancel  the  policies 


in  force  and  place  in  effect  new  ones  at  higher  prem- 
iums. Should  the  fire  hazard  decrease,  the  owner 
should  have  the  old  policies  cancelled  and  new  ones 
issued,  based  on  the  lessened  risk. 

Equipment  Insurance — Equipment  insurance  should 
be  abased  on  replacement  value  just  as  in  the  case  of 
building  insurance.  If  old  machinery  is  replaced  by 
new  the  policy  should  be  revised  to  take  this  new  value 
into  consideration  in  order  to  secure  adequate  pro- 
tection. 

Liability  Insurance — Liability  insurance  has  come 
to  assume  a  very  important  place  in  power  plant  costs. 
The  premium,  as  a  rule,  is  based  on  the  pay  roll,  being 
divided  however  into  a  number  of  sections,  each  carry- 
ing a  different  premium  depending  upon  the  hazards 
of  the  individual  class  of  work.  As  the  premium  may 
run  anywhere  from  one  to  ten  per  cent  of  the  actual 
cost  of  labor  it  forms  a  very  important  item  and  should 
not  be  neglected. 

The  first  point  is  to  ascertain  the  exact  amount  of 
time  put  in  by  the  various  power  plant  employees  on 
various  classes  of  work,  bearing  different  premiums. 
For  this  purpose  a  daily  report  similar  to  that  shown 
in  Figure  III  is  desirable.  This,  in  addition  to  serving 
as  a  check  on  insurance  premiums,  may  also  be  used 
for  purposes  of  efficiency  study  in  order  to  determine 
whether  any  undue  proportion  of  time  is  lieing  put  in 
(ill  certain  classes  of  work. 

In  going  into  the  various  classes  of  insurance  in 
detail,  our  purpose  is  to  point  out  that  insurance  is 
much  more  of  a  variable  than  is  generally  supposed 
and  that  the  insurance  costs  for  a  given  period  should 
not  be  assumed  to  be  in  definite  relation  to  the  first 
cost  of  equipment  or  in  definite  relation  to  liability 
but  that  they  should  be  ascertained  exactly  for  the 
period  co\xred  by  the  cost  analysis. 

Building  and  equipment  insurance  is,  of  course,  a 
fixed  charge.  Liability  insurance  is  sometimes  con- 
sidered a  part  of  the  cost  of  labor  and  is  simply  added 
thereto  as  an  operating  expense.  However,  it  is  more 
simple  to  regard  liability, insurance  as  a  fixed  charge. 

Rent. 

The  value  of  the  ground  on  which  the  power  plant 
is  built  determines  the  amount  to  be  charged  up  to 
rent.  Where  the  power  plant  is  merely  one  of  a  group 
of  buildings,  as  in  the  case  of  a  factory  power  plant, 
the  rental  should  be  in  proportion  to  the  amount  of 
ground  occupied  by  the  power  plant,  coal  pile,  etc., 
as  compared  to  the  other  buildings.  Where  the  power 
plant  stands  alone  as  in  the  case  of  a  central  station, 
the  value  of  the  entire  real  estate  is  based  for  rental 
charge.  Here  again  we  have  to  take  into  consideration 
changing  real  estate  values.  However,  adjustment  and 
rental  charges  need  ordinarily  be  made  not  oftener 
than  once  a  year. 

Administration  Expenses. 

This  covers  such  items  as  salaries  of  officers,  cler- 
ical wages,  office  supplies,  office  rent,  interest  and  de- 
preciation on  equipment,  depreciation  and  repairs  on 
office  equipment,  insurance  on  office  equipment,  post- 
age and  stationery,  telephone  and  telegraph,  legal  ex- 
j)enses,  and  where  power  is  sold  as  well,  advertising 
and  sales  expenses.  In  the  case  of  a  central  station. 
all  of  the  above  items  must  be  charged  against  the 
cost  of  producing  power.  If  the  central  station  has 
other  lines  of  activity,  they  must  be  proportioned  in 
relation  to  the  e.xpenses  incurred  by  the  various  de- 
partments of  the  business. 
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Fixed  Charges- 
Type   of  Equipment) 

Plant  No Building  No. 

Location    

Manufactured  by 

Address  


FIGURE  IV. 


Date  installed By  whom 

Brickwork  and  foundation  put  in  by Date . 


COST  OF  FOUNDATION                  

Interest 
on  Invest- 
ment at 

% 
Annually 

Deprecia- 
tion at 
% 
Annually 

Rent 
(Based  on 
proportion- 
ate space  in 
building  oc- 
cupied by  each 
machine) 

Overhead      | 
(Based  on     1 
proportionate 

share  of 
taxes,  insur- 
ance, office        Total 
expenses,  etc.,    .-Vnnual 
for  each           Fixed 
machine        Charges 

COST  OF  SETTIN 
COST  OiF  BOILER 
COST  OF  IiNSTAL 

G                   

■ 

Total 
Invest- 
ment to 

Date 

LATIO'N    

Total  Orieinal  Investment... 

"                                                                       -  -   -  - 

ADDITIONS 

(Do  not  charge  wages  of  reg'ular  plant  attendants  whose 

time  would  go  on  anyway,  against  additions) 

Date 

Character 

Material 

furnished 

by 

Cost 

Labor  by 

Cost 

1 
' 

1 

1 



.... 

1 

1 

1 

In  the  case  of  a  factory  power  plant,  power  becomes 
a  production  expense  and  the  overhead  charged  against 
the  power  plant  should  be  in  relation  to  the  total  in- 
vestment, and  also  to  the  total  la'bor  expenses  in  the 
factory  and  the  total  labor  expenses  in  the  power  plant. 

With  uniform  production,  administration  expenses 
will  ordinarily  vary  but  slightly  from  month  to  month. 
It  should  be  ascertained  each  month  and  figured  into 
the  cost  of  power.  Right  at  this  point,  the  writer  en- 
ters the  plea  that  the  men  in  actual  charge  of  the 
production  of  power  be  regularly  sujjplied  each  month 
with  a  statement  from  the  accounting  department 
showing  all  the  charges  set  up  against  the  power 
plant  for  interest,  depreciation,  insurance,  rent,  ad- 
ministration expenses  and  maintenance.  These  fig- 
ures are  all  too  commonly  regarded  as  a  secret.  Just 
why  this  is  so  is  not  clear.  The  figures  are  usually 
of  not  the  slightest  value  or  interest  to  any  one  out- 
side the  plant  nor  would  their  possession  by  the  oper- 
ating men  embarrass  the  management  in  99  plants  out 
of  100.  Giving  the  operating  men  these  figures  indi- 
cates first,  confidence  in  the  integrity  of  the  men  and 
secondly,  confidence  in  their  ability  to  suggest  ways 
and  means  of  reducing  some  of  these  charges.  Finallv, 
it  tends  to  curtail  wastl;  and  extravagance,  where  such 
exist. 

Figure  IV  indicates  a  form  of  record  which  should 
be  kept  in  the  power  plant,  one  sheet  for  each  important 
piece  of  equipment.  This  is  not  a  formal  accounting 
record — its  purpose  is  to  keep  the  men  in  charge  of 


power  plant  operations  fully  informed  of  the  nature 
and  extent  of  the  investment  and  the  various  types  of 
equipment,  and  the  cost  of  operating  each  individual 
unit.  Its  value  will  depend  upon  the  individual  men 
and  their  interest  in  their  work. 

FIGURE  V. 
Maintenance  Cost  Record. 

Type  of  Equipment 

Plant  No Building  No 

Location    

Manufactured   by 

Address   

N^anie  and  Address  to  call  for  repairs 

Date  installed By  whom 

Brickwork  put  in  by 

Repairs. 

(Do   not    charge    wages   of   regular   plant   attendants,    whose 

time  would  go  on  anyway,  against  repairs) 


Material                                                                   Total  cost 
Furnished                                                             repairs  to 
Date       Character        by               Cost          Labor           Cost            date 
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Maintenance. 

Maintenance  and  repair  cost  records  should  also 
be  kept  in  the  power  plant.  Again,  this  is  not  for 
formal  accounting  purposes.  Its  value  to  the  oper- 
ating men  is  to  tell  them  where  they  are  at  with  re- 
spect to  the  cost  maintenance  of  various  types  of 
equipment.  Maintenance,  of  course,  refers  to  the  ex- 
pense of  keeping  the  plant  in  running  order  over  and 
above  the  cost  of  attendance.  It  does  not  refer  to 
the  replacement  of  new  units  but  it  includes  the  cost 
of  repair  parts  and  the  cost  of  labor  over  and  above 
that  of  keeping  plant  attendance,  whose  time  would 
go  on  anyway  whether  they  were  engaged  on  repair 
work  or  not. 

Figure  V  offers  in  convenient  form  a  means  of 
keeping  track  of  the  maintenance  costs  in  the  power 
plant.  One  of  these  sheets  should  be  used  for  each 
machine  of  any  size  and  the  accounting  department 
instructed  to  place  at  the  disposal  of  the  operating  men 
any  needed  information  regarding  the  costs,  which  will 
enable  them  to  keep  these  records  with  approximate 
accuracy. 


RECENT  BOOKS  OF  INTEREST  TO  BLAST 
FURNACE  OPERATORS. 

By  E.  H.  M'Ci.ELL.^ND 
Technology    Librarian.    Carnegie   Library    of  Pittsburgh 

Rate  of  Driving. 

Greenwood ,  IVilliain  Henry — Iron:  its  sources,  prop- 
erties, and  manufacture,  with  numerous  engravings  and 
diagrams ;  revised  and  partly  rewritten  by  A.  H.  Sexton. 
225  p.     1907.     Cassell. 

Deals  with  the  output  of  the  furnace  on  p.  158-159. 

Johnson,  J.  £..  Jr. — Commercial  considerations  con- 
cerning the  blast  furnace.  1916.  (In  Metallurgical  and 
chemical  engineering,  v.  l.S.  p.  2,\S-244.) 

Considers  on  p.  237-238  the  most  economical  rate  of  driving 
for  furnaces  and  the  effect  of  the  rate  of  driving  on  profits. 
This  article  is  the  same  as  Chapter  XIX  of  "Principles,  opera- 
tion and  products  of  the  blast  furnace"  by  this  author. 

Johnson,  J.  E.,  Jr. — Principles,  operation  and  prod- 
ucts of  the  blast  furnace.     3.S1  p.     1918.     McGraw. 

Chapter  XIII.  "The  rate  of  driving  the  furnace,"  p.  302-313. 
The  most  economical  rate  of  driving  for  furnaces  and  the  effect 
of  rate  of  driving  on  profits  are  treated  on  p.  512-515. 

Johnson,  J.  E.,  Jr. — Rate  of  driving  the  blast  fur- 
nace. 1916.  (In  Metallurgical  and  chemical  engineer- 
ing, v.  15,  p.  21-26.) 

Discussion  of  the  best  rate  of  driving,  giving  consideration 
especially  to  the  effects  upon  the  regularity  of  the  settling  of  the 
charge,  fuel  consumption,  power  required  for  blowing,  flue  dust 
lost,  and  the  life  of  the  lining.  This  article  is  the  same  as  Chap- 
ter XIII  of  "Principles,  operation  and  products  of  the  blast  fur- 
nace" by  this  author. 

Turner,  T/io/ja.c— Metallurgy  of  iron.  486  p.  1915. 
C.  Griffin. 

Gives  brief  consideration  (on  p.  125)  to  the  rate  of  driving 
of  a  blast  furnace. 

See  also  "Brassert."  below. 

Volume  and  Pressure  of  Blast. 

Brassert,  Hermann  A. — Modern  American  blast  fur- 
nace practice.  1914.  (In  Year  book  of  the  .\merican 
Iron  and  Steel  Institute,  1914.     p.   15-69.) 

Discussion,  p.  70-113. 

Says  on  p.  54.  that  "uniform  practice  demands  that  the  blow- 
ing engines  be  so  governed  as  to  deliver  a  constant  quantity  of 
air  and  not  to  maintain  a  constant  pressure."  Pays  some  atten- 
tion to  rate  of  driving  furnace  under  "Operation." 


Grosszvcndt,  Carl — Turbo  blower  and  compressor 
regulators.  1916.  (In  Blast  Furnace  and  Steel  Plant, 
1916,  p.  426-428.) 

Supplementary  to  preceding  article.  "Deals  with  the  devices 
that  bring  about  the  desired  results." 

Grosszvendt,  Carl — Regulating  turbo  blowers  on  com- 
pressors. 1916.  (In  Blast  Furnace  and  Steel  Plant, 
1916,  p.  76-78.) 

Discusses  "means  for  obtaining  specified  operating  conditions 
under  varying  handicaps." 

L.oewenstehi,  L.  C. — Volume  regulator  for  blast  fur- 
nace engines.     1917.     (In  Transactions  of  the  .\merican 
.Society  of  Mechanical  Engineers,  v.  39,  p.  843-882.) 
Discussion,  p.  882-884. 

The  same,  condensed.  1918.  (In  Journal  of  the 
American  Society  of  Mechanical  Engineers,  v.  40,  p. 
224-233.) 

Deals  with  the  use  of  a  constant  volume  governor  and  a 
volume  corrector  to  take  account  of  variations  in  atinospheric 
conditions.' 

Marks,  Lionel  S.,  ed. — Mechanical  engineers'  hand- 
book.    1836  p.     1916.     McGraw. 

Gives  on  p.  1530-1531  brief  consideration  to  the  advantages 
of  the  centrifugal  compressor,  and  its  application  with  a  con- 
stant-volume governor  to  blast  furnace  work.  Describes  two 
kinds  of  constant-volume  governors  for  blast  furnace  purposes 
on  p.  1539-1540. 

Rice,  Richard  H..  and  Moss.  .Sanford  A. — Blast  fur- 
nace and  steel  mill  power  plants.  1917.  (In  Proceed- 
ings of  the  Engineers'  Society  of  Western  Pennsylvania, 
v.''33,  p.  81-115.) 

Discussion,  p.  115-130. 

Devoted  to  the  use  of  the  turbo-blower  for  blast  furnace 
work.  Includes  a  description  of  a  constant-volume  governor 
and  a  "volume  corrector"  to  take  account  of  variations  in  at- 
mospheric conditions,  manufactured  by  the  General  Electric 
Company. 

Rice.  Richard  H. — Turbo  blowers  for  blast  furnace 
blowing.  1914.  (In  Transactions  of  the  .American  In- 
stitute of  Mining  Engineers,  v.  50,  p.  104- 126.) 

Discussion,  p.  126-142. 

Includes   a   description   of   a   constant-volume  governor. 

Smoot.  C.  H. — Air-volume  regulation  in  smelting  and 
refining  furnaces.  1919.  (In  Engineering  and  Mining 
journal,  v.  107,  p.  654-656.) 

Description  of  author's  regulating  apparatus  for  obtaining  a 
constant  volume  of  air  in  blast  furnaces.  Says  it  has  always 
been  customary  to  operate  iron  blast  furnaces  with  a  constant 
volume  of  air. 


SULPHUR  IN  COKE 

The  general  problem  of  decreasing  the  sulphur  in 
metallurgical  coke  and  devising  desulphurization  proc- 
esses demands  that  some  knowledge  be  had  of  just  how 
the  sulphur  in  coke  occurs.  Unfortunately  this  is  not 
known  and  has  led  to  several  futile  attempts  to  deter- 
mine in  what  form  the  sulphur  occurs  in  coke.  A  new 
method  of  attack  has  been  outlined  by  the  Bureau  of 
Mines  which  promises  to  gve  much  more  information 
on  this  subject.  This  method  makes  use  of  the  passage 
of  hydrogen  through  the  hot  coke,  thereby  giving  a 
tneans  for  measuring  the  dissociation  pressure  of  the 
carbon-sulphur  combination.  Application  of  the  phase 
rule  to  these  results  will  indicate  whether  the  sulphur 
is  present  as  a  compound,  a  solid  solution,  or  adsorbed. 
The  results  so  far  obtained  by  the  Bureau  of  Mines 
seem  to  indicate  the  presence  of  a  compound,  but  further 
work  will  be  required  to  substantiate  this  and  studv  its 
properties. 
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STRUCTURAL   STEEL— IT'S   PAST   AND   FUTURE. 

I'.y  C.KoKr.i:  II.  Dam-iikth 
Sti-cl  coiistriiclion,  as  it  exists  today,  is  the  licir  of  that 
period,  prior  to  the  Civil  War,  which  saw  the  rise  and  de- 
velopment of  the  structural  uses  of  wrought  iron  for  bridges 
also,  to  a  much  more  limited  extent,  for  certain  forms  of 
building  work.  In  I'"uigland  both  wrought  and  cast  iron  were 
used  in  construction  much  earlier  than  this  but  in  this  coun- 
try, the  abundant  sirfxplies  of  timber  and  the  imperative  need 
of  building  chcaiply,  delayed  pur  use  of  metal  to  a  later  date. 
It  was  during  this  period  that  the  theoretical  work  was  done 
whereby  we  were  taught  the  analysis  of  structures  and  the 
stresses  that  coine  from  various  types  and  conditions  of 
loading,  material  to  resist  these  stresses  being  proportioned 
in  different  ways  to  suit  the  ideas  or  whims  of  the  designer. 
Vou  have  only  to  look  over  some  of  the  early  handbooks 
and  treatises  to  see  how  our  predecessors  Vabored  to  find  the 
best  and  most  economical  way.  according  to  their  lights,  to 
solve  their  problems  and  make  their  structures  safe.  The 
patent  offi'ce  was  full  of  the  efforts  of  these  men  for  at  that 
time,  the  idea  was  rampant  that  the  patent  was  the  thing  to 
protect  their  ideas.  Few  of  the  structures  of  this  period 
remain  to  tell  tale,  having  been  superseded  in  the  course  of 
time.  It  is  to  this  time  that  the  man  and  the  Whipple  truss 
belong,  also  the  Post  truss,  now  all  practically  extinct.  The 
Pratt  triuss  is  still  with  us  but  the  rest  have  gone.  Once  in 
a  while  there  vAU  appear  a  man  with  a  patent  on  some  struc- 
tural design  that  he  thinks  is  new  and  valuable,  but  nine 
times  out  of  ten,  it  v\-ill  be  found  on  analysis,  that  the  new 
patent  is  but  one  of  these  old  ideas  that  have  been  so  dresseu 
up  by  the  skillful  patent  attorney  as  to  get  by  the  patent 
office  examiner. 

The  great  expansion  of  the  railroads  after  the  Civil  War, 
was  the  cause  of  the  growth  of  many  shops  for  metal  con- 
struction work.  Some  of  these  shops  -have  been  originally 
built  for  the  making  of  "combination"  bridges,  as  they  were 
called,  having  wood  for  tap  chord  and  posts  and  with  iron 
rods  for  tension  members.  The  injunction  of  the  wood  and  iron 
members  being  usually  made  by  means  of  a  casting.  It  was 
but  natural  that  these  shops  should  develop  and  multiply  as 
wrought  iron  became  cheaper  and  as  the  loadings  became 
heavier.  The  directing  minds  of  these  shops  became  event- 
ually, the  designers  and  fabricators  of  the  all  metal  bridge, 
as  well  as  the  occasional  metal  trainshed.  At  this  time,  there 
was  little  doing  in  the  way  of  metal  buildings  of  any  other 
type.  The  first  extensive  use  of  metal  skeletons  in  the  ordi- 
nary commercial  building  was  made  when  part  of  the  West- 
ern Union  Building  in  Chicago  was  constructed.  This  was 
followed  in  1883  by  the  Home  Insurance  Bldg.,  also  in  Chi- 
cago, where  the  first  Bessemer  steel  beams  were  used,  in 
connection  with  cast  iron  columns  to  form  a  complete  frame. 
It  is  well  to  stop  a  moment  and  think  how  recently  steel  con- 
struction has  developed  when  you  are  trying  to  form  an  idea 
to  what  it's  use  may  he  in  the  future. 

In  considering  this  future,  it  should  be  burne  in  mind, 
that    it   is   only   within    a    few   years,    that    there   has    been    any 
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real  rival  to  steel  as  a  construction  element  in  structures  of 
any  size.  Wood  has  been  displaced  on  account  of  lack  of 
strength  and  high  cost.  For  certain  types  of  factory  con- 
struction, known  as  mill  construction,  it  is  still  favorably  re- 
garded but  the  high  cost  and  tendency  to  dry  rot  is  crowd- 
ing it  out,  even  there,  and  relegating  its  use  to  ordinary  house 
construction  where  loadings  are  light  and  poor  grades  can 
be  used.  Even  here,  its  combustibility  is  against  it.  The 
growing  idea  that  construction  shall  be  incombustible,  if  not 
fireproof,  is  practically  certain  to  cause  its  abandonment; 
except  for  the  finish  or  for  teitiporary  structures,  where  ease 
of  making  connections  and  re-use  of  the  material  after  the 
structure  is  abandoned,  make  its  use  advisable. 

Concrete  has  been  used  of  late  years,  to  a  considerable 
extent,  and  has  had  many  enthusiastic  advocates.  In  fact. 
its  standing  today  has  been  more  than  impaired  by  this  very 
enthusiasm,  causing  it  to  be  used  in  places  where  it  has 
really  had  no  business  to  be  even  considered.  Compared  to 
structural  steel,  it  is  heavy,  and  cunvbersome  and  if  it  is 
to  displace  structural  steel  there  w-ill  have  to  be  ways  found 
to  insure  its  standing  the  weather,  at  least  in  this  climate. 
The  tendency  of  concrete  to  spall  under  heat  is  also  against 
it.  To  spall,  when  used  as  an  insulator  against  fire  is  bad 
enough,  but  when  the  spalling  is  from  the  very  member  on 
which  you  are  depending  for  the  strength  of  your  structure, 
it  is  fatal.  Ther?  is  also  the  very  serious  objection  to  be 
urged,  that  it  is  subject  to  all  the  incidental  defects  involved 
in  field  work  with  no  means  of  knowing  what  you  have  until  it 
is  in  structure.  You  cannot  test  it  beforehand  to  determine 
what  you  are  going  to  get  as  a  finished  result. 

Terra-cotta  has  been  brought  forward  by  some  and  quite 
a  nunrber  of  good  sized  arches  and  domes  have  been  built. 
but  so  far  they  seem  to  have  defied  analysis  and  are  con- 
stntcted  on  einperical  rules,  the  use  of  this  material  for  any- 
thing aside  from  the  few  places  where  it  serves  a  special  pur- 
pose is  hardly  possible. 

So  far  nothing  has  been  developed  that  would  indicate 
that  the  use  of  steel  for  "structural  purposes"  was  on  the 
wane,  or  that  we  are  likely  to  see  it  displaced  in  the  im- 
mediate future.  Comparatively  speaking,  it  is  light  in  weight 
for  the  strength  it  possesses:  there  is  no  question  as  to  de- 
termining its  quality  before  it  is  incorporated  into  the  struc- 
ture or  as  to  how  it  is  connected  after  you  get  it  there.  It 
is  not  (fireproof  but  it  is  combustible  and  if  the  use  is  such, 
that  protection  from  fire  is  necessary,  such  protection  can 
be  readily  applied.  .\s  made  at  the  present  day.  it  has  to  be 
admitted,  that  it  will  rust,  when  subjected  to  certain  ex- 
posures, and  as  a  protection  against  this  we  have  been  re- 
lying on  various  paints  and  coatings.  It  is  not  logical  to 
have  as  the  only  protection  again&t  corrosion  of  a  structure, 
costing  many  thousands  of  dollars,  a  microscopically  thin 
film  of  oxidized  vegetable  oil  or  something  that  is  equally 
tender  and  fragile.  Some  day  there  is  no  doubt  but  that  we 
will  produce  a  non-corroding  steel,  that  will  be  commercially 
available  for  construction  purposes  and  then  the  use  of  paint 
will  l)e  relegated  to  its  proper  sphere,  that  of  finish  and  color 
only,  and  no!  then  if  we  tliink  the  natural  appearance  pre- 
ferable. 

With  the  rise  of  structural  steel,  there  developed  a  mania 


March,  1922 


TlioNasf  rurnaceSSieol  Plant 


203 


PRODUCTION    TOPICS 


for  diverse  specifications  both  for  quality  of  the  material  and 
for  workmanship  on  the  completed  structure.  Every  rail- 
road and  nearly  'every  engineer  had  its  own,  and  from  their 
view-point  the  only  right  and  proper  one.  This  led  to  end- 
less confusion,  with  their  minute  variations,  an  impossible 
situation  from  a  production  stand  point,  was  created.  We 
still  have  plenty  of  specifications  of  various  tendencies,  but 
thanks  to  the  labors  of  some  of  our  engineering  and  other 
technical  societies,  they  are  getting  to  be  more  reasonable 
and  for  similar  types  of  structures,  they  are  also  getting  to 
be  more  uniform.  There  is  still  room  for  further  ;progress 
in  this  direction  and  it  is  to  'be  hoped  that  the  time  is  not 
far  distant  when  the  specifications  for  quality  will  be  re- 
duced to  one  for  each,  of  not  more,  than  say,  three  or  four 
types  of  structures.  It  is  for  work  of  this  character,  that 
many  of  these  Societies  are  to  be  most  highly  praised.  Work- 
manship specifications  have  to  a  large  extent  grown  more 
rigid  as  the  years  have  gone  by.  Punched  holes,  originally 
universal,  have  been  barred  under  certain  conditions  and 
reamed  holes  or  holes  drilled  from  the  solid  have  been  called 
for  in  high  class  work.  These  constitute  a  serious  item  to  be 
considered.  There  seems  to  be  a  tendency,  however  of  late, 
at  least  in  some  quarters,  to  let  up  in  this  regard,  as  if  it 
were  considered  that  .the  results  obtained,  were  not  worth 
the  extra  expense.  The  same  can  also  be  considered  true  of 
the  epidemic  of  sand-blasting,  and  later  of  pickling  to  remove 
mill  scale,  that  for  a  time  ran  rampant  in  certain  places. 
Possibly  the  absence  of  easy  money  among  our  railroads 
and  their  need  of  getting  value  received,  may  have  had  some- 
thing to  do  with  this  change. 


PHYSICAL   TESTING    OF    COKE. 

The  physical  cliaracteristics  of  coke  is  a  matter  of  great 
importance  to  the  blast  furnace  and  foundry  men.  Tenta- 
tive definitions  of  terms  relating  to  coke  have  been  formu- 
ilated  by  the  Bureau  of  Mines  and  submitted  to  the  American 
Society  for  Testing  Materials.  Data  are  being  assem'bled  as 
to  the  methods  in  general  use  in  making  "shatter"  and  "hard- 
ness" tests  on  coke.  The  Bureau  pf  Mines  realizes  that  if  the 
results  of  such  empirical  tests  are  to  be  used  to  the  best 
advantage  they  must  be  standardized  in  order  that  the  re- 
sults obtained  be  comparable.  It  is  proposed  to  get  as  much 
information  together  as  possible  as  to  the  methods  of  con- 
ducting these  tests  and  from  these  data  tentative  methods 
will  be  submitted  to  the  .\merican  Society  for  Testing  Ma- 
terials for  thh  making  of  "shatter"  and  "hardness  tests  on 
coke. 


TRENT  PROCESS  FOR  CLEANING  COAL. 

The  efficiency  of  the  Trent  process  in  cleaning  coal  has 
been  determined  by  the  Bureau  of  Mines  for  typical  coals  of 
the  United  States.  The  point  of  superiority  of  the  Trent 
Proces'S  over  ordinary  washing  methods  is  the  high  com- 
bustible recovery  obtained,  in  some  cases  as  high  as  99  per 
cent.  Low-grade  sub-bituminous  coals  and  lignites  do  not 
respond  readily  to  treatment  by  the  process.  The  process 
is  not  efficient  in  removing  sulplnir  present  as  pyrite  in  the 
bituminous  coals:  with  anthracite  coals,  sulphur  removal  is 
good.  The  relation  betwen  fineness  of  grinding  and  ash 
separation  has  been  determined  on  typical  coals  pulverized 
to  sizes  as  small  as  10  microns,  (.01  mm). 


JANUARY    FABRICATED    STEEL    BUSINESS 
RELATIVELY  GOOD. 

In  January  72.100  tons  of  fabricated  structural  steel  work 
was  contracted  for  throrighout  the  United  States,  against 
71,500  tons  in  December  and  63,000  tons  the  monthly  average 
for  1921.  In  January.  1921,  the  total  was  only  32,000  tons, 
l)ut  in  January,  1920,  it  was  135,000  tons.  Taking  into  ac- 
count the  hesitation  evident  in  consummating  investment  en- 
terprises, the  fact  that  January  is  slightly  better  in  tonnage 
'than  December  may  be  significant.  In  the  last  ten  years 
January  has  always  shown  a  falling  off  from  December  with 
two  e.xceptions,  1913  and  1914.  January  bookings  for  a  de- 
cade have  averaged  82,800  tons,  while  December  bookings 
have  averaged  111'.200  tons.  Thus  January  is  about  15  per 
cent  better  than  the  1921  rate  and  not  quite  13  per  cent  under 
the  January  rate.  February  has  normally  been  10  per  cent 
better  than  January. 

The  statistics  of  the  volume  of  business  taken  by  the 
bridge  and  structural  shops  of  the  country  are  those  of  George 
E.  Clifford,  secretary  of  the  Bridge  Builders  and  Structural 
Society,  50  'Church  Street,  New  York.  The  January  business 
indicates  that  40  per  cent  of  shop  capacity  was  covered,  the 
total  monthly  capacity  being  put  at  180,000  tons. 


HUMAN  ELEMENT  IN  ENGINEERING. 

The  feature  of  the  regular  monthly  meeting  of  the  Engi- 
neers' Society  of  Western  Pennsylvania,  held  in  the  Georgian 
room,  William  Penn  hotel,  Pittsburgh,  Tuesday,  February  21, 
at  8  P.  M..  was  the  presentation  of  a  paper  on  the  "Human 
F^lement  in  Engineering"  by  E.  Atkin  Starks,  General  Sales 
Manager  of  the  Duravla  Mfg.  Co.,  New  York.  Mr.  Starks 
stressed  the  importance  of  giving  due  consideration  to  the 
relations   with   employes   in   all  engineering  projects. 


STEEL  TREATERS  MEETING. 

To  more  directly  serve  members  of  the  American  Society 
for  Steel  Treating,  sectional  meetings  have  been  instituted, 
the  first  of  which  will  be  held  at  the  Mc.\lpin  Hotel.  \ew 
York,  iMarch  3.  Fourteen  of  the  eastern  and  New  England 
chapters  will  participate  in  this  meeting.  .A.  variety  of  sub- 
jects will  be  discussed  in  the  seven  addresses  which  are 
scheduled.  Attendance  is  not  limited  to  members.  The  com- 
plete program  follows: 

11:00  P.M. — Registration. 
1:30  P.M. — -Address  of  welcome. 

2:00  P.  M.— .Addresses:  "Cold  Headed  Bolts  — Their 
Metallography,  and  Heat  Treatment,"  illustrated,  by  V.  E. 
Hillman  ,Crompton  &  Knowles  Loom  Works,  Worcester. 
Mass.:  "New  Developments  on  the  Influence  of  Mass  in  Heat 
Treatment."  by  E.  J.  Janitzky,  Illinois  Steel  Co.,  South  Chi- 
cago. 111.;  "The  Magnetic  Testing  of  Small  'Case-hardened 
Chain."  by  .\.  V.  DeForest,  .American  Chain  Co.,  Bridgeport. 
"Stainless  Steel  in  Cutlery  Use,"  illustrated,  by  F.  G.  Hall, 
R.  Wallace  &  Sons  Mfg.  Co.,  Wallingford,  Conn.;  "Calite— 
-\  Xew  Heat  Resisting  .Alloy,"  illustrated,  hy  G.  R.  Brophy, 
General  Electric  Co..  Schenectady.  N.  Y. 

6:00  P.M. — Informal  dinner. 

8:00  P.  M. — ^Addresses:  "Perfecting  a  Drop  Forging,"  il- 
lustrated by  J.  H.  G.  Williams.  Hartford.  Conn.;  "The  Manu- 
facture of  Steel,"  illustrated,  by  B.  H.  Long,  Carpenter  Steel 
Co.,  Reading,  Pa. 
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The  Walling'ford  Steel  Company,  Walling-ford,  Conn.,  re- 
cently organized  under  state  laws  with  a  capital  of  $200,000, 
has  acquired  property  near  the  end  of  \'alley  Street,  on  the 
east  side  of  the  Quinnipiac  River,  Wallingford,  as  a  site  for 
the  erection  of  a  new  plant  for  the  manufacture  of  rolled 
and  other  steel  products.  The  initial  works,  plans  for  which 
are  being  prepared,  will  comprise  three  buildings,  100x130  feet, 
100x300  feet,  and  50x100  feet,  all  one-story.  One  of  these 
structures  will  be  equipped  as  a  rolling  mill.  Ground  will  be 
broken  at  an  early  date.  The  company  is  headed  by  C.  \V. 
Leavenworth.  1'.  .\.  Wallace  and  !•"..  1!.  Clcliornc,  all  of  Wal- 
lingford. 


The  Evansville  Structural  Supply  Company.  Evansville, 
Ind..  manufacturer  of  iron  and  steel  products,  is  planning  for 
the  erection  of  a  new  steel  fabricating  plant,  to  be  one-story. 
100x200  feet,  and  estimated  to  cost  approximately  $40,000. 
The  company  is  now  operating  a  works  at  215  First  .\venue. 
Construction  of  the  new  plant  will  be  commenced  at  an  early 
date.  r  '^^ 


The  Carnegie  Steel  Company,  Pittsburgh,  Pa.,  has  work 
under  way  on  the  rebuilding  of  the  blast  furnace  Xo.  4,  at 
its  Lorain.  Ohio,  works,  and  will  have  the  structure  ready  for 
service  at  an  early  date.  The  company  is  also  making  ex- 
tensions and  improvements  in  its  slag  crushing  plant  at  this 
location,  and  will  install  new  finishing  machinery  in  certain 
departments  at  the  mill. 


The  Wlieeling  Steel  Corporation.  Wheeling.  W.  Va..  has 
awarded  contracts  for  the  erection  of  a  number  of  additions 
to  its  plants  at  Steuhenville  and  Portsmouth,  Ohio,  for  ex- 
tensive increased  capacity,  and  different  features  of  the  work 
will  be  inaugurated  at  once.  At  the  Portsmouth  mill,  a  new 
rod  and  wire  plant  will  be  constructed,  the  first  noted  to  be 
equipped  with  a  continuous  rod  mill  of  special  design.  In 
the  wire-working  department,  the  installation  will  include 
machinery  for  general  wire-drawing,  fence  and  nail  produc- 
tion. New  pick,ling.  annealing-  and  g-alvanizing  machinery 
will  be  installed  in  these  different  branches  of  the  works. 
.^  large  boiler  plant  will  be  constructed,  as  well  as  a  new  gas 
producer  department.  New  rolling  mil!  machinery  has  been 
installed  at  the  Steubenville  plant,  and  still  further  expansion 
will  be  continued  in  this  direction.  \ew  tables  and  trans- 
fers, shears,  intensifiers  and  auxiliary  operating  equipment 
has  been  ordered,  with  an  eight-stand.  19-inch  continuous 
bar  mill.  A  3S-inch  blooming  mill  will  also  form  part  of 
the  new  equipment.  Plans  are  under  way  for  the  erection 
of  a  new  boiler  plant  at  the  Steubenville  works,  and  at  a 
later  date  it  is  proposed  to  install  a  complete  new  electric 
generating  plant,  provided  with  turbo-generators  as  prime 
movers  to  furnish  all  electric  power  required  for  the  works. 
.A  new  gas  producer  will  be  installed,  utilizing  space  now 
given  over  to  one  of  the  skelp  mills.  A  new  storehouse  and 
greater  yard  facilities  will  form  a  feature  of  the  improve- 
ment work  under  way.  and  about  10  new  electric  traveling 
cranes  will  be  installed,  including  two  ISO-ton  ladle  cranes. 
The  entire  program  for  the  two  plants  calls  for  an  expendi- 
ture approximating  $5,000,000. 


I  he  erection  of  a  new  steel  works  in  the  vicinity  of  San  Fran- 
cisco, Cal..  and  is  negotiating  with  the  Chamber  of  Com- 
merce at  the  latter  place  for  a  suitable  site.  It  is  proposed 
to  commence  work  at  an  early  date.  H.  Bardue,  vice-presi- 
dent and  general  manager  of  the  company,  is  in  charge  of 
the  project. 


The  Maryland  Steel  Rolling  Company.  1410  Fidelity  Build- 
ing, Baltimore,  Md.,  has  taken  title  to  property  at  St.  Helena, 
near  Baltimore,  for  the  erection  of  a  new  plant  for  the  manu- 
facture of  steel  bars  and  kindred  products.  Plans  have  been 
comp'leted  for  a  main  building.  65x228  feet,  with  a  number 
of  smaller  structures,  and  work  will  be  commenced  at  an 
early  date.  .\  number  of  contracts  are  being  placed  for 
equipment,  including  a  traveling  crane.  K.  S.  Baldwin,  gen- 
eral manager  is  in  charge. 


The  Great  Southern  SteeF  Company.  Chicago,  III.,  is  per- 
fecting plans  for  the  erection  of  its  proposed  new  plant  in 
the  Birmingham.  Ala.,  district,  and  will  construct  two  new 
blast  furnaces,  with  capacity  of  about  220  tons,  at  this  loca- 
tion. Following  a  large  steel  mill  will  be  erected,  consisting 
of  a  number  of  buildings,  all  fully  equipped  for  different 
branches  of  manufacture.  The  complete  initial  works  will 
cost  close  to  $1,000,000.  including  machinery.  The  company 
has  a  large  tract  of  land  in  this  section,  including  iron  ore  and 
coal  properties  in  Etowah  and  other  counties.  The  company 
is  reported  to  have  been  negotiating  for  the  purchase  of  the 
property  of  the  White  Iron  &  Coal  Company.  Gadsden,  Ala., 
but  with  offers  declined.  The  latter  organization  has  en- 
gaged the  Rohert  W.  Hunt  Company.  Chicago,  engineer,  as 
operating  manager  of  its  local  plant.  The  Great  Southern 
Steel  Company  was  organized  recently  under  Delaware  laws 
with  a  capital  of  $105,000,000.  The  board  of  directors  will 
include  J.  S.  Stearns  of  the  Stearns  &  Culver  Lumber  Com- 
pany. Ludington.  Mich.,  and  P.  M.  Stearns,  a  lumberman  with 
closely  affiliated  interests;  also.  Judge  H.  W.  Seaman.  Chi- 
cago, and  John  I.  Beggs,  Milwaukee.  Wis.,  identified  with 
electric  traction  interests  in  this  section.  The  company  is 
represented  by  Charles  F.  Pain,  attorney.  First  National 
Bank  Building.  Chicago. 


The  .\merican  Sheet  &  Tin  Plate  Company.  Pittsburgh. 
Pa.,  has  work  under  way  on  new  pickling  and  galvanizing 
buildings  at  its  Vandergrift  plant,  and  will  install  consider- 
able equipment  for  the  different  features  of  operaton.  New 
furnaces  will  also  be  provided  for  the  hot  mills  at  the  works. 


The  Tennessee  Coal,  Iron  &  Railroad  Company.  Birming- 
ham. .Via.,  has  work  under  way  on  the  rebuilding  of  the 
No.  1  blast  furnace  at  its  Ensley.  .\la..  plant.  Improvements 
in  the  power  house  at  the  plant  will  also  be  made. 


The    Direct   Steel    Process   Company.   San   Jose.   Cal..   now 
operating  a  temporary  plant  at  .Manieda.  Cal..  is  planning  for 


The  .Xmerican  Steel  &  Wire  Company.  Donora.  Pa.,  is 
arranging  for  the  relining  of  one  of  the  furnaces  at  its  local 
works,  and  has  production  under  way  at  the  other  furnaces 
at  "the  works,  as  well  as  the  two  furnaces  at  its  Schoenberger 
plant.  , 

The  Republic  Iron  &  Steel  Company.  Youngstown.  Ohio. 
is  increasing  operations  at  its  plant  and  has  recently  reopened 
two  of  the  merchant  bar  mills  following  an  extended  shut 
down  . 
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It  was  recently  announced  by  F.  J.  Griffith,  that  he  had 
resigned  his  position  as  vice-president  and  general  manager 
of  the  Central  Steel  Co.,  Massillon,  Ohio,  but  will  remain 
with  the  company  in  his  former  capacity,  having  been  re- 
elected at  a  recent  meeting,  when  the  reorganization  of  the 
company  was  completed.  The  reorganized  company  with 
the  consolidation  of  formerly  affiliated  units,  has  practically 
the  same  organization  as  before.  R.  E.  Bebb  is  chairman 
and  president;  C  E.  Stuart,  secretary  and  treasurer;  C.  C. 
Chase,  vice-president,  and  in  charge  of  the  sheet  division; 
H.  M.  Naugle,  vice-president  and  in  charge  of  the  metal  lum- 
ber division;  J.  iM.  S'chlendorf,  manager  of  sales;  B.  F.  Fair- 
less,  superintendent  and  manager  of  operations:  Myron 
Phillips,  manager  of  production;  E.  C.  Smith,  chief  metal- 
lurgist, and   George  D.   Evans,  purchasimg  agent. 

V  V 

John  Stambaugh,  director  of  the  Brier  Hill  Steel  Co., 
Youngstown,  Ohio,  leaves  this  week  for  a  tour  of  Europe, 
accompanied  bv  his  wife. 

V  V 

At  the  annual  meeting  of  the  stockho'Idcrs  of  the  Inland 
Steel  Co.,  Chica;go,  on  January  31,  former  directors  being 
re-ekcted  and  Gordon  Battelle,  Columbus,  Ohio,  was  elected 
director  to  succeed  Elias  Colbert,  deceased.  L.  E.  Block 
and  P.  D.  Block  were  re-elected  chairman  of  the  board  and 
president  respectively.  Edward  M.  Adams  was  elected  first 
vice-president  to  succeed  G.  H.  Jones  and  W.  D.  Truesdale 
was  elected  secretary-treasurer.  Other  vice-presidents  are 
H.  C.  Jones,  E.  J.  Block,  J.  W.  Lees,  W.  C.  Carroll  and 
Charles  R.  Riobinson,  the  latter  two  having  recently  become 
affiliated  with  the  company,  as  previously  announced  in  these 
columns. 

V  V 

On  February  14th,  the  George  Washington  sailed,  carrying 
on  board  Mr.  Evans  F.  Jones,  of  the  Morgan  Construction 
Co.,  Worcester,  Mass.,  for  a  64  days'  trip  to  the  Holy  Land 
and  other  points  of  interest. 

V  V 

It  was  announced  that  A.  J.  McFarland,  general  manager, 
Portsmouth  O'hio  Works,  Wheeling  Steel  Corporation,  has 
been  transferred  to  the  Steubenville,  Ohio,  works  of  the  com- 
pany and  will  assume  the  position  of  general  manager  made 
vacant  by  the  resignation  of  G,  B.  LeVan.     G,  W.   Moore, 


general  superintendent,  Portsmouth  works,  has  been  pro- 
moted to  the  position  of  general  manager,  vice  Mr,  Mc- 
Farland. V'        V 

Walter  H.  Radtke,  has  resigned  his  position  as  chief  metal- 
lurgist of  the  Canton  Sheet  Steel  Co.,  Canton,  Ohio,  which 
position  he  held  for  several  years. 

V  V 

R.  M.  Wolvin,  president  of  the  British  Empire  Steel  Corp., 
has  returned  to  Halifax,  N.  S.,  from  England  and  Germany, 
where  he  had  gone  in  an  endeavor  to  sell  ore  from  the 
corporations  Wabana  mines. 

V  V 

At  the  recent  annual  meeting  of  the  Alan  Wood  Iron  & 
Steel  Co.,  Philadelphia,  Richard  G.  Wood  was  elected  .presi- 
dent of  their  company.  Jonathan  R.  Jones  was  elected  vice- 
president.  Both  Mr.  Wood  and  Mr.  Jones  had  occupied  these 
positions  for  many  years  prior  to  1920.  Two  years  ago  they 
resigned  these  offices  and  Mr.  Wood  retired  with  the  title 
of  chairman  of  the  board  and  Mr.  Jones  as  vice-president. 

V  V 

G.  B.  Wickersham,  secretary-treasurer  and  director  of 
the  Muncie  Steel  Supply  Co.,  has  organized  G.  B.  Wicker- 
sham &  Co.,  Pittsburgfh,  to  handle  scrap  and  to  conduct  a 
general  business  as  auctioneers,  appraisers,  and  liquidators. 
He  will  continue  with   the  Muncie  Co. 

V  V 

W.  W.  Scott,  Jr.,  has  announced  his  resignation  as  man- 
ager of  sales  in  St.  Louis  for  Carnegie  Steel  Co..  the  Illinois 
Steel  Company,  and  the  Tennessee  Coal,  Iron  &  Railroad 
Co.,  to  become  general  mana.ger  of  sales  for  the  Laclede 
Steel  Co.,  St.  Louis,  effective  February  1,  has  been  affiliated 
with  one  or  more  of  the  United  States  Steel  Corporation's 
subsidiary  companies  since  its  formation  in  1901. 

V  V 

.\ndrew  H.  Green,  Jr.,  vice-president  in  charge  of  opera- 
tions of  the  Solvay  Process  Co.,  Syracuse,  N.  Y.,  has  been 
elected  president  of  the  Charcoal  Iron  Co.,  of  America,  De- 
troit, succeeding  F.  W.  Blair  wlio  resigned  at  a  meeting 
held  January  26.  Mr.  Green  was  manager  of  the  Solvay 
plant  in  Detroit  up  to  two  years  ago,  when  he  was  trans- 
ferred to  the  headquarters  of  the  company.  He  was  active 
in  civic  affairs  at  Detroit  and  was  decorated  by  the  French 
government  for  his  services  during  the  world  war. 
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Eric  A.  Lof,  of  the  power  and  mining  department  of  the 
General  Bleetric  Co.,  Schenectady,  has  had  the  Royal  Order 
of  Vasa  conferred  upon  him  by  the  King  of  Sweden  in  rec- 
ognition of  meritorius  services  rendered  his  government. 
The  decoration  is  similar  to  those  of  the  legion  of  honor  in 
France.  Mr.  Ivof  spent  several  months  in  Europe  last  year 
for  the  International  General  Electric  Co.,  partly  in  connec- 
tion with  the  extensive  power  transmission  and  railway  elec- 
trification projects  which  are  being  planned  by  the  Swedish 
government. 

V  V 

Charles  Russ  Rjichards.  dean  of  engineering  and  director 
of  the  experimental  engineering  department  of  the  University 
of  Illinois,  has  been  elected  president  of  the  Lehigh  university. 
He  succeeds  Dr.  Henry  S.  Drinker,  now  president  emeritus 
at  Lehigh.  Mr.  Richards  is  a  graduate  of  Purdue  University 
and  a  post-graduate  of  Cornell. 

V  V 

C.  C.  Boyden  who  has  in  the  past  been  identified  wilh 
various  pig  iron  interests  in  the  East  and  who  for  the  past 
four  months  has  been  on  the  Pacific  coast,  has  returned  and 
is  temporarily  at  Foxboro,  Mass. 

V  V 

Joseph  W.  Powell,  president  of  the  Emergency  Fleet  corpo- 
ration is  to  resume  his  former  position  as  head  of  the  Fore 
River  Works,  Quincy,  Mass.,  of  the  Hcthlehcm  Shii)1)uildinH 
Corp..  Ltd.,  when  he  retires  March  4. 

V  V 

Louis  F.  Vonier,  formerly  manager  of  the  Milwaukee 
otifice  of  the  Federal  Bridge  &  Structural  Co.,  Waukesha, 
Wis.,  has  become  associated  with  the  Central  Steel  Co.,  Mas- 
sillon,  O.,  as  district  representative  of  its  National  Pressed 
Steel  Division  in  the  Wisconsin  territory.  Mr.  Vonier  has 
opened  new  offices  at  412  Matthews  Building,  Milwaukee. 

V  V 

W.  Wallace  McKaig  recently  succeeded  W.  J.  Muncaster 
as  vice-president  and  general  manager  of  the  Cumberland 
Steel  Co.,  Cumberland,  Md.  Mr.  Lancaster  has  retired.  J. 
F.  Stark  was  elected  secretary  and  treasurer  of  this  company 
to  succeed  .Mbert  Charles,  who  remains  a  director  of  the  com- 
pany.    Merwin  McKaig  is  president  of  the   company. 

V  V 

William  J.  Morris,  for  many  years  assistant  treasurer 
Youngstown  Sheet  &  Tube  Co.,  Youngstown,  Ohio,  has  been 


ek-cted  treasurer,  succeeding  Richard  Garlick,  resigned  be- 
cause of  ill  health.  Mr.  Garlick  has  been  treasurer  vir- 
tually since  the  formation  of  the  company  in  1900.  He  con- 
tinues on  the  hoard  of  directors.  For  the  past  few  years 
Mr.  Morris  has  been  practically  acting  treasurer.  Walter  E. 
Meub,  secretary  of  the  company  and  assistant  to  President 
James  A.  Campbell,  was  elected  assistant  treasurer,  Mr.  Gar- 
lick is  now  in  the  south  with  his  family. 

V  V 

Jvobert  A.  McDonald,  for  a  number  of  years  manager. 
Crescent  Works,  Crucible  Steel  Company  of  America,  Pitts- 
burgh, has  been  promoted  to  the  position  of  general  superin- 
tendent of  all  planls  of  the  company  with  headquarters  in 
Xcw   York. 

V  V 

Albert  H.  Whipple,  superintendent  of  the  Whitin  Machine 
Works,  Whitinsville,  Mass.,  recently  received  a  50-year  serv- 
ice pin  from  the  company.  Mr.  Whipple  entered  the  employ 
of  tlie  Whitin  company  in  January,  1872,  as  an  apprentice 
and  has  had  an  unbroken  service  record  ever  since. 

V  V 

Frederick  K.  Vial,  chief  engineer  Grifiin  Wheel  Co.,  Chi- 
cago, and  consulting  engineer  for  the  Association  of  Manu- 
facturers of  Chilled  Car  Wheels,  will  represent  the  last  named 
organization  at  the  convention  of  the  International  Railway 
.Association  at  Milan,  Italy,  April  18  to  30.  This  will  be  the 
first  meeting  of  the  International  .'\ssociation  to  be  held  since 
1910.  This  body  ordinarily  convenes  every  five  years,  but 
the  last  meeting,  which  was  scheduled  to  take  place  at  Berlin 
in   1915,  was  abandoned  ior  obvious  reasons, 

V  V 

James  E.  McKenny,  for  the  past  year  superintendent  of 
the  Standard  Spring  Co.,  Cleveland,  has  resigned  and  returned 
to  his  former  home  in  Worcester,  Mass.  Before  going  to 
Cleveland  he  was  located  in  Youngstown,  O.  Mr.  McKenny 
is  a  former  superintendent  of  the  National  works  of  the 
Wickwire  Spencer  Steel  Corp.,  Worcester,  and  at  one  time 
was  production  manager  for  the  former  Morgan  Spring  Co. 
of  that  city,  now  the  oMrg-an  works  of  the  Wickwire  Spencer 
Steel  Corji. 

V  V 

James  B.  Taylor  has  been  elected  a  director  of  the  .Amer- 
ican Can  Co..  succeeding  the  late  Henry  R.  Hoyt. 
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REVIEW  OF  COKING  IN  THE  PACIFIC  NORTHWEST. 

The  coking  industry  of  the  Pacific  Northwest  during  1921 
has  reflected  the  general  industrial  depression  common  to 
the  country  at  ilarge.  In  addition,  a  strike  of  coal  miners, 
which  began  in  March  and  which  is  still  in  force  in  most  of 
the  commercial  mines  in  Washington,  cut  off  the  production 
of  coal  in  the  principal  coke  producing  county  in  the   state. 

Practically  all  of  the  coke  produced  in  Washington,  which 
is  the  only  state  west  of  the  Rockies  manufacturing  coke, 
conies  from  an  area  Closely  tributary  to  Seattle  and  Taconia. 
Taooma  is  the  county  seat  of  Pierce  county,  which  contains 
the  principal  deposits  of  coking  coal  and  is  the  leading  pro- 
ducer of  beehive  coke.  The  total  number  of  beehive  ovens 
in  the  state  is  494;  of  these,  409  are  in  Pierce  county,  the  re- 
mainder are  in  King  and  Skagit  counties,  not  far  from  Seattle. 
The  Seattle  Lighting  Company  has  a  battery  of  S  by-product 
ovens  of  the  Klonne  type  made  by  the  National  Chamber 
Oven  Company  'consisting  of  20  chambers.  This  plant  oper- 
ates primarily  to  produce  illuminating  gas  for  the  city  of 
Seattle,  but  its  coke  is  used  for  domestic,  industrial,  and, 
to  a  lesser  degree,  for  metallurgical  purposes.  All  of  the 
beehive  coke  is  sc^ld  for  foundry  and  smelter  use. 

Much  Coal  of  Fine  Sizes  is  Produced  Which  Necessitates 
Washing. 

In  normal  times  all  of  the  coke  produced  is  made  from 
washed  coal.  The  seams  producing  coking  coal  are  badly 
folded  and  stand  at  hi,gh  angles,  making  mining  difficult  aijd 
causing  large  percentages  of  fine  sizes.  Admixture  of  foreign 
material,  both  from  the  seams  and  from  the  enclosing  walls, 
make  washing  necessary.  Jigging  has  been  the  customary 
practice,  but,  recently,  considerable  attention  has  been  given 
to  the  preparation  of  fine  sizes  on  concentrating  tables,  with 
very  encoirraging  results.  The  ash  content  of  Washington 
coke  is  rather  higher  than  in  other  localities  because  of  the 
naiture  of  the  coal  and  the  difficulty  in  economically  receiving 
the  intimately  mi.xed  ash-bearing  constituents.  On  the  other 
hand,  sulphur  and  phosphorus  are  low. 

The  great  bulk  of  the  beehive  product  is  48-hour  coke, 
although  72-hO'Ur  and  96-hour  coke  are  also  produced.  The 
former  is  almost  entirely  used  in  nonferrous  smelting;  the 
latter  in  foundry  use.  The  by-product  coke  made  at  Seattle 
is  a  24-hour  product. 

Market  For  the  Product  and  Recent  Production  Figures. 

The  market,  in  the  past,  has  extended  from  California  to 
.\laska.  The  coast  district  of  British  Columbia,  until  the 
establishment  of  the  by-product  plant  at  .\nyox,  absorbed  a 
considerable  portion  of  the  production.  The  coipper  smelter 
at  Tacoma  took  a  large  bulk  of  the  production,  but  the  closing 
down  of  the  blast  furnaces  in  favor  of  reverberatory  smelt- 
ing eliminated  a  large  market.  The  blast  furnaces,  however, 
are  being  put  into  service  again  and  there  is  a  revival  of  the 
•market  for  Pierce  county  coke. 

It  is  estimated  that  the  plants  in  the  state  have  a  poten- 
tial or  possible  production  of  300,000  tons  annually.  This 
production  has,  however,  never  been  reached.  The  banner 
year  was  in  1915  when  136,522  tons  were  produced.  The  1920 
production  was  69.282  tons,  made  up  of  42,998  tons  from  the 
beehive  ovens  and  26.284  tons  from  the  by-product  ovens. 
Production  figures  for  the  past  few  years  are  indicated  below: 


Coke  Total  Value  Value  of  Coke     Yield 

Produced*  of  Coke  at  Ovens  of  Coal  in 

Year.       (Short  Tons)  at  Ovens.  Per  Ton.  Coke(%) 

1915  136,552  $  700,832  $5.13  66.7 

1916  125,872  662,987  5.27  61.5 

1917  122,758  906,318  7.38  59.7 

1918  123,788  1,092,741  8.18  60.6 

1919  65,332  565,356  8.65  63.4 

1920  69,282  361,582  5.22  60.5 

1921  3,600- 


*  Includes  by-product  coke. 
-  Eleven  months  only. 

The  production   of  by-product  coke  is   shown  by  the   fol- 
lowing figures: 

Coke  Produced* 

Year.                  (Short  Tons)  Value  of  Coke. 

1914  6,751  $  36,585.66 

1915  30,182  158,472.17 

1916  29,516  159,321.69 

1917  27,635  210,857.81 

1918  26,260  233,815.01 

1919  26.955  207,116.23 

1920  26.284  162,309.92 
1921-                      22.257  154,136.91 


*  Does  not  include  breeze. 
-Eleven  months  only. 

The  total  1921  production  will  be  the  lowest  in  many  years. 
The  output  of  bynproduct  coke  has  been  fairly  steady  because 
of  the  fact  that  the  plant  is  primarily  operated  for  gas.  The 
production  up  to  December  first  is  22.257  tons,  valued  at 
$154,136.91.     The  average  value  has  been  $6,925  per  ton. 

The  beehive  production  this  year  has  practically  all  come 
from  the  ovens  of  the  Wilkeson  Coal  &  Coke  Company.  .\ 
small  quantity  of  72-hour  coke  for  foundry  purposes,  amount- 
ing to  1,272  tons,  was  produced  during  the  first  three  months 
of  the  year  at  Wilkeson,  and  some  700  tons  is  reported  to 
have  been  produced  by  the  Western  Coke  and  Collieries  Co., 
at  Snoqualmie.  Resumption  of  blast  furnace  copper  smelting 
at  the  Tacoma  Smelter,  a  subsidiary  of  the  American  Smelters 
Securities  Co.,  has  revived  the  production  of  48-hour  coke 
during  the  past  three  months.  The  total  production  of  bee- 
hive coke  for  1921"  is  estimated  to  be  4.200  short  tons.  The 
average  value  of  this  coke  at  the  ovens  is  approximately  $8,00 
per  ton. 

The  grand  total  for  the  state  for  1921  is  estimated  to  be 
30,000  tons  valued  at  approximately  $210,000. 

The  Coast  district  of  British  Columbia  has  two  coking 
establishments, — one,  a  beehive  plant  at  Union  Bay,  owned 
by  the  Canadian  Collieries  (Dunsmuir)  Lt.,  consisting  of  200 
ovens:  the  other  a  by-product  plant,  erected  in  1918,  by  the 
Granby  Consolidated  Mining,  Smelting  and  Power  Co.,  at 
.'Xnyox,  which  consists  of  a  battery  of  30  ovens  made  by  the 
Gas  and  Coke  Company  of  America. 

The  reported  figures  of  production  for  the  Anyox  plant  in 
1910  are  as  follows:  Coke  77,290  short  tons;  breeze,  2.896 
tons;  tar,  757,057  imperial  gallons;  sulphate  of  ammonia 
2.465,995  pounds;  benzol,  121,734  gallons;  gas,  1,203,954  cubic 
feet.  No  definite  figures  for  1921  are  yet  available,  but  it  is 
believed  that  the  coke  production  for  this  year  will  be  equal 
to  that  of  1920. 
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The  Homestead  Sales  Corporation,  242 
Lafayette  Street.  New  York  City,  has 
been  appointed  sole  agent  for  Xew  York 
and  vicinity  by  the  General  Specialty 
'Company  of  Buffalo.  X.  Y..  in  the  sale 
of  their  Torpedo  Tube  Cleaner  and  other 
boiler  cleaning  specialties. 


and  was  fully  described  in  a  paper  read 
before  ithe  last  meeting  of  the  American 
Gas  Association  in  Chicago. 


The  Orton  &  Stcinbrenner  Co.  of  Chi- 
cago, manufactures  locomotive  cranes, 
clam  shell  and  orange  peel  buckets,  have 
made  arrangements  with  the  F.  C.  Rich- 
mond Machinery  Co.,  117  West  Second 
Street,  Salt  Lake  City.  Utah,  to  represent 
them. 


The  Philadelphia  oflfice  of  the  Hauck 
Manuf.^cturing  Company,  manufacturers 
of  porta'ble  oil  burners,  torches,  furnaces. 
etc.,  has  been  moved  to  1726  Sansoni 
Street.     Bell  'Phone.  Spruce  5626. 


Stone  &  Webster,  Inc.,  of  Boston,  have 
awarded  a  contract  to  The  \J.  G.  L  Con- 
tracting Company,  of  Philadelphia,  for 
the  installation  of  two  11'  sets  of  car- 
bnretted  water  gas  apparatus  at  the  plant 
of  the  Fall  River  (Mass.)  Gas  Works 
Company.  These  sets  will  be  of  the  V. 
G.  L  cone  top  type,  hydraulically  equip- 
ped and  will  have  the  other  modern  ap- 
purtenances usual  to  U.   G.   I.  apparatus. 


The  Rathbun  Jones  Engineering  Com- 
pany, Toledo,  Oliio.  has  appointed  the 
Ingersoll-Rand  Company,  New  York. 
General  Sales  Agent  for  Raflvbun  Gas 
Engines.  The  large  sales  organization 
and  service  department  of  the  Ingersoll- 
Rand  Company,  combined  with  the  fact 
that  gas  engines  are  used  to  drive  com- 
pressors, pumps  and  other  machinery 
which  it  manufactures,  places  it  in  a  posi- 
tion to  serve  better  the  users  of  gas  en- 
gines and  other  machinery. 


The  Skinner  Engine  Co.  of  Erie  Pa. 
has  appointed  .Andrcws-Bradshaw  Co., 
812  B.  F.  Jones  Building.  Pittsburgh.  Pa., 
as  their  representatives  in  tlie  Pittsburgh 
district. 


The  Koppers  Company  lias  been  award- 
ed a  contract  for  a  "Koppers  Liquid  Puri- 
fication Plant"  by  the  Battle  Creek  Gas 
Company  of  Battle  Creek,  Michigan. 
This  plant  will  have  a  daily  capacity  for 
handling  2,000.000  feet  of  gas  per  day. 
.A  plant  of  this  type  has  been  in  operation 
for  over  a  year  at  Seaboard  By-Product 
Coke  Company's  Plant  at  Jersey  City. 
N.  J.,  handling  the  entire  gas  output 
of  that  company,  amounting  to  over 
25.000.000  feet  of  gas  per  day.  This 
method  of  gas  purification  has  aroused  a 
great  deal  of  interest  in  the  gas  industry 


The  George  J.  Hagan  Company  have 
recently  nponcd  up  offices  in  Detroit  and 
Chicago.  '11k>  Detroit  office  is  located 
at  515  Murpliy  Building  and  is  under  the 
management  of  Mr.  J.  Sandberg,  former- 
ly of  the  General  Electric  Co.  The  Chi- 
cago office  is  located  at  20  E.  Jackson 
Boulevard  and  is  under  the  management 
of  Mr.  V.  .\.  Hain.  formerly  of  the  Gen- 
eral Electric  Co. 


The  Hardiiigc  Company  announces  the 
acquirement  of  the  Coal  Washing  Equip- 
ment as  formerly  supplied  by  the  Coal 
\\  ashing  Equipment  Co.  of  Pottsville, 
I'a.  The  equipment  consists  mainly  of 
the  James  .Automatic  Balanced  Jig,  a  de- 
vice which  has  been  developed  and  in- 
stalled in  a  number  of  anthracite  and 
bituminous  collieries  for  reducing  the  sul- 
phur and  non-combustible  content  of 
coals  ranging  in  sizes  from  '4  in-  to  4  in. 


The  Wilson  Welder  &  Metals  Com- 
pany. Inc.,  132  King  Street,  Xew  York. 
.\'.  Y.,  manufacturers  of  .\rc  Welding 
Machines  and  Certified  Welding  Metals 
announces  the  appointment  of  Mr.  R.  L. 
White  as  District  Manager  in  charge  of 
Detroit  Office,  809  Kresge  Building.  De- 
troit.  Michigan. 


The  Bario  Metals  Corporation  of  Xew 
York  City  will  commence  at  once  the  in- 
stallation of  a  new  .Alloy  Melting  Depart- 
ment including  the  installation  of  Four 
(■i)  Electric  Melting  Furnaces.  The  con- 
tract for  the  complete  melting  department 
has  been  awarded  to  F.  J.  Ryan  &  Com- 
pany (Industrial  Furnace  Engineers'). 
Wesley   Building.  Philadelphia.  Pa. 


Mr.  C.  L.  Dewey,  who  was  associated 
with  Mr.  Carl  .Akeley  in  the  invention 
and  development  of  the  Cement-Gun,  and 
who  has  done  e.xtensive  Cement-Gun  con- 
tract work  under  the  names  of  the  Dewey 
Cement-Gun  Company  and  the  Traylor- 
Dewey  Contracting  Co.  of  .Allentown.  Pa.. 
has  joined  ithe  forces  of  the  Cement-Gun 
Construction  Co.  of  Chicago,  111. 
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The  Treadwell  Engineering  Company 
of  Easton,  Pa.,  have  issued  a  new  cata- 
logue illustrating  and  describing  their 
"Stoover"  line  of  Pipe  Machines.  These 
machines  are  used  for  cutting  and  thread- 
ing steel  and  wrought  iron  pipe.  For 
those  engaged  in  this  sort  of  work,  this 
catalogue  will  prove  very  interesting. 


The  Deschancl  Engineering  Corpora- 
tion of  New  York  have  just  issued 
"Deschanel  Cableway  Bulletin,"  which 
describes  their  single  line  cable  way  used 
for  material  handling  purposes.  It  will 
be  sent  upon  request. 


The  .Mabama  Company,  Birmingham, 
have  issued  ^n  attractive  booklet  in  ref- 
erence to  their  machine  cast  pig  iron. 
This  method  of  liandling  pig  iron  is  new 
in  the  soutli;  this  company  being  the 
only  one  to  produce  foundry  iron  in  this 
way.  

The  I'law  Knox  Company  have  issued 
a  circailar  on  Knox  Patented  Damper 
Type  Water  Cooled  Reversing  Valves. 
Many  of  these  valves  are  now  in  use  in 
the  steel  plants. 


The  L"ehling  Instrument  Company  of 
Xew  York  have  recently  issued  two  bul- 
letins which  they  say  are  the  beginning 
of  a  series  on  Combustion  and  the  Cost 
of  Power.  The  first.  Xo.  220,  is  entitled 
"Magnitude  of  the  Power  Plant's  Chim- 
ney Loss"  and  considers  the  importance 
of  the  loss  through  excess  air.  .\n  in- 
teresting diagram  is  given  showing  the 
relative  amounts  of  CO:;,  excess  air.  and 
heat  loss.  It  emphasizes  the  importance 
of  apparatus  for  indicating  and  recording 
this  condition.  No.  221  is  entitled  "Re- 
lation Between  CO=  and  Money  Wasted 
up  the  Chimney."  It  contains  a  number 
of  interesting  tables  and  diagrams  illus- 
trating the  money  to  he  saved  by  increas- 
ing the  percentage  of  CO=  in  the  flue  gas. 


A  new  recording  thermometer  is  de- 
scribed in  an  8-page  folder  recently  is- 
sued by  the  .American  Steam  Gauge  & 
Valve  Mfg.  Co.  of  Boston.  Mass.  This 
recorder  is  actuated  by  different  meth- 
ods, saturated  vapor  expansion,  inert  gas, 
or  other  liquids,  depending  on  the  pur- 
pose for  which  it  is  to  be  used. 


"Water  Tube  Boilers"  is  the  title  of  a 
new  catalog  recently  issued  by  the 
Springfield  Boiler  Co.,  Springfie'ld.  III. 
It  describes  the  equipment  manufactured 
by  this  company  and  the  advantages  of 
it.  The  catalog  is  very  well  printed  and 
shows  to  good  advantage  the  numerous 
illustrations  of  the  Springfield  boiler  ap- 
plied to  furnaces,  both  in  the  form  of  half- 
tones and  line  cuts  of  blue  prints.  24 
pages  and  cover,  size  8^x11. 


The  Mines  Branch  of  the  Canadian 
Department  of  Mines  has  recently  pub- 
lished their  Bulletin  Xo.  564  on  the 
"Preparation,  Transportation,  and  Com- 
bustion of  Powdered  Coal"  by  John  Bliz- 
ard.  This  considers  the  various  phases 
of  the  subject,  the  makes  of  equipment 
available,  the  results  which  have  been 
obtained. 
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Present  Day  Iron  Blast  Furnace  Practice 

The  Metallurgist  Rather  Than  the  Engineer  Is  Now  the  Man  on 
Whom  the  Present  and  Future  Progress  in  Iron  Blast  Furnace 
Practice  Depends. 

By  RALPH  H.  SWEETSER 
Asst.  to  the  Vice  President,  American  Rolling  Mill  Co.,  Columbus,  Ohio 


THE  present  state  of  iron  blast  furnace  practice  is 
metallurgical  rather  than  mechanical ;  the  tendency 
is  toward  intensity  rather  than  toward  extension. 
The  engineers  have  built  blast  furnaces  big  enough  and 
strong  enough,  and  have  furnished  accessory  equipment 
ample  and  accurate  enough  for  the  present  state  of  the 
art,  but  the  metallurgical  side  has  been  too  much  neg- 
lected ;  the  metallurgist,  rather  than  the  engineer,  is  now 
the  man  on  whom  the  present  and  future  progess  in  iron 
blast  furnace  practice  depends.  The  mining  engineer 
has  produced  great  tonnages  of  iron  ores,  and  has  kept 
ahead  of  the  demands  for  quantity ;  now  the  metallurgist 
is  improving  the  chemical  and  physical  qualities  of  this 
product  by  ore-dressing  and  other  forms  of  beneficia- 
tion.  For  a  generation  or  more,  the  principles  of  me- 
chanics have  had  most  influence  in  the  advancement  of 
iron  blast  furnace  practice ;  attention  now  is  given  more 
to  the  principles  of  nietalhu-g}-,  chemistry,  and  ore- 
dressing. 

This  metallurgical  progress  is  taking  place  inside  and 
outside  the  blast  furnace.  The  two  great  determining 
factors  of  the  inside  operation  are  the  slag,  and  the  rate 
of  combustibility  of  the  coke.  Outside  the  furnace,  the 
progress  is,  and  will  be,  along  the  lines  of  more  careful 
mixing  of  ores  and  iron  bearing  materials,  in  the  sizing 
and  washing  of  limestone,  and  in  the  character  and 
structure  of  by-product  coke. 

Blast  Furnace  Slags. 

There  have  been  almost  as  many  theories  on  blast 
furnace  slags  as  there  have  been  blast  furnace  superin- 
tendents; and  many  of  the  theories  were  wrong,  includ- 
ing my  own. 

During  the  war  several  important  articles  on  blast 
furnace  slag  were  published,  perhaps  the  most  notable 
paper  being  the  one  by  Alexander  F.  Feild  and  P.  H. 
Royster.f  This  article  did  not  at  the  time  receive  the 
attention  and  discussion  it  deserved.  Blast  furnace  men 
for  the  most  part  were  concerned  in  keeping  their  plants 
in  operation  so  as  to  produce  the  greatest  possible  ton- 
nage, and  there  was  practically  no  time  for  technical  dis- 
cussion. The  paper,  however,  was  of  the  utmost  im- 
portance  and   brought   out   some    facts   contrary   to   the 


♦Reprinted  from  March  issue  of  Mining  and  Metallurgy. 

tSlag  Viscosity  Tables  for  Blast  Furnace  Work.  Abstract 
in  Trans.  (1918)  58.  630.  Complete  paper  published  by  Bureau  of 
Mines  as  Tech.  Paper  187. 

top.  cit.  . 


general  opinion  of  blast  furnace  superintendents.  These 
facts  are  now  receiving  more  attention  and  the  informa- 
tion developed,  and  since  proved,  is  being  used  in  bur- 
dening the  furnaces.  Mr.  Feild  and  those  discussing  his 
paper  pointed  to  the  fact  that  the  information  obtained 
by  the  u^e  of  pyrometers  in  determining  the  melting 
points  of  slag  had  helped  to  remove  "another  element 
of  uncertainty  from  the  problems  encountered  in  prac- 
tice." On  the  other  hand,  this  same  paper  had  some 
imaginings  that  did  not  sound  at  all  practical,  though  it 
might  be  hard  to  disprove  them. 

Investigations  are  being  carried  on  to  determine  the 
value  of  certain  slags  with  special  reference  to  the  effect 
on  the  blast  pressure  and  the  general  working  of  the 
furnace.  The  development  of  the  investigations  of  the 
Bureau  of  Mines  and  of  individual  blast  furnace  men 
have  upset  many  of  the  preconceived  notions  regarding 
the  causes  of  blast  pressure  inside  the  furnace.  Further 
investigations  are  necessary  to  demonstrate  fully  the  re- 
lation between  the  composition  of  the  blast  ftu'nace  slag 
and  "the  sticking  and  slipping"  of  furnaces. 

Slag  Disposal. 

The  demand  for  crushed  slag  as  an  aggregate  in  con- 
crete work  has  increased  in  recent  years,  and  much  blast 
furnace  slag  now  goes  to  the  crushing  and  screening 
plants.  Dry  pits  and  steam  shovels  are  generally  used. 
Where  granulating  pits  are  still  in  use,  it  is  usual  to 
throw  the  wet  slag  into  piles  in  freezing  weather  so  as 
to  drain  ofl^  as  much  water  as  possible  before  loading  it 
into  railroad  cars. 

Fluxes. 

More  attention  is  now  being  given  to  the  question  of 
blast  furnace  fluxes  than  was  formerly  considered  neces- 
sary. As  a  rule,  the  limestone  for  blast  furnace  flux  was 
chosen  on  the  basis  of  cost  and  freight  rather  than  qual- 
ity, providing  the  carbonates  of  lime  and  magnesium 
made  up  about  95  per  cent  of  the  stone.  Open  hearth 
slag  is  being  more  commonly  used,  especially  where  the 
blast  furnace  is  a  part  of  the  steel  plant.  This  is  an 
economical  way  to  dispose  of  the  slag  from  the  open 
hearth,  and  it  is  a  double  source  of  metal  and  flux  for 
the  blast  furnace.  In  some  cases  the  amount  used  is  10 
per  cent  of  the  total  ore  burden. 

Magnesia  is  still  a  subject  of  controversy,  but  Mr. 
Feild's  statementt  that  "Magnesia  (MgO),  as  such, 
does  not  affect  the  slag  viscosity  so  far  as  practical  pur- 
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poses  are  concerned  unless  present   in  amounts  greater 
than  8  per  cent,"  is  being  more  generally  believed. 

The  size  of  the  flux  stone  still  varies  greatly  in  Ihc 
different  iron  making  districts,  and  in  many  cases  the 
run  of  the  quarry  crusher  is  accepted  providing  the  fine 
dust  is  screened  out.  It  is  generally  conceded  that  a 
closer  sizing  of  the  flux  stone  is  beneficial ;  and  where 
"ballast  size"  stone  has  been  used  there  has  been  some 
improvement  in  the  working  of  the  furnace.  At  a  few 
large  quarries  the  stone  is  washed  after  crushing. 

Coke. 

"Poor  coke"  has  been  the  excuse  of  many  a  blast  fur- 
nace superintendent  for  the  poor  work  of  his  furnace, 
and  no  doubt  the  poor  coke  deserved  much  of  the  blame ; 
but,  what  is  poor  coke?  The  Coke  Committee  (Commit- 
tee D-6)  of  the  American  Society  for  Testing  Materials 
is  even  sending  out  questionnaires  asking  "What  is 
coke?"  Some  of  the  poorest  looking  coke,  judging  by 
the  old  standards  of  luster,  "longer  fingers,"  and  "metal- 
lic ring,"  now  gives  the  best  results  in  the  blast  furnace. 

Exact  specifications  for  a  good  blast  furnace  coke 
have  not  yet  been  generally  accepted,  but  efforts  are 
being  made  to  find  standard  tests  for  determining  the 
value  of  by-product  cokes.  The  rate  of  combustibility 
has  been  brought  forward  by  Herman  Rrassert  and 
others  as  one  of  the  determining  factors  of  the  value  of 
a  coke.  Resistance  to  breakage  is  another  quality  that 
is  desirable,  for  which  a  proper  comparative  test  is  being 
sought.  Much  valuable  work  in  this  direction  is  being 
carried  on  by  J.  C.  Barrett,  at  the  Ohio  works,  in  his 
tumbling-barrel  tests. 

It  is  claimed  that  if  the  blast  furnace  men  can  specify 
a  certain  rate  of  combustibility,  and  a  certain  toughness 
of  structure,  it  will  be  possible  for  the  by-product  coke 
oven  man  to  produce  the  desired  coke  by  carefully  mix- 
ing the  coals  for  the  ovens. 

There  is  need  for  much  research  work  to  determine 
the  proper  structure  and  size  of  cokes,  and  to  find  the 
right  descriptive  terms  for  the  relative  values  of  the  dif- 
ferent cokes. 

Standardization. 

The  indictment  brought  against  "the  management" 
in  general,  in  reference  to  the  responsibility  for  the  ex- 
cessive waste  in  industry,  has  been  well  deserved  by  the 
management  of  most  blast  furnaces.  Until  i\'cently 
there  was  not  even  an  approximate  rule  for  determining 
the  tonnage  that  should  be  produced  by  a  blast  furnace 
of  a  given  size.  In  many  cases  the  coke  per  ton  of  pig 
iron  at  one  furnace  was  compared  with  the  coke  per  ton 
of  iron  at  other  furnaces  without  any  reference  to  the 
quality  of  the  cokes  used  or  to  their  contents  of  fixed 
carbon. 

The  rule  for  rating  the  capacities  of  blast  furnaces 
adopted  by  the  Southern  Ohio  Pig  Iron  and  Coke  As- 
sociation (published  in  the  trade  journals)  is  based  on 
the  burning  of  a  certain  amount  of  a  "base"  coke  in  a 
given  time  (60  lb.  coke  per  cu.  ft.  of  working  volume  in 
24  hr.).  Starting  with  the  idea  that  there  is  a  definite 
rate  of  combustibility  for  a  standard  coke,  assuming  that 
the  ore  mixture  contains  51.50  per  cent  iron  in  the  nat- 
ural state,  and  arbitrarily  using  1,800  lb.  of  coke  per  ton 
of  basic  pig  iron  when  the  fixed  carljon  in  the  coke  is 
90  per  cent,  it  is  a  simple  jirocess  to  determine  what 
any  blast  furnace  should  make  under  varying  conditions 


of  coke,  ore  mixture,  and  percentage  of  silicon  in  the 
pig  iron. 

The  general  acceptance  of  a  standard  coke  is  the  next 
step  in  tlie  advancement  of  blast  furnace  practice.  The 
L'nited  .States  F)Urcau  of  Mines,  the  American  Society 
for  Testing  Alatcrials.  and  other  associations  are  trying 
to  solve  this  problem. 

In  the  operation  of  blast  furnaces,  especially  at  plants 
that  began  when  all  the  pig  iron  was  handled  by  man 
power  and  all  the  raw  material  was  hauled  in  buggies, 
there  has  been  too  great  a  delay  in  getting  rid  of  old 
customs  and  wasteful  practices  Many  of  us  can  remem- 
ber when  blast  furnaces  85  ft.  high  would  have  cover 
])lates  over  the  whole  length  of  the  casting  trough  at 
casting  time.  Even  after  the  adoption  of  tap-hole  guns, 
and  electric  drills  for  the  iron  notch,  and  casting  ma- 
chines in  place  of  pig  beds,  there  was  a  tendency  to 
retain  men  in  the  cast  house  in  greater  numbers  than 
needed.  This  was  because  there  was  no  accepted  stand- 
ard for  a  day's  work  around  the  blast  furnace.  The 
adoption  of  these  standards  may  seem  to  work  hard- 
ships, especially  in  times  of  unemployment,  but  it  is  the 
only  course  to  take  if  management  is  to  get  rid  of  the 
stigma  of  wasteful  practices. 

Beneficiation  of  Ores. 

The  physical  qualities  of  iron  ores  are  being  improved 
by  all  the  old  methods  of  washing  and  roasting  brought 
up  to  date,  such  as  sizing  (and  crushing  where  neces- 
sary), washing,  drying,  nodulizing.  sintering,  and  mag- 
netic concentration.  The  sintering  process  has  found  ex- 
tensive use  in  changing  flue  dust  into  a  desirable  blast 
furnace  raw  material ;  it  is  also  successfully  used  in  pre- 
paring fine  magnetic  concentrates  for  blast  furnace  use ; 
in  some  instances  the  sintering  process  is  used  instead  of 
roasting  for  the  removal  of  sulphur. 

Cost  Accounting. 

Great  progress  in  blast  furnace  practice  was  made  by 
the  adoption  of  the  Croxton  Efficiency  .System  with  its 
uniform  method  of  cost  accounting.  However,  this 
method  allowed  only  a  comparison  between  one  month's 
cost  and  another,  or  else  only  between  the  cost  at  one 
furnace  and  the  cost  at  another.  The  only  true  compari- 
son is  between  the  actual  cost  for  a  given  month  and 
the  standard  cost  for  that  month  at  that  particular  fur- 
nace. Such  a  comparative  cost  system  has  already  been 
put  into  use. 

The  pig  iron  cost  sheet  at  most  blast  furnace  plants 
has  been  used  almost  exclusively  as  a  guide  for  the  sales 
department,  and  it  has  seldom  been  used  in  its  other  and 
more  important  function,  as  a  guide  for  the  successful 
operation  of  the  blast  furnace  itself.  Such  a  cost  sheet, 
in  order  to  be  of  full  value  to  the  furnace  superintendent, 
must  be  promptly  available  and  approximately  accurate. 
When  the  actual  amounts  of  ore,  coke,  limestone,  labor 
and  supplies,  and  the  actual  costs  per  ton  of  pig  iron  for 
these  items,  are  compared  with  the  ideal  cost  for  that 
month,  using  standard  amounts  of  materials  and  labor 
at  the  actual  prices  and  wages,  then,  and  then  only,  is  a 
comparison  made  that  is  fair  to  the  management,  to  the 
superintendent,  and  to  the  furnace. 

In  spite  of  the  increased  cost  for  freight  in  assembling 
raw  materials  for  making  pig,  the  location  for  new  fur- 
naces seems  to  be  governed  more  by  the  market  for  the 
iron  than  by  the  location  of  any  of  the  raw  materials. 
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Electric   Motors   in    the   Steel  Plant 

Electric  Motor  Braking  as  Applied  in  a  Steel  Plant  to  Restrict 
Speed  of  Overhauling  Load,  to  Cause  Definite  Slow  Down  and  to 
Stop. 

By  GORDON  FOX* 

PART  11. 


DYNAMIC  braking  is  sometimes  employed  in  rail- 
way service  and  elsewhere,  either  with  or  with- 
out intent,  through  the  action  of  two  series 
motors,  connected  in  parallel.  Under  certain  condi- 
tions such  motors  will  act  in  series  to  set  up  a  braking 
current  through  their  local  circuit.  This  action  may 
be  best  considered  with  the  aid  of  the  simplified  dia- 
grams in  Fig.  5  a.b.c.  Fig.  Sa  shows  two  series  motors 
in  railway  service,  connected  in  series.  The  arrows 
indicate  the  direction  of  current  flow  and  armature 
counter-voltage.  If  the  reverse  switch  be  thrown  and 
the  main  drum  turned  to  a  parallel  position,  the  con- 
ditions are  as  shown  in   Fig.  5b.     This  is  but  a  mo- 
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Fig.  5 — Connections  showing  "bucking"  of  two  series  motors 
connected  in  parallel. 

mentary  condition,  however.  Due  to  the  slight  in- 
herent differences  which  always  exist  between  any 
two  motors  of  the  same  design,  one  motor  will  have  a 
higher  residual  magnetism  than  the  other.  This  motor 
(A)  will  build  up  voltage  more  rapidly  than  the  other 
(B).  It  will  then  tend  to  circulate  current  through 
motor  B,  overcoming  the  residual  voltage  of  the  latter 
and  will  reverse  the  field  and  consequently  the  voltage 
generated  by  Motor  B.  A  local  current  then  flows,  as 
indicated  in  Fig.  5c.  This  braking  current,  flowing 
through  the  two  motors  in  series,  short  circuited,  is 
likelv  to  reach  severe  values  and  may  result  in  flash- 
ing or  damage  due  to  the  mechanical  shock  of  the 
sudden   torque.     This   procedure   should   therefore  be 


restricted,  in  railway  service,  to  emergency  condition. 
However,  this  condition  may  and  sometimes  does  arise 
in  other  applications  where  two  motors  are  paralleled, 
using  a  single  set  of  starting  resistors.  Where  two 
sets  of  starting  resistors  are  employed,  one  for  each 
motor,  as  indicated  in  Fig.  6,  the  local  series  circuit 
includes  the  starting  resistors  which  suffice  to  prevent 
or  restrict  the  flow  of  current  in  this  local  circuit.     It 
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Fig.  6 — Two  series  motors  in  parallel  provided  with 
separate  resistors. 

is  possible  to  prevent  the  flow  of  circulating  current 
in  a  closed  loop  caused  'by  reversing  two  series  motors 
connected  in  parallel  by  interchanging  the  series  fields, 
as  indicated  in  Fig.  7.  With  this  arrangement  any  un- 
balancing is  quickly  corrected.  Sometimes  an  equal- 
izer connection  is  used,  connecting  the  armature-series 
field  junction  points  of  the  two  motors,  for  like  pur- 
pose.    This  arrangement  is  indicated  in  Fig.  8.     It  is 
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Fig.  7 — Arrangement  used  in  railway  service  for  electric 
rheostatic  braking.  The  series  fields  of  the  two  motors 
are  interchanged  when  reversed. 

simpler  than  that  of  Fig.  7  but  not  so  positive  in  cor- 
rective action. 

The  alternating  current  induction  motor  is  not  in- 
herently adapted  for  dynamic  braking  service.  The 
load  current  and  magnetizing  current  flow  through  the 
same  winding  and  from  a  common  source,  and  cannot 
be  dissociated.    Two  schemes  have  been  developed  and 
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applied  for  obtaining  dynamic  braking  from  induction 
motors.  In  both  schemes  direct  current  is  applied  lu 
the  primary  winding  to  create  a  fixed  magnetic  field. 
The  rotor  conductors,  cutting  this  field,  generate  volt- 
age and  circulate  current  in  their  secondary  circuit. 
The  braking  torque  may  be  governed  by  the  amount  of 
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Fig.  8 — Two  series  motors  in  parallel  provided  with  equalizing 
connection.  Contactor  "C"  open  while  motoring  and 
closed  while  braking. 

direct  current  in  the  primary  and  by  the  resistance  of 
the  secondary  circuit.  The  amount  of  direct  current 
introduced  into  the  primary  is  in  general  magnitude 
comparable  with  the  full  load  alternating  current.  The 
direct  current  supply  must  be  at  lov^f  voltage  because 
only  the  resistance  of  the  primary  windings  is  involved. 
In  one  scheme  the  direct  current  is  obtained  from  a 
small  motor  generator  set  which,  in  turn  is  excited 
from  an  auxiliary  exciter.  In  another  scheme  the  di- 
rect current  is  obtained  from  a  generator  which  is 
mounted  on  a  common  shaft  with  the  induction  motor. 
This  unit  lias  its  field  winding  excited  from  a  tungar 
rectifier.  The  latter  scheme  offers  some  advantage  in 
that  the  auxiliary  dc.  unit  assists  in  braking,  the  brak- 
ing current  is  automatically  adapted  to  the  load  and 
the  direct  current  excitation  automatically  ceases  when 
the  motor  stops.  The  principal  connections  for  these 
two  systems  of  braking  are  shown  in  Figs.  9  and  10. 
It  is  possible  to  obtain  dynamic  braking  with  the 
synchronous  motor.  This  is  accomplished  by  discon- 
necting the  primary  leads  from  the  line,  while  the 
motor  is  running,  and  then  short  circuiting  the  primary 
through  suitable  resistance.  The  excitation  of  the  field 
poles  is  maintained,  at  least  in  part.  The  rotating  flux 
generates  voltage  in  the  primary,  resulting  in  a  brak- 
ing current  flowing  through  the  primary  windings  and 
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Fig.  9 — Dynamic  Braking  with  induction  motor. 

the  external  short  circuiting  resistance.  This  arrange- 
ment has  been  used  effectively  in  the  rubber  mill  for 
obtaining  a  very  quick  emergency  stop. 

If  a  direct  current  motor,  running  at  full  speed, 
have  its  starting  resistance  suddenly  inserted  in  cir- 
cuit there  will  be  little  or  no  electrical  braking  effect. 


The  driving  torque,  will,  of  course,  fall  off  and  friction 
or  load  will  slow  down  the  machine,  opposed  by  in- 
ertia. In  case  the  load  is  overhauling  the  motor  will 
speed  up.  Dynamic  braking  can  be  employed  to  ob- 
tain a  definite  slow  down  from  full  speed  to  a  fixed 
lower  speed,  by  connecting  resistance  in  parallel  with 
the  armature,  which  is  connected  in  series  with  the 
starting  resistance.  The  voltage  drop  in  the  series  re- 
sistance reduces  the  voltage  at  the  motor  terminals 
to  a  value  lower  than  its  countervoltagc.  Current  is 
then  forced  by  the  armature  through  the  parallel  re- 
sistance in  a  direction  to  cause  braking  action  until 
the  armature  slows  down  and  the  countervoltagc  drops 
off.  The  motor  will  quickly  come  to  a  speed  corre- 
sponding to  the  reduced  terminal  voltage,  the  exact 
speed  depending  upon  the  values  of  series  and  parallel 
resistance  and  upon  the  load. 

This  action  is  obtained,  with  a  shunt  wound  motor. 
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Fig.    10 — Principal  connections   of   dynamic   braking   control 
with  induction  motor  direct  connected  dc   generator. 

by  shunting  the  armature  with  the  parallel  resistance. 
With  a  series  motor,  the  armature  may  be  shunted  by 
the  resistance  or  the  entire  motor  mav  be  shunted,  see 
Figs.  11  and  12.  Shunting  the  armature  alone  causes 
a  more  pronounced  braking  action  as  the  series  field 
flux  is  well  maintained  or  may  be  strengthened  (de- 
pending on  relative  resistance  values).  Shunting  the 
entire  motor  causes  a  less  severe  and  less  effective 
braking  action.  The  low  speed  obtained  with  shunted 
armature  is  fairly  constant,  with  either  shunt  or  series 
motor  but  falls  off  somewhat  under  load.  The  regula- 
tion depends  upon  the  series  and  shunt  resistance 
values.  Fig.  13  shows  the  speed  current  curves  for  a 
skip  hoist  motor,  compound  wound.  Two  slow  down 
points  are  shown.  The  motor  is  a  simple  shunt  motor 
while  running,  having  the  characteristic  curve  No.  1. 
On  the  first  slow  down  point  the  series  field  winding 
is  introduced,  the  starting  resistance  connected  in 
series  and  the  armature  shunted  with  resistance.     On 
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the  second  slow  down  point  the  shunting  resistance  is 
reduced.  It  should  be  noted  that,  if  complete  slow 
down  were  attempted  in  one  step,  there  would  be  a 
very  high  initial  rush  of  braking  current,  corresponding 
to  full  speed  (300  rpm)  on  curve  No.  3  and  braking 
would  be  severe.  It  should  also  be  noted  that  the 
torque  developed  on  the  slow  speed  points  is  relatively 
low  and  the  motor  may  stall  if  the  armature  is  too 
heavily  shunted. 

The  wound  rotor  induction  motor  is  similar  to  the 
direct  current  motor  in  that  a  definite  slow  down  can- 
not be  obtained  by  insertion  of  resistance  in  either 
primary  or  secondary  circuits.  A  slower  speed  will 
eventually  result  but  will  not  be  attained  through  any 
marked  braking  action  developed  by  the  motor.  The 
multispeed    induction    motor    is   applied,   however,   to 
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Fig.  11. 

obtain  a  definite  slow  down.  The  motor  is  run  on  its 
high  speed  winding,  the  low  speed  winding  being  util- 
ized for  the  slow  speed.  At  the  instant  of  change  over, 
the  rotor  is  revolving  at  a  speed  exceeding  the  syn- 
chronous speed  for  the  low  speed  winding.  The  motor 
acts  temporarily  as  an  induction  generator  with  re- 
versed torque.  The  action  may  be  more  evident  by 
inspection  of  the  curves  in  Fig.  14.  It  will  be  noted 
that  the  braking  current  at  the  instant  of  change  over 
may  be  very  high.  In  some  cases  external  resistance 
is  inserted  in  the  secondary  circuit  of  a  wound  rotor 
motor  to  minimize  this  efiect.  In  some  cases  a  high 
resistance  cage  motor  is  employed.  This  has  a  less 
flat  characteristic  and  the  current  inrush  is  lower.    Pri- 
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mary  resistance  is  also  used  with  some  cage  motors. 
A  somewhat  special  case  of  dynamic  braking  is  em- 
ployed in  crane  hoist  service.  The  direct  current  series 
motor  is  most  commonly  used.  When  lowering  a  light 
hook,  it  is  necessary  that  the  motor  drive  downwards 
as  the  weight  is  usually  insufficient  to  overcome  the 
friction  of  the  hoist.  In  lowering  heavy  loads,  the 
motor  must  retard.  This  double  duty  is  accomplished 
by  connecting  the  motor  as  a  shunt  machine  by  placing 
the  series  fields  across  the  line  in  series  with  resistance. 
The  armature  is  also  connected  across  the  line,  in  series 
with  other  resistance  as  shown  in  Fig.  15.  The  solid 
arrows  show  the  direction  of  current  flow  when  the 
motor  is  driving  down  a  light  hook.  The  dotted  ar- 
rows show  the  flow  of  retarding  current.  The  latter 
may  be  largely  or  entirely  confined  to  the  local  circuit 
comprising  armature  series  fields  and  armature  resist- 


ance. In  some  controls  the  line  is  disconnected  after 
the  load  overhauls.  It  should  be  noted  that  the  brak- 
ing influence  is  adjustable  and  the  lowering  speed  ad- 
justable, depending  upon  the  resistance  in  the  arma- 
ture and  series  field  circuits.  These  resistances  are 
varied  on  the  different  control  points.  Fig.  16  shows 
the  characteristic  curves  for  the  various  control  points. 

A  word  may  be  in  order  concerning  the  uses  and 
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advantages  of  dynamic  braking.  These  have  been  al- 
ready suggested.  Perhaps  the  most  extensive  appli- 
cation is  in  crane  and  hoist  service  for  lowering.  Ele- 
vators employ  dynamic  braking  both  for  slow  down 
and  for  stopping.  Skip  hoist  control  uses  it  similarly. 
Machine  tools  use  dynamic  braking  to  obtain  a  quick 
stop.    Some  reversing  planers  use  it  to  bring  the  plater 
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Fig.  14 — Speed  torque  curve  of  two  speed  (3  to  1) 
induction  motor. 

to  a  stop  prior  to  reversing.  Dynamic  braking  is  used 
extensively  on  steel  mill  auxiliary  drives,  such  as  the 
screw  down,  to  obtain  a  quick  stop.  It  is  used  on  ore 
and  coal  bridges  for  lowering  the  bucket  and  also  for 
stopping  the  man  trolley.  It  is  used  on  the  ingot 
buggy  to  obtain  a  slow  down.  There  are  many  other 
less  general  and  less  conspicuous  applications. 
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The  advantages  uf  d}nainic  braking  are  man)-.  Il 
has  proven  superior  to  mechanical  braking  on  cranes 
and  hoists.  The  principal  advantages,  lierc  as  else- 
where, are  the  nicely  graduated  control  and  the  free- 
dom from  mechanical  maintenance.  The  u[)keep  of 
friction  brakes  used  for  retarding  or  stojiping  is  likely 
to  be  difficult  and  expensive.  With  dynamic  braking 
most  of  the  heat  is  dissipated  in  resistors  situated 
apart  from  the  motor.  iK  brake  on  the  motor  shall 
may  transmit  heat  to  the  motor  to  a  serious  extent. 
Dynamic  braking  is  easily  adjustable  and  maintains 
its  adjustment.  Friction  brakes  require  frequent  ad- 
justment and  are  afi'ectcd  by  water  and  oil.  Dynamic 
braking  is  quicker  in  action  as  most  brakes  have  an 
appreciable  time  lag.     Dynamic  braking  is  sometimes 
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Fig.  16 — Characteristic  curves — dc  series  mill  type  motor 
with  magnetic  crane  hoist  controller.  Showing  action  on 
various  hoisting  and  lowering  points. 

used  and  supplemented  by  mechanical  brakes.  The 
dynamic  braking  reduces  the  speed  to  a  point  where 
this  method  of  braking  becomes  ineffective.  The  me- 
chanical brake  then  stops  the  motor. 

This  topic  would  not  be  complete  without  con- 
sidering the  work  which  must  be  done  in  stopping  a 
motor  and  its  driven  load.  When  the  driving  power 
is  removed  and  braking  applied  the  inertia  of  the  mutur 
and  moving  machinery  tends  to  continue  the  motion. 
It  is  necessary,  in  braking,  to  dissipate  the  kinetic 
energy  stored  in  these  parts. 

The  energy  stored  in  the  motor  armature  or  rotor 


Ea  =  W'v'  X  RPM  1 
5870 


ft.  lbs. 


Where  Wr-  =  moment  of  inertia  of  the  armature, 
weight  X  radius  of  gyration  -. 

RPMa  =  J'otativc  speed  of  armature. 

The  energy  stored  in  the  rotating  machine  parts 
conijiuted  at  any  selected  shaft  is  Em 

E„,  =  W„,  R2    X   Kl'M  it.  ft.  lbs. 


5870 

Where  Wm  =  weight  of  revolving  members — lbs. 
Rn,  =:  radius  of  gyration  revolving  mem- 
bers— ft. 
RPMn,  =  rev.  per  min.  of  selected  shaft. 

The  energy  stored  in  parts  having  linear  movement 
may  be  determined  by  considering  same  as  concen- 
trated at  wheel  rim  or  drum  perij)hery,  as  the  case  may 
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Fig.  15 — Diagram  of  principle  connections.  Direct  current 
crane  hoist  control.  Solid  lines  indicate  current  flow  when 
driving  downward.  Dotted  lines  indicate  current  flow 
when  restraining  overhauling  load. 

be,  or  by  considering  linear  forces.  For  instance,  in 
a  hoist,  the  energy  stored  in  the  moving  suspended 
load  is  Eh- 


Ei 


W  here   W  h 


WV  V    = 

-^li^  X   (-^)    ft.  lbs. 
64.32  60 


weight   of   all   parts   in   linear   mo- 
tion. Lbs. 
V      =  linear  velocity  —  ft.  per  min. 

The  work  done  by  or  against  gravity  on  the  un- 
balanced portion  of  the  suspended  load,  as  in  the  case 
of  a  hoist,  is  Eg- 


Ec 


120 


ft.  lbs. 


Where  Wu  =  unbalanced  weight  —  lbs. 

t   =  time  to  stop  —  seconds. 
The  net  or  total  energy  of  the  load,  to  be  absorbed 
l)v  the  motor  or  brake  is  En. 


En  = 


Wh  V= 


Wu  V. 
120 


ft.  lbs. 


230,000 

Use  4"  foi"  stop  while  lowering. 
Use  —  for  stop  wdiile  hoisting. 
This   is  in   addition   to   the   kinetic   energy   of   the 
motor  armature  and  revolving  parts  of  the  hoist. 


TO  ADVISE  CHINA  PROJECT 

'I'he  Trunibull-Clifts  Furnace  Company  has  retained 
Freyn.  Bra.^sert  &  Company,  Chicago,  in  connection  with 
extensions  to  electrical  power  output,  at  its  blast  furnaces 
at  Warren,  Ohio.  The  Chicago  company  also  has  been 
retained  by  the  Kailan  Mining  administration,  China,  as 
consultants  in  concentration  and  mill  tests  on  their  low 
grade  magnetic  ores. 


April,  1922 


DioBlasfF, 


urnacp 


■O 


SU  Planf 


215 


Efficient  Arrangement  of  Open  Hearth 

Labor 

Reduction  of  Forces  by  Better  Distribution  of  Men  and  Occupa- 
tions in  Operating  a  Modern  Open  Hearth  Shop. 

By  p.  S.  YOUNG 


THE  reduction  of  forces  in  plant  operation  has  al- 
ways been  and  always  will  be  an  aim,  as  it  re- 
duces the  cost  of  the  product,  the  labor  turnover, 
the  expenses  of  timekeeping,  and  increases  the  amount 
which  can  be  paid  each  man  for  his  work.  At  this 
time  it  comprises  one  of  the  gravest  issues  in  produc- 
tion topics,  for  several  other  reasons : 

(1)  As  we  come  back  to  normalcy  the  prices  of 
the  product  and  of  labor  nuist  come  down,  and  yet  pro- 
duction must  be  increased.  To  do  this  men  must 
either  work  at  a  figure  which  will  give  them  bare 
existence  until  the  other  fellow's  goods  come  down 
to  make  the  cost  of  living  generally  lower,  or  else  the 
number  of  men  to  manufacture  the  product  must  be 
decreased  thereby  allowing  a  higher  rate  per  man, 
but  giving  the  product  to  the  consumer  at  a  cost  which 
he  will  be  able  and  willing  to  pay. 

(2)  The  second  reason  seems  more  empirical  but 
is  none  the  less  true.  At  the  time  of  the  last  great 
business  depression  it  was  necessary  to  lay  ofT  prac- 
tically all  the  less  important  employees  of  the  Steel 
Mills.  This  of  course  occasioned  great  privation  and 
suffering,  which  will  not  be  quickly  made  up  by  work 
at  a  low  rate  as  the  men  will  have  to  apply  all  their 
earnings  to  the  dailv  necessities  while  working  for 
low  pay  and  will  be  unable  to  make  up  for  expenses 
incurred  during  their  previous  period  of  unemploy- 
ment. Thus  we  see,  that  any  steps  taken  by  the  em- 
ployers to  decrease  the  number  of  men  necessary  for 
each  process  of  manufacture  and  tending  to  hold  wages 
at  their  present  rate  without  further  reduction  is  most 
essential  to  those  employed  in  the  manufacture.  Also, 
when  the  next  cycle  of  business  approaches  a  depres- 
sion the  number  of  men  to  be  laid  off  will  be  less  in 
each  process.  From  one  point  of  view  it  would  appear 
that  the  smaller  nimiber  of  men  employed  in  the  manu- 
facture of  any  product  would  tend  to  keep  large  num- 
bers of  the  unemployed  from  regaining  employment. 
This,  however,  is  not  true.  As  soon  as  the  factories, 
mills  and  railroads  begin  turning  out  and  carrying 
products  in  quantity,  unemployment  will  vanish  and 
in  its  stead  will  come  an  actual  shortage  of  labor.  In 
fact,  this  efificiency  will  rather  tend  to  balance  the 
shortage  of  labor  in  times  of  high  speed  manufacture 
with  the  lack  of  employment  at  the  times  of  business 
depression. 

Let  us  now  look  at  an  average  Ojicn  Hearth  force 
for  a  twelve  100-ton  Furnace  Plant.  It  will  run  about 
the  following,  beginning  at  the  Metal  Mixer  and  end- 
ing at  the  Stripper  and  Mold  Yard  : 

Metal  Mixer 

1   Mi.xer  Craneman,  two  turns 2 

1  Mixer  Boss,  two  turns 2 


3  Helpers,   two   turns 6 

1   Mi.xer  Ladle   Skuller,  two  turns 2 

6           Total 12 

Stock  Yard 

4  Stock  Cranemen,  two  turns 8 

1   Stocker  Boss,  two  turns 2 

8  Scra,p  and  Metal  Loaders,  two  turns 16 

4  Ore  and  Limestone  Loaders,  two  turns 8 

1  Oil  Man,  two  turns 2 

1   Buggy  Rrepairman.  one   turn I 

1  Buggy  Repairman   Helper,  one  turn 1 

20  Total 38 

Charging  Floor 

3  Cranemen,  two  turns 6 

2  Melter  Foremen,  two  turns 4 

12  First  Helpers,  two  turns 24 

12  Second  Helpers,  two  turns 24 

12  Third  Helpers,  two  turns 24 

1  Metal  Chaser,  two  turns 2 

2  Weigh  Ups.  two  turns 4 

6  Pull  Ups.  two   turns 12 

2  Test  Boys,  two  turns 4 

52           Total 104 

Pitside 

3  Cranemen,  two   turns 6 

1  Pit  Boss,  two  turns 2 

2  Steel    Pourers,   two   turns 4 

4  Steel   Pourers   Helpers,  two  turns 8 

2  Platform  Men,  two  turns 4 

1  Ladle   Liner,  one  turn 1 

2  Ladle  Liner  Helpers,  one  turn 2 

1  Stopper  Setter,  two  turns 2 

1    Sto,piper  Setter  Helper,  two  turns 2 

1   Nozzle  Setter,  two  turns 2 

1   \ozzle  Setter  Helper,  two  turns 2 

1   Steel  Shipper,  'two  turns 2 

1  Ingot   Scales   ^^'eigher,  two   turns 2 

21  Total 39 

Mould  Yard  and  Stripper 

2  Stripoer   Cranemen.    two   turns 4 

1   Mold  Yard  Craneman.  two  turns 2 

1   Mold  Yard  Boss,  two  turns 2 

4  Mold  Scrappers,  two  turns . 8 

8            Total 16 

Mixing   House 

1   Foreman,   two  iturns 2 

1    Craneman,  two  turns 2 

3  Pan  Men,  two  turns 6 

4  Dolomite  Shovelers,  two  turns 8 

1  Coal  Drier,  two  turns 2 

1    Stopper  Maker,  one  turn 1 

11  Total 21 

Open  Hearth  General  Labor  Gang 

1    Foreman,   one   turn 1 

12  Laborers,  one  turn 12 
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Millwright  Department 

1   Millwright,    two    turns 2 

1  Millwright  Helper,  two  turns 2 

2  Total 4 

Electrical  Department 

1  Electrical  Inspector,  two  turns 2 

2  Helpers,  two  turns 4. 

S  Total 6 

Office 

1   Superintendent,   one   turn 1 

1  Assistant  Superimtendent.  one  turn 1 

2  Clerks,  one  turn 2 

1  Timekeeper,   two   turns 2 

Thus  we  find  a  total  of  259  tnen  employed  on  two 
turns  or  142  men  on  daj'  turn  and  117  men  on  night 
turn.  This  is  about  the  number  of  men  employed 
normally  for  a  twelve  furnace  shop.  Of  course  at 
times  of  furnace  repairing  the  number  is  increased. 
Now  in  a  twelve  furnace  shop  there  is  one  furnace 
off  for  repairs  practically  all  the  time,  and  if  not  it  is 
usually  because  some  furnaces  are  going  bad  before 
their  allotted  time,  in  which  shop  we  will  find  several 
furnaces  off  at  one  time  and  all  on  at  another.  For 
the  sake  of  consistent  production  this  should  be  avoided 
as  much  as  possible  and  an  effort  should  be  made  when 
a  furnace  comes  off  out  of  its  turn  to  assign  it  a  new 
turn  and  try  to  hold  the  other  furnaces  scheduled  to 
come  oft'  long  enough  to  allow  the  new  order  of  re- 
pairs to  adjust  matters.  This  condition  is  most  pro- 
nounced in  shops  where  the  fuel  used  is  more  in- 
jurious to  the  brickwork  or  where  such  exceptional 
stress  is  laid  on  quantity  production  that  the  work- 
rnen  fear  no  criticism  as  much  as  that  on  low  produc- 
tion. As  repair  work  on  furnaces  does  not  come  under 
the  head  of  steel  production  labor,  and  the  reduction 
of  the  repairing  force  in  number  of  men  can  not  be 
well  dealt  with  in  this  paper,  we  will  not  consider  these 
as  a  part  of  our  force  in  this  discussion. 

The  reduction  of  the  producing  force  of  men  can 
be  met  in  two  ways,  by  the  installation  of  labor  saving 
machinery,  taking  the  dolomite  gun  as  an  example, 
and  the  well  considered  and  carefully  thought  out  re- 
arrangement of  occupations.  The  rearrangement  of 
occupations  is  not  with  the  idea  of  grinding  more 
work  out  of  each  individual  but  (1)  of  filling  in  the 
unnecessarv'  periods  when  on  account  of  the  spasmodic 
character  of  Open  Hearth  work  certain  of  the  workers 
are  not  only  idle  and  resting  but  so  idle  that  they  be- 
corne  restless.  (2)  the  interweaving  of  several  occu- 
pations showing  a  saving  on  each,  (3)  better  shop 
teamwork  on  all  lines  of  work  rather  than  the  attitude 
of  specialization,  (4)  and  this  results  in  a  more  easilv 
controlled  and  more  elastic  organization.  In  regard 
to  the  idle  time  mentioned  above,  there  is  no  doubt 
in  the  world  that  it  exists  and  even  to  a  point  where 
it  is  detrimental  to  the  organization.  This  anneared  in 
many  shops  at  the  time  of  the  great  flu  epidemic  in 
the  Fall  of  1918.  In  spite  of  the  fact  that  about  half 
the  workers  were  absent  the  steel  companies  kept  up 
production  at  a  greater  than  normal  rate.  In  some 
shops,  of  course,  where  the  numbers  of  employees 
absent  were  more  than  half  of  the  shop  organization, 
and  those  who  were  working  were  nursing  sick  mem- 
bers of  their  families  at  home  or  were  just  returned 
from  an  attack  and  still  sick,  there  was  a  slackening 
of  production,  but  not  at  all  in  a  ratio  to  the  absentees. 
And  for  some  time  after  the  epidemic  it  was  quite 


noticeable  that  the   morale  of  the   organization   was 
improved.     This  leads  us  to  the  conclusion  that  a  re- 
duction in  the  working  force  means  a  raising  in  the 
morale  of  an  organization  when  judiciously  employed 
toward   that   end.     The    various    Safety   E)epartments 
will  readily  back  me  up  when   I  say  that  more  acci- 
dents are  caused  when  men  are  engaging  in  horseplay 
.  or   sleeping  than  in   the   regular   functioning  of   their 
duties.     It  is  the  idle  periods  which  cause  men  to  re- 
sort to  horseplay,  and  sleeping  is  an  invitation  to  the 
mi.schevious  ones  to  play  some  practical  joke  on  the 
drowsy  partner,  while  for  a  short  time  after  a  man  is 
aroused  from  sleep  he  is  more  inclined  to  make  mis- 
calculations   and   be    the    victim    of    accidents    which 
could  have  been  easily  prevented  were  he  in  a  normal 
state  of  senses.     Likewise,  given   a   man   with   a   set 
piece  of  work  to  do  like  the  watching  of  a  furnace  as 
the  job  of  a  first  helper.    No  one  would  consider  hav- 
ing a  first  helper  turn  his  attention  to  any  other  work 
than   that  of   watching   his   furnace   and    turning  out 
his  heat  of  steel.    This  man,  too,  is  usually  not  of  the 
makeup  that  will  lend  a  hand  to  horseplay  or  will  be 
found  sleeping  on  the  job.    The  responsibilities  of  his 
occupation    and    his    usual    maturity    eliminate    those 
factors.     Nevertheless,  such  a  man  is  effected  by  the 
general  attitude  of  those  round  about  him,  whether  it 
be  one  of  idleness  or  industry.     With  the  rest  of  the 
organization  on  their  toes  the  first  helper  will  increase 
in  efficiency  and  will  be  more  watchful  of  his  bath  and 
more  rapid  in  his  judgment.     Better  teamwork  is  as- 
sured by  having  the  tnen  acquainted  with  more  than 
one  line  of  work  in  case  of  a  shortage  of  men  for  a 
short  time  the  organization  will  be  better  able  to  close 
up  the  gap  left  by  the  absentees.     In  the  minor  occu- 
pations where  the  rearrangement  of  the  men  will  take 
the  greatest  effect,  the  men  will  have  more  diversity 
of  occupation  and  it  is  from  these  men  that  at  a  later 
date  will  be  drawn  the  men  for  the  higher  and  more 
specialized  occupations.     When   men  are   loafing  and 
are  not  engaged  in  horseplay  they  are  reading,  talking, 
or  gossiping.     If  they  are  talking  of  their  work  they 
are  accomplishing  a  great  deal  in  their  industrial  edu- 
cation.    It  is  far  from  time  lost.    This  is  their  school, 
and  this  is  their  method  of  study.     If  a  majority  of 
their  talk  were  upon  these  lines  it  would  be  a  loss  to 
divert  them  from  it.    But,  alas,  how  much  of  the  con- 
versation is  spent  in  topics  of  this  kind?  Much  of  the 
talk  is  in  the  nature  of  gossip,  some  more  is  the  recital 
of  grievances   real  or  imagined,   and  a   little,  a   very 
little,  is  worse.    At  a  few  places,  especially  if  there  is 
any  industrial  imrest  in  the  air,  the  agitators  of  their 
fellow  men  have  fine  opportunities  to  question  some 
and  answer  others  more  loyal  to  the  company  from 
which  they  are  earning  their  daily  bread,  little  portions 
of  the  shop  become  forums,  and  quite  a  deal  of  mis- 
chief can  be  hatched  before  the  culprits  are  discovered. 
Men    most    readily    magnify    imagined    wrongs    when 
thej-  are  restless  and  idle.    These  are  some  of  the  rea- 
sons  for  which   the   rearrangement   of   work   mav   be 
valuable  to  the  organization. 

Reduction  in  the  Open  Hearth  Office. 

Two  clerks  and  one  timekeeper  are  shown,  besides 
the  Superintendent  and  his  Assistant.  In  regard  to 
the  two  clerks,  trj-  one  with  certain  of  the  charging 
records  or  steel  records  turned  over  to  the  weigh- 
masters.  Or,  if  a  time  clock  can  be  introduced  do 
away  with  the  timekeeper  and  turn  his  work  over  to 
the  clerks.    With  the  time  clocks  their  labor  will  not 
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be  found  burdensome.  The  writer  does  not  approve 
of  the  elimination  of  the  Assistant  Superintendent,  if 
for  no  other  reason  than  that  someone  must  fill  in 
during  enforced  absence  of  the  Superintendent,  and 
someone  should  be  his  understudy  in  case  of  his  de- 
parture to  other  labors.  Besides  he  should  be  the  one 
to  do  the  field  work  of  the  department,  while  the 
Superintendent  should  supervise  everything,  attend 
matters  of  furnace  practice  and  construction,  and  de- 
termine the  policies  of  the  organization  of  his  shop. 
The  Superintendent  should  have  time  during  his  other 
work  to  discover  and  overcome  any  discrepances  in 
his  steel,  any  lowering  of  furnace  or  pouring  practice, 
and  any  interdepartmental  controversies.  It  goes 
without  saying  that  he  cannot  rightly  perform  all  these 
functions  unless  he  has  assistance  from  one  who  is 
directly  under  his  command.  No  melter  foreman  can 
take  the  nlace  of  an  Assistant  Superintendent. 

Reduction  at  the  Metal  Mixer. 

This  paper  assumes  that  the  ladles  are  skulled  at 
the  Mixer.  If  they  are  not,  they  are  at  least  skulled 
under  some  crane.  By  the  use  of  a  ladle  skulling  stand 
and  the  proper  lining  and  plastering  of  ladles,  iron 
skulls  may  be  easily  removed.  The  ladle  stand  in 
thought  is  one  which  consists  of  two  arms  which  may 
be  strapped  to  the  arms  on  the  trunnion  of  the  ladle. 
The  ladle  bottom  lug  is  attached  to  the  bottom  lug 
of  the  ladle  which  is  raised  until  the  hook  slips  off, 
when  the  1  ladle  drops  with  a  great  force  on  the  stand. 
When  the  skull  is  somewhat  loosened  in  case  of  a 
stubborn  skull  (in  an  easy  one  it  can  be  at  once  lifted 
out  of  the  ladle)  the  straps  are  attached  to  the  trun- 
nion arm  and  the  skull  is  pulled  loose  from  the  ladle 
lip.  If  the  Ladle  Skuller  be  eliminated,  the  three 
Mixer  Helpers  can  take  care  of  his  work  with  a  skulling 
stand.  A  time  study  should  be  made  of  the  three 
Mixer  Helpers  to  see  if  one  of  these  cannot  be  elimi- 
nated. 

Reduction  in  the  Stock  Yard. 

Here  again  enters  rather  the  reduction  by  labor 
saving  machinery  than  by  rearrangement  of  occupa- 
tion. A  trestle  with  bins  for  the  limestone  and  ore 
charge  is  a  well  known  but  potent  factor  in  the  re- 
duction of  labor  at  this  point.  If  this  cannot  be  ef- 
fected, the  nearest  approach  is  a  trench  on  each  side 
of  the  cars  at  the  point  in  the  Stock  Yard  in  which 
can  be  set  the  charging  boxes  which  receive  these  com- 
modities. In  plants  where  no  account  of  some  local 
condition  or  a  reloading  from  stock  piles,  the  lime- 
stone and  ore  are  loaded  in  gondolas,  the  center  of  the 
car  can  be  unloaded  by  shovel  and  hand  and  when  the 
bottom  shows,  a  large  bucket  with  teeth  will  unload 
the  remainder  of  the  car.  The  use  of  the  large  60_in. 
magnet  for  scrap  should  be  universal.  No  smaller 
magnet  can  be  just  as  good.  Also  in  two  plants  the 
writer  noted  cars  of  ten  per  cent  silicon  and  seventeen 
per  cent  ferro  phosphorus  being  unloaded  by  hand  into 
storage  piles  under  the  magnet  cranes.  In  both  cases 
he  was  told  by  the  stocker  boss  that  they  could  not 
be  unloaded  by  magnet  and  in  both  cases  when  tried 
they  were  so  unloaded.  One  would  think  that  until 
these  commodities  had  been  found  to  be  non-magnetic 
that  the  attempt  would  be  made  to  unload  them  the 
easier  way.  By  a  study  of  vour  Stock  Yard,  unless 
it  is  very  unusual,  the  number  of  scrap  and  metal 
loaders  can  be  fixed  at  six,  and  if  overhead  loading 
can  be  arranged  for  commodities  such  as  limestone  and 
ore  the  men  at  the  bins  should  be  two.    Just  one  word 


more  on  the  Stock  Yard.  By  no  means  cut  the  num- 
ber of  men  to  a  point  where  it  hurts.  In  no  place 
can  production  be  as  quickly  effected  as  in  this  yard. 
The  delays  in  the  Stock  Yard  are  irretrievably  lost. 
Time  lost  there  can  never  be  made  up.  The  stock  will 
not  melt  until  it  is  in  the  furnace,  and  to  disorganize 
the  Stock  Yard  is  to  lower  production.  The  Stock  Yard 
has  to  adapt  itself  to  changing  conditions,  from  scrap 
that  takes  little  labor  to  level  to  scrap  that  is  awkward 
to  level  or  does  not  pack  well  and  all  this  change  in  the 
shifting  of  a  few  cars.  Manv  an  Open  Hearth  record 
lies  rotting  in  the  Stock  Yard  because  those  in  charge 
of  the  plant's  operations  could  not  see  the  necessity 
for  a  litrtle  good  scrap  mixed  with  the  bad.  And  after 
the  scrap  is  in  the  furnace  the  trouble  is  not  ended.  A 
furnace  charged  too  slowly  or  with  badly  packing  scrap 
is  in  an  excellent  way  for  a  "sticker." 

Reduction  on  the  Charging  Floor. 

There  can  be  no  reduction  among  the  Melter  Fore- 
men or  the  First  Helpers.  Two  Melter  Foremen  at 
least  are  needed  for  twelve  furnaces  and  in  some  shops 
three  would  be  an  advantage.  Each  of  the  First  Help- 
ers has  his  hands  full  if  he  takes  the  proper  care  of 
his  furnace  and  the  working  of  the  heat.  Nothing  can 
be  added  to  him  even  should  a  large  part  of  each  turn 
be  spent  in  apparent  idleness.  Not  so  with  the  Second 
and  Third  Helpers.  Their  work  does  not  entail  the 
actual  responsibility  that  the  First  Flelper  holds.  I 
feel  sure  that  some  one  will  say  that  the  Second  Helper 
is  responsible  for  the  tapping  hole.  He  should  not  be. 
The  P'irst  Helper  should  be  held  responsible  for  every 
part  of  the  furnace,  and  this  responsibility  should  not 
stop  at  the  floor.  It  should  extend  to  the  checkers. 
The  writer  believes  that  a  combination  of  Second  and 
Third  Helper  would  be  one  very  good  way  to  rearrange 
the  duties  of  each  of  these  occupations.  The  fur- 
naces could  be  divided  into  batteries  of  three  each. 
For  each  of  these  batteries  four  men  would  be  suf- 
ficient to  do  the  work  of  the  Second  and  Third  Help- 
ers. They  would  constitute  a  gang  which  would  be 
used  in  both  branches  of  work,  and  two  of  these  gangs 
would  make  bottom  after  heat  was  tapped.  Unless  the 
pits  of  the  furnace  are  of  the  deep  variety,  or  unless 
some  other  condition  is  extremely  bad  either  in  the 
construction  of  the  shop  or  the  handling  of  such  com- 
modities as  furnace  additions  and  loam,  dolomite,  etc., 
we  see  no  reason  why  this  svstem  would  not  work  out. 
And  in  such  cases  surely  the  addition  of  another  man 
to  the  gang  would  be  sufficient,  and  would  consti- 
tute some  saving.  The  labor  saving  devices  on  the 
Open  Hearth  floor  and  Pitside  are  in  such  an  ad- 
N'anced  state  that  it  is  really  getting  to  be  a  time  when 
we  can  decrease  the  number  of  men  in  the  Open  Hearth 
operations  at  these  points.  Most  Open  Hearths  em- 
])Ioy  boys  as  pullups.  Some  employ  the  First  Helper 
as  a  pullu]).  That  is  not  so  good.  In  this  case  we  take 
away  the  service  of  an  experienced  shoveler  at  the  time 
when  the  heat  is  working,  or  if  the  First  Helper  does 
the  shoveling  and  does  not  work  his  doors  a  great  deal 
of  heat  which  should  be  retained  in  the  furnace  is 
going  out  of  the  door.  At  best  it  is  a  bad  makeshift. 
A\'hy  not  employ  men  to  do  the  pulling  up  and  have 
them  attend  to  the  cleaning  up  of  the  shop,  the  carry- 
ing of  tests  to  the  laboratory,  and  perhans  the  wheel- 
ing of  the  ladle  additions  if  shop  conditions  are  such 
that  these  cannot  be  handled  by  the  cranes.  In  this 
way  the  small  boy  is  eliminated  from  the  shop  both  as 
a  test  boy  and  pullup,  and  most  Open  Hearth  men  will 
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rejoice  with  nie  in  the  rtiui)\;il  of  the  small  boy  both 
as  a  mischief  maker,  an  unreliable  adjunct,  and  as  a 
l)utt  for  horseplay.     The  duties  of  the  Metal  Chaser- 
ma\-  be  tilled  by  the  Weighup  with  telejjhone  connec- 
tions to  the  Mi.xer  from  the  Scales. 

Reduction  on  the  Pitside. 

Un  the  i'itsidc  the  changes  cannot  be  so  radical  as 
on  the  Charging  Floor.  However,  the  I'it  Boss  and 
Shipper  can  be  combined  in  most  cases,  and  the  ship- 
ping notices  can  be  sent  lu  the  Pits  b}-  one  of  the 
platform  men.  The  ninnber  of  men  on  the  Pitside  is 
hardest  of  all  to  determine  as  so  much  depends  on 
what  quality  of  steel  the  Open  Hearth  is  making,  into 
molds  cajjped  or  uncapped,  or  bottom  or  top  poured 
ingots.  The  Pitside  figured  above  is  concerned  with 
top  pouring  ingots  which  are  capped.  But  in  this 
case  we  believe  that  at  least  one  man  and  mure,  prob- 
ably two.  can  be  eliminated  from  each  of  the  two  pour- 
ing gangs,  ^^'e  believe  also  that  the  inspection  of  the 
Pouring  Platform  should  be  rigidly  kept  up  by  the 
Pit  Boss  in  the  interests  of  safety,  as  the  Pitside  toda}- 
stands  as  the  great  hazard  in  the  Steel  Plant.  Not  that 
the  Ladle  Liner  has  two  helpers.  If  a  lining  pit  were 
installed  one  helper  would  be  enough  as  he  could  pass 
the  brick  to  the  liner  standing  in  the  ladle.  Where 
no  pit  has  been  possible,  the  writer  has  found  it  con- 
venient to  use  the  liner  and  his  helpers  to  make  small 
patches  in  bulkheads  where  hot  spots  anneared  and 
to  line  sjjouts  and  e\en  badly  worn  places  in  the  charg- 
ing floor. 

Mold  Yard  and  Stripper. 

In  the  Mold  Yard  a  great  labor  saver  is  an  old 
cylinder  with  arms  to  hold  the  lugs  of  the  mold.  To 
the  piston  of  the  cylinder  is  attached  a  ram  which 
pushes  oiif  the  scrap  from  the  mold.  If  a  larger  cylin- 
der were  to  be  so  arranged  and  to  have  brackets  as 
well  as  arms  many  mold  stickers  could  be  handled. 
In  every  Mold  Yard  there  should  be  kept  a  suppl}-  of 
gas.  This  would  be  splendid  when  any  of  the  buggies 
are  badly  gummed,  and  it  could  be  used  in  combina- 
tion with  the  ram  for  stickers.  \\'e  feel  that  by  this 
method  at  least  cme  man  could  be  easily  spared  from 
the  Mold  Yard. 

Reduction  in  the  Mixing  House. 

In  one  plant  the  Mi.xing  House  craneman  is  fore- 
man of  the  operations.  This  is  an  excellent  plan  for 
that  plant  and  I  feel  that  it  would  work  out  well  in 
most  Mixing  Houses.  He  is  in  direct  view  of  the 
various  parts  of  the  Mixing  House  and  from  his  post 
he  can  see  well  all  operations.  As  he  is  in  command, 
when  he  lowers  the  buckets  into  the  wells  or  pits  at 
the  side  of  the  cupolas  the  dolomite  shovelers  start  to 
work  at  once.  He  brings  the  materials  to  the  pan  men. 
and  he  keeps  in  very  close  touch  with  his  men.  ^\'here 
the  coal  drying  is  done  in  the  Mixing  House,  the  coal 
drier  can  be  eliminated  and  his  work  done  bv  the 
pan  men. 

Let  us  see  what  has  been  accomplished  by  these  re- 
ductions.   The  force  now  stands: 


Office 


1   Superintendent,    one    turn 1 

1   Assistant  Superintendent,  one  turn  1 

1   Clerk,    one    turn 1 

1   Timekeeper,    one   turn 1 

4         Total 4 


Reduc- 
tion. 


(•Both 
Turns) 


Metal  Mixer 

1    Mi.\cr  Craneman.  two  turns 2 

1    Mixer  Boss,  two  turns 2 

.?  Mixer  Helpers,  tw'o  turns 6 

.  .    Ladle  Sknilcr  or  one   Helper 

5  Total I(J 

Stock  Yard 

4  Stock  Cranemen.  two  turns 8 

1  Stockcr  Boss,  two  turns 2 

6  Scrap    and    Metal    Loaders,    two 

turns    12 

2  Ore  and   Limestone  Loaders,  two 

turns    4 

1   Oil  Man,  two  turns 2 

1   Buggy   Repairman,  one   turn 1 

1  Bug-gy  Repairman  Helper,  one  turn  1 

16  Total 30 

Charging  Floor 

3  Cranemen,  two  turns 6 

2  Melter  Foremen,  two  turns 4 

12  First    Helpers,   two   turns 24 

16  Second-Third  Helpers,  two   turns.   32 

2  W'eighups,   two   turns 4 

6  Pulluips,    two    turns 12 

41  Total 82 

Pitside 

3  Cranemen,   two  turns 6 

1  Pit   Boss,  two   turns 2 

2  Steel  Pourers,  two  turns 4 

4  Steel   Pourers  Helpers,  two  turns.  8 

1  Ladle   Liner,  one   turn 1 

1  Ladle  Liner  Helper,  one  turn 1 

1  Stopper  Setter,  two  turns 2 

1  Stopper  Setter  Helper,  two  turns.  .  2 

1  Nozzle  Setter,  two  turns 2 

1  Xozzle  Setter  Helper,  itwo  turns..  2 

.  .    Steel  Shipper   

1  Ingot  Scales  \\'eighuii.  two  turns..      2 

17  Total 32 

Mold  Yard  and  Stripper 

2  Stripper  Cranemen,  two  turn.s.  ,.  4 
1  Mold  Yard  Craneman,  two  turns..  2 
1    Mold  Yard  Boss,  two  turns 2 

3  Mold   Scrappers,   two   turns 6 

7  Total 14 

Mixing  House 

1  Foreman,   two   turns 2 

.  .  Craneman    

. .  Coal   Drier    

3  Pan  Men,  tw'O  turns 6 

4  Dolomite  Shovelers.  two  turns....  8 
1  Stopper   Maker,   one  turn 1 

<)  Total 17 

Open  Hearth  General  Labor  Gang 
1    Foreman,  one    turn 1 

12  Laborers,   one   turn 12 

13  Total 13 

Millwright  Department 

1   Millwright,    two    turns 2 

1  Millwright  Helper,  two   turns 2 

2  Total 4 

Electrical  Department 

1  Electrical    Inspector,   two  turns...     2 

2  Helpers,   two   turns 4 

3  Total 6 


16 
2 
4 
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Reductions  by  Departmental  Units 

Both   turns. 

Office    1  1 

Metal   Mixer    1  2 

Stock   Yard    4  g 

Charging    Floor    11  21 

Piitside    4  7 

Mold  Yard   1  2 

Mixing   House    2  4 

Total  Reductions    24  46 

Time  studies  comprise  an  excellent  way  to  find  in- 
efficient arrang-ement  of  men. 


In  making-  any  cuts  in  force  the  following  rules 
should  apply : 

1st.     Will  this  cut  injure  the  quality  of  my  steel? 

2nd.     Will  it  injure  my  production? 

3rd.  Will  it  cause  the  remaining-  men  in  that  occu- 
pation to  -work  harder  than  1  would  be  willing  to  work 
myself  in  their  positions? 

4th.  Will  the  wages  I  will  pay  these  men  be  com- 
mensurate with  their  increased  efficiency? 

If  these  questions  can  be  satisfactorily  answered, 
the  issue  should  be  fearlessly  pressed. 


Steel  Company  Completes  New  Additions 

The  Indiana  Rolling  Mill  Company  Makes  Additions  to  Buildings 
and  Equipment — Enlarged  Plant  to  Follow  These  Improvements. 


By  A.  C.  GAYLORD* 


THE  close  of  the  year  1921  saw  the  completion  of 
improvements  costing  approximately  $250,000  at  the 
plant  of  the  Indiana  Rolling  Mill  Company,  located 
at  New  Castle,  Ind.  Most  of  this  amount  was  expended 
in  the  rolling  mill  department. 

The  company  is  engaged  in  the  manufacture  of  two 
lines  of  goods,  a  complete  line  of  shovels  and  spades  and 
the  rolling  of  high  carbon  sheet  steel. 

Most  noticeable  of  these  iiiiprovements  is  the  new 
two-story  and  basement  office  building  located  on  the  hill 
about  500  feet  west  of  the  plant.  It  is  built  of  reinforced 
concrete,  seal  brown  Hitex  brick,  and  mottled  white  and 
brown  terra  cotta  for  trimmings. 

It  is  located  high  enough  to  overlook  the  entire  plant 
and  affords  an  interesting  view  of  the  Blue  River  Val- 
ley across  to  the  city  of  -New  Castle. 

The  first  floor  of  the  office  building  is  divided  into  a 
large  general  office,  five  private  offices,  a  ladies'  rest 
room,  etc.  Only  part  of  the  second  floor  is  finished  at 
present,  providing  one  office  and  drafting  room.  The 
basement,  which  is  well  lighted,  will  be  used  for  labora- 
tory and  cafeteria. 

The  power  plant  has  been  increased  by  the  addition 
of  a  550-hp.  high  pressure  Springfield  water  tube  boiler 
and  a  1,000-hp.  Murray  Corliss  engine.  The  boiler  is 
equipped  with  an  automatically  controlled  Riley  stoker 
and  a  6x135  ft.  stack.  This  has  been  so  located  that  it 
will  be  the  first  of  a  series  of  boilers  in  the  completed 
design.  The  old  boilers  are  of  the  Geary  water  tube 
type,  hand  fired  and  equipped  with  Coppus  blowers. 

The  new  boiler  is  enclosed  in  a  temporary  building, 
and  the  coal  is  delivered  to  the  stoker  hopper  by  means 
of  a  25-ft.  Unicon  portable  belt  conveyor,  so  arranged 
that  it  can  receive  coal  directly  from  the  car  or  from 
the  storage  space  in  front  of  the  boiler,  within  a  radius 
of  30  ft.  This  coal  elevator  enables  the  fireman  to  unload 
the  coal  from  the  car  into  the  hopper  of  the  conveyor 
with  less  elTort  than  is  required  to  shovel  the  coal  from 
the   floor   into    the    stoker    hopper. 


*Mr.  Gaylord  is  general  superintendent  of  the  Indiana 
Rolling  Mill  Company.  He  is  also  a  member  of  The  Society 
of  Industrial  Engineers. 


At  present  the  ashes  are  removed  from  the  ashpit  bv 
hand  through  a  tunnel  which  also  serves  a  gas  producer 
and  a  Type  E  furnace  stoker. 

Plans  have  been  made  to  erect  a  new  boiler  house 
large  enough  to  accommodate  at  least  two  Iwilers  which 
will  be  equipped  with  modern  coal  and  ash  handling 
machinery. 

An  extension,  120x120  ft.,  has  been  added  to  the 
n-iain  rolling  mill  building  to  provide  space  for  the  new 
2§-in.  sheet  mill.  This  addition  consists  of  the  main 
span  60  ft.  wide  and  two  lean-tos,  27  and  33  ft.  wide,  res- 
pectively. Two  steel  trusses  are  spaced  20  ft.  centers  and 
the  supporting  columns  also  carry  the  crane  track  gir- 
ders. A  new  15-ton  Milwaukee  crane,  equipped  with 
5-ton  auxiliary  hoist,  has  been  added  to  the  old  crane 
service. 

Part  of  the  floor  space  in  this  extension  is  covered 
with  concrete,  and  a  loading  platform  26  ft.  wide  extends 
along  one  side  of  the  building.  The  lighting  facilities 
are  excellent  and  good  ventilation  is  secured'bv  means 
of  mechanically  operated  windows  in  monitors. 

The  28-in.  sheet  mill  was  furnished  by  the  Mesta 
Machine  Company  of  Pittsburgh,  Pa.,  and  consists  of 
herringbone  reduction  gears,  28-in.  pinion  stand,  28x48- 
in.  roughing  stand  and  two  28x36-in.  finishing  stands, 
one  of  which  can  be  used  as  a  reducing  stand  whenever 
necessary. 

The  reduction  gears  are  cast  steel  and  reduce  the  en- 
gine speed  from  75  rpm  to  40  rpm.  for  the  speed  of  the 
rolls.  The  pinions  are  cast  steel  and  the  pinion  housings 
are  cast  iron.  The  roughing  stand  housings  are  of  cast 
steel  and  weigh  34.000  pounds  each.  The  rolls  are  also 
cast  steel.  The  upper  roll  is  counterbalanced  and  the 
screws  are  operated  by  a  10-hp.  motor.  An  ingenious 
steam  operating  lifting  table  passes  the  slab  back  over 
the  top  roll  to  the  roller.  The  housings  of  the  finishing 
stands  are  also  of  cast  steel.  The  first  of  these  is  pro- 
vided with  a  removable  steam  operating  tilting  table  for 
use  when  reducing  heavy  stock,  or  when  cogging  down. 
One  operator  handles  both  tables  at  the  same  time. 

A  motor  driven  hot  shear  is  used  to  cut  up  the  slab 
before  being  passed  to  the  finishing  rolls.  This  shear 
can  be  moved  to  the  delivery  side  of  the  reducing  stand 
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when  tlie  mill  is  used  for  cogging  down  purposes. 

The  finished  sheet  is  passed  through  a  straightening 
machine,  which  reduces  it  to  a  perfectly  flat  sheet.  The 
stock  for  thi.s  mill  is  heated  in  a  continuous  powdered 
coal  hurning  furnace  equipped  with  water  cooled  skids 
and  hydraulic  pusher,     'ilie  coal  is  fed   from  a  concrete 


Fig.   1 — Interior  view  of  the  finishing  department. 

hopper  to  a  crusher  by  means  of  a  screw  feed.  From 
the  crusher  it  falls  into  the  hopper  of  the  elevator  which 
carries  it  up  and  deposits  it  upon  the  belt  of  a  magnetic 
separator  which,  after  extracting  "tramp  iron,"  delivers 
it  into  a  storage  bin  located  over  the  pulverizer.  An 
Aero  pulverizer  reduces  the  coal  to  the  proper  fineness 
and  automatically  mixes  it  with  sufficient  air  to  secure 
proper  combustion.  This  mixture  is  fed  into  the  com- 
bustion chamber  through  cast  iron  nozzles.     These  noz- 


Fig.  2 — View  of  the  mill  drive. 

zles  are  provided  with  controlling  valves  and  means  for 
adding  auxiliary  air  from  a  pressure  blower.  This  air 
supply  can  be  closely  regulated  and  in  the  event  of  the 
pulverizer  being  shut  down,  can  be  used  to  keep  the 
heat  from  entering  the  supply  pipes. 

The  old  plate  mill  furnace  was  remodeled  by  making 
it  continuous  and  equipped  with  a  Type  E  stoker.    Very 


satisfactory  results  have  been  obtained  since  this  change 
was  made. 

The  sheet  mill  powdered  coal  furnace  has  not  been 
in  operation  long  enough  to  secure  comparative  data  as 
to  the  relative  merits  of  the  two  methods  of  heating. 

This  new  28-in.  sheet  mill  is  driven  by  a  30x48-in. 
Murray  Corliss  engine,  weighing  83,000  pounds  exclu- 
sive of  flywheel  and  out  bearing,  which  were  not  fur- 
nished by  the  builders.  The  sectional  flywheel  weighs 
50,000  pounds  and  is  20  ft.  in  diameter.  The  engine 
will  deliver  940  hp.  while  operating  under  a  steam  pres- 
sure of  160  lbs.  at  one-fourth  cut  off  and  75  rpm.  It  is 
equipped  with  a  specially  designed  safety  stop  device, 
suitable  for  rolling  mill  service.  This  new  equipment 
will  enable  the  company  to  produce  high  carbon  sheets 
more  economically  than  was  possible  on  the  22-in.  mills. 
Approximately  50  carloads  of  sand  and  gravel,  15  car- 
loads of  cement  and  10  carloads  of  brick  were  used  in 
making  these  improvements. 

A  large  electric  caterpillar  crane  is  used  to  unload 
slabs  and  load  scrap.  This  is  easily  moved  about  the 
yard  and  has  some  advantages  over  the  railroad  type. 

Stuebing  lift  trucks  are  used  to  handle  and  load  the 
finished  product.  The  floors  in  the  shearing  department 
are  of  concrete  and  the  loading  track  is  depressed  suf- 
ficiently to  allow  trucks  to  enter  the  cars. 

The  shearing  department  is  equipped  with  three  120- 
inch  shears  and  three  Toledo  presses.  One  of  the  latter 
weighs  over  80,000  pounds  and  is  capable  of  punching 
out  discs  32  in.  in  diameter.  A  number  of  smaller  shears 
and  punches  are  used  in  cutting  up  scrap  and  for  light 
punching. 


PRACTICAL   USE   OF   THE   OPTICAL 
PYROMETER. 

The  optical  pyrometer  depends  upon  the  principle, 
that  the  brig'htness  of  the  light-emission  of  a  highly- 
heated  body,  bears  a  known  proportion  to  the  tempera- 
ture of  same.  In  practice,  the  light  emitted,  is  observed 
through  a  filter,  which  only  permits  the  passage  of 
light  of  a  certain  wave-length,  and  this  beam  is  com- 
pared with  that  of  a  filament  lamp  of  known  intensity. 
The  brightness  of  radiation  from  the  lamp  is  then 
regulated  until  it  agrees  with  that  emitted  from  the 
body  under  observation.  The  amount  of  such  regula- 
tion shows  the  brightness  of  the  body,  and,  with  suit- 
able corrections, a  a  close  proximity  to  its  temperature. 

Optical  pyrometers  are  of  two  kinds,  broadly  speak- 
ing. (1)  The  Wanner,  using  polarized  light  observed 
through  a  Nicol,  l^y  rotating  which,  the  brightness 
can  he  altered,  the  amount  of  rotation  necessary  deter- 
mining the  relative  brightness.  (2)  The  Hollmrn- 
Kurlbaum,  wherein  the  ]:)rightness  of  the  filament  lamp 
is  altered  by  resistance.  With  this  instrument,  the 
strength  of  current  necessary  to  produce  brightness 
in  the  lamp,  equal  to  that  of  the  observed  body,  sup- 
plies the  measure  of  relative  brightness. 

In  the  first  case,  one  only  sees  the  polarized  light 
from  the  object  under  examination,  but  with  the  second 
instrument,  the  object  itself,  also  the  surroundings, 
are  seen,  but,  owing  to  the  telescope,  reversed.  At 
the  same  time,  one  also  sees  the  glowing  filament,  the 
image  of  which  is  caused  to  fall  upon  the  image  of  the 
body.  The  resistance  is  then  regulated  until  the  former 
merges  indistinguishable  into  the  latter,  i.  e.,  until  the 
brightness  of  each  is  identical. 
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Recent  Development  In  European 

By-Product  Coking 

A  Series  of  Articles  Dealing  with  the  Various  Types  of  Electric 
Gas  Governors  Which  Have  Been  Introduced  in  Europe. 

By  A.  THAW 
PART   II. 


IN  the  first  of  my  series  of  articles  appearing  in  the 
March  issue  of  The  Blast  Furnace  and  Steel 
Plant,  the  governor  manufactured  by  Kress,  a  coke 
works  manager,  was  described.  We  will  follow  up  this 
month  by  describing  the  other  principal  styles  of  electric 
governors  brought  out  in  Europe  during  the  past  few- 
years. 

Governor  by  AUgemeine  Vergasungs-Gesellschaft, 
Berlin. 

This  governor  is  shown  in  Fig.  5  diagrammatically. 
The  receiver  for  the  pressure  variations  consists  of  a 
single  bell  a,  floating  in  a  vessel  partly  filled  with  water 
or  oil  and  connected  bv  a  steel  band  with  counterweight 


Fig.   5 — Diagrammatical  view  of  governor  arrangement  by 
AUgemeine  Vergasungs-Gesellschaft  of  Berlin. 

to  a  shaft  to  which  finger-like  two  contacts  are  fixed. 
The  cables  lead  to  the  regulating  device  consisting  of  a 
mechanically  operated  magnetic  reversing  clutch  h, 
driven  by  a  little  motor  m  running  permanently  in  the 
same  direction  and  connected  by  means  of  a  worm  gear 
to  the  butterfly  valve  c  in  the  gas  main,  serving  as  a 
regulating  medium. 

The  motor  is  geared  to  the  two  bevel  wheels  of  the 
clutch  and  turns  them  permanently  in  opposite  direction 
to  each  other,  loosely  running  on  their  shaft.  The  latter- 
being  on  one  end  geared  to  the  worm  drive  of  the  but- 
terfly valve  c,  carries  in  the  middle  between  the  two  bevel 
wheels  a  friction  wheel  fixed  by  a  key  to  the  shaft.  The 
two  loosely  running  bevel  wheels  are  provided  on  their 
inside  planes  with  electro  magnets  and  depending 
upon   which   the  gear   wheel    is  turned   a   corresponding 


number  of  times  and  the  valve  c  is  adjusted  accord- 
ingly. In  a  still  later  construction  the  magnets  are  car- 
ried bv  two  wheels  keyed  to  the  shaft  back  to  back, 
each  facing  one  of  the  bevel  wheels.  While  the  ar- 
rangement is  closely  drawn  together  in  Fig.  5,  there  may, 
of  course,  be  an  unlimited  distance  between  the  receiver 
and  the  adjusting  device.  The  advantage  of  this  ar- 
rangement compared  with  the  former  is  obvious  in  that 
the  movement  stops  immediately  after  the  circuit  is 
broken,  as  the  speed  of  the  reversing  clutch  is  compara- 
tively slow. 

In  all  cases  of  butterfly  valves  being  employed  as  a 
regulating  medium  for  large  diameter  gas  mains,  the 
application  of  a  worm  gear  becomes  compulsory,  as 
otherwise  the  flov^^  of  the  gas  will  alter  the  position  of 
the  valve  disc  on  its  own  account. 

Governor  by  Reineke. 

The  latest  design  in  this  connection  is  the  governor 
bv  Reineke,  being  shown  diagrammatically  in  Fig.  6. 
The  adjusting  arrangement  is  influenced  by  two  little 
motors  of  34"/^  hp.  each.  They  also  operate  a  reversing 
gear  which,  however,  does  not  act  upon  electromagnets, 
hut  works  mechanically,  its  principle  being  based  upon 
certain  well  known  physical  laws.  The  shafts  of  the 
motors  I  and  II  are  rigidly  connected  to  the  two  bevel 
wheels  Z2  which  are  running  loosely  on  the  short  shaft  B. 
The  latter  is  fixed  to  the  ring  A  and  this  ring  A  is  again 
fastened  to  the  bevel  wheel  Z3,  which  can  revolve  freely 
on  the  shaft  of  the  motor  I.  The  bevel  wheel  Z3  is  in 
gear  with  the  bevel  wheel  Z3A,  which  is  directly  con- 
nected to  the  butterfly  valve  serving  as  a  regulating 
medium. 

The  regulating  action  can  be  described  as  follows : 
The  ac.  motors  I  and  II  run  normally  at  the  same  speed 
in  opposite  direction  to  each  other,  driving  at  the  same 
time  two  bevel  wheels  Z2  which  run  in  this  case  loosely 
on  their  shaft  B  without  turning  it.  Thus  the  bevel 
wheel  Z3  and  at  the  same  time  the  butterfly  valve  re- 
main stationary.  To  move  the  latter  in  both  directions, 
it  becomes  necessary  that  for  a  corresponding  time  the 
speed  of  the  motors  varies  from  each  other  and  to  cause 
the  variations  of  gas  pressure  to  efifect  this,  a  mercury 
contact  arrangement  is  provided,  influenced  by  a  floating 
bell  D  connected  to  the  gas  main  by  a  pipe.  If,  for  in- 
stance, the  gas  pressure  increases,  the  rotor  resistance 
F  remains  short  circuited  while  the  contacts  El  leave 
the  mercury,  bringing  the  rotor  resistance  El  into  cir- 
cuit so  that  the  number  of  revolutions  of  the  motor  I  be- 
comes less  than  of  motor  II. 

As  now  the  number  of  revolutions  of  the  bevel  wheel 
on   motor   I    is  difi'erent   to   the   bevel   wheel   driven   by 
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motor  II.  the  bevel  wheels  72  are  compelled  to  revolve 
not  only  around  their  own  shaft,  but  also  corresponding 
to  the  dilTerence  of  revolutions  with  a  certain  speed  and 
direction  around  the  shaft  of  the  bevel  wheels  Zl.  If 
the  gas  pressure  decreases  and  the  contact  lever  C  is 
lowered,  dipping  into  the  mercury  contact,  so  is  thereby 
the  sj)eed  of  the  motor  II  reduced  (motor  I  running 
normal)   and  the  bevel  wheels  Z2  travel  in  opposite  di- 
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Fig.   6 — Governor   arrangement   by    Reineke. 

rection  around  the  l)c\el  wheels  Zl  P.y  means  of  this 
travel,  the  bevel  wheel  Z3  is  turned  and  conseqently  the 
butterfly  valve  is  adjusted  correspondingly  and  moved 
along  until  the  gas  pressure  and  the  weight  of  the  bell 
balance  themselves  again.  The  contact  lever  then  re- 
mains in  the  horizontal  position,  as  shown  in  Fig.  6,  and 
both  motors  revolve  at  the  same  speed,  both  rotor  cir- 
cuits being  short  circuited.  For  adjusting  the  arrange- 
ment in  any  desired  condition,  the  floating  bell  D  car- 
ries a  weight  C  consisting  of  a  variable  number  of  plates. 
On  the  opposite  end  of  the  contact  lever  C,  a  second  float 
may  be  arranged  as  shown,  serving  as  an  air  buffer 
by  the  space  underneath  this  bell  being  connected  to  the 
atmosphere  by  means  of  a  pipe  with  adjiistable  cock.  This 
arrangement  prevents  an  action  of  the  apparatus  in  case 
of  minute  pressure  waves.  The  governor  by  Reineke. 
though  of  quite  recent  design,  has  been  adopted  by  a 
great  number  of  works  dealing  with  large  volumes  of 
gas  and  it  has  well  justified  its  claims. 

Governor  by  Simon-Carves,  Manchester. 

Simon-Carves  of  Manchester,  England,  have  broutrht 


out  a  new  type  of  electric  governor  in  which  electro- 
motors are  altogether  dispensed  with.  The  arrange- 
ment is  shown  in  the  diagrammatical  sketch  in  Fig.  7 
and  will  be  briefly  described.  A  bell  a  floats  in  an  oil 
seal  h  over  the  end  of  a  branch  c  from  the  gas  main  d. 
The  bell  is  connected  to  one  arm  c\  by  a  rocking  lever 
c  and  the  other  arm  r2  of  the  lever  is  connected  to  one 
terminal  of  a  battery  /  and  is  adapted  to  co-act  with  a 
pair  of  contacts  g,  h,  to  complete  the  circuit  through 
one  or  other  of  a  pair  of  solenoids  ;',  k,  which  are  con- 
nected to  the  other  terminal  of  the  battery  /,  in  parallel, 
and  to  the  contacts  g,  It,  respectively.  The  solenoids 
j,  k.  are  provided  with  cores  /l,  kl,  connected  by  wires 
j2,  k2,  to  the  arms  of  a  double  armed  quadrant  m,  which 
in  turn  is  connected  by  link  ii  and  lever  o  to  a  valve  f> 
situated  in  the  passage  </  through  which  the  gas  is  drawn 
off  from  the  main  d  by  the  exhausters. 

Normally  the  arm  c2  of  the  lever  c  docs  not  engage 
either  of  the  contacts  y.  It,  neither  solenoid  is  energized, 
and  the  valve  />  is  partially  open  to  a  predetermined  ex- 
tent. In  the  event  of  the  generation  of  gas  in  the  ovens 
and  the  pressure  in  the  main  d  falling  below  normal,  the 
bell  a  falls  and  rocks  the  lever  e  to  cause  the  arm  e2  to 
engage  the  contact  g  and  close  the  circuit  through  the 
solenoid  ;'.  On  the  energizing  of  this  solenoid  its  core  /I 
is  pulled  down  and  operates  the  quadrant  in  into  the  posi- 
tion indicated  in  dotted  lines,  which  through  the  link  n 
and  the  lever  o  partially  closes  the  valve  p,  thus  reduc- 
ing the  effective  area  of  the  passage  q.  If,  on  the  other 
hand,  the  generation  of  gas  and  pressure  in  the  main  d 
should  rise  above  the  normal,  the  bell  a  rises  and  oper- 
ates the  rocking  lever  c  so  that  its  arm  c2  engages  the 
contact  h  and  completes  the  circuit  through  the  solenoid 
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Fig.  7 — Diagrammatical  view  of  governor  arrangement  by 
Simon-Carves. 


k.  The  core  kl  oi  this  solenoid  is  then  pulled  down  and 
operates  the  quadrant  in  into  the  position  indicated  in 
dotted  lines  to  further  open  the  valve  p,  to  increase  the 
effective  area  of  the  passage  q  until  the  pressure  in  the 
main  again  reaches  the  normal. 

The  valve  is  loaded  by  a  weight,  sprini;  or  other 
means  so  that  when  the  circuits  through  both  s(jlenoids 
are  broken,  either  on  normal  conditions  again  obtaining 
after    the    \alve    has    been    partially    closed    or    further 
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opened,  or  in  case  of  failure,  the  valve  assumes  its  nor- 
mal partially  open  position.  Generally  the  quadrant  m 
is  fixed  like  shown  in  Fig.  7,  with  a  central  arm  ml.  to 
which  is  connected  one  end  of  a  spring  r,  which  has  its 
other  end  connected  to  a  fixed  point  s  and  which  brings 
the  quadrant  and  at  the  same  time  the  valve  to  normal 
position  when  the  circuits  through  both  solenoids  are 
open. 

Governor  by  Bamag,  Berlin. 

A  comparatively  simple  device  for  adjusting  the 
pressure  of  clean  gas.  particularly  high  pressure  gas.  at 
very  distant  points  of  delivery  is  shown  in  Figs.  S  and  ^l 
The  receiver  connected  to  the  gas  main  near  the  point 
of  delivery  is  shown  in  Fig.  9  in  section  and  consists 
of  a  cup-shaped  receptacle  flanged  together  in  the  mid- 
dle and  holding  a  metal  disc  diaphragm  which  by  a  ver- 
tical rod  in  center  acts  upon  a  balance  lever  carrying  on 
one  end  a  counterweight  and  playing  with  the  other  be- 
tween two  electric  contacts.  In  the  bottom  of  the  recep- 
tacle is  a  gas  inlet  connected  to  the  gas  main  so  that  the 
pressure  of  the  gas  acts  upon  the  diaphragm  and  by  its 
movements  gives  contact  with  the  end  of  the  balance 
lever.  The  contacts  are  connected  to  a  few  electric  cells 
or  a  low  tension  battery  and  by  wires  to  a  contact  ar- 
rangement of  the  governor,  which  is  placed  in  the  gas 
main  near  the  works.  The  governor  is  shown  in  sec- 
tion in  Fig.  9,  being  a  direct  acting  device  operated  bv 
the  gas  pressure,  which  influences  a  diaphragm.  This 
arrangement  oiTers  the  advantage  that  compared  with 
the  older  types  no  attention  is  required  to  keep  the 
water,  in  which  a  bell  flows  at  a  certain  level  and  in 
addition  renders  the  arrangement  by  the  absence  of 
water  unaffected  from  frost.  The  center  of  the  disc, 
serving  as  a  diaphragm,  is  connected  to  a  vertical  rod 
holding  on  its  lower  end  a  valve,  sliding  in  a  seat  placed 
into  the  main  gas  passage.  The  gas  pressure  underneath 
the  diaphragm  is  adjusted  by  a  special  valve  operated  by 
two  electromagnets  which  are  influenced  from  the  re- 
ceiver shown  in  Fig.  8.  Thus  if  the  pressure  on  the 
point  of  delivery  increases,  the  receiver  makes  contact 
and  transmitting  a  corresponding  contact  to  the  gov- 
ernor causes  by  the  action  of  the  valve,  operated  by  the 
electro  magnets,  the  pressure  under  the  diaphragm  to  be 
increased  and  the  foot  valve  thereby  to  be  raised  propor- 
tionately. If  the  pressure  drops  at  the  point  of  delivery, 
the  pressure  under  the  diaphragm  is  also  caused  to  drop 
by  the  same  means  and  the  foot  valve  is  correspondingly 
opened.      At   the  moment   the  electric  circuit   is   broken. 


Fig.  8 — Diaphragm  receiver  to  governor  by  Bamag  of  Berlin. 

the  valve  spindle  readjusts  the  steering  lever  automat- 
ically to  its  normal  position,  while  in  closing  the  circuit 
the  contact  is  broken  again  in  the  one  or  the  other  direc- 
tion by  means  of  an  electro  magnet  so  that  the  lever  can 
play  freely. 

The  sensitive  electric  portion  of  the  governor  is  pro- 
tected by  a  casing  with  glass  window  and  locked  to  pre- 
vent strangers  from  tampering  with  it.  The  eft'ect  of  the 
foot  valve  can  be  altered  within  wide  limits  by  turning 
the  valve  piston  by  means  of  the  handle  seen  under  the 


bottom  of  the  governor  in  Fig.  9.  For  this  purpose  the 
valve  piston  is  provided  with  two  wings,  and  the  valve 
seat  with  two  corresponding  port  holes,  the  area  of  each 
representing  the  fourth  part  of  a  circle.  By  turning  the 
valve  piston  with  the  handle,  the  port  holes  can  be 
opened  or  closed  altogether  and  the  capacity  of  the  gov- 
ernor varied  within  wide  limits.  This  additional  feature 
is  of  i)articular  importance  for  those  works  on  which  the 


Fig.  9 — Governor  by  Bamag  of  Berlin. 

volumes  sent  through  the  mains  vary  at  times  consider- 
ably while  the  pressure  conditions  are  to  remain  con- 
stant irrespective  of  the  load.  It  also  enables  the  same 
governor  to  be  used  on  works  which  expect  a  consider- 
able increase  of  gas  deliveries  gradually  or  in  time  to 
come.  In  both  diaphragm  casings,  of  the  receiver  as 
well  as  of  the  governor,  the  air  escaped  through  a  plug 
with  a  needle-fine  opening.  This  slow  escape  and  en- 
trance of  air  serves  at  the  same  time  as  a  buft'er  to  the 
movements  of  the  diaphragms  and  of  the  valve  rod. 

^\'hile  the  writer  is  particularly  connected  with  by- 
product coke  ovens,  where  electric  governors  have  come 
to  stay,  they  have  in  no  small  measure  also  helped  to 
ease  considerably  the  operations  of  blast  furnace,  pro- 
ducer and  steel  plants  and  have  been  largely  introduced 
to  all  kinds  of  works  handling  large  volumes  of  gas. 
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Selection  and  Heat  Treatment 

of  Tool  Steel 

In  the  Selection  of  the  Proper  Steel  for  a  Tool  There  Are  Various 
Intricate  Factors  to  Be  Considered. 

By  S.  C.  SPAULDING 
Metallurgist,  Halcomb  Steel  Co. 


TOOL  steel  as  its  name  implies  is  steel  adapted  for 
the  making  of  tools.  The  determining  points  of 
its  adaptability  are  capability  of  fabricating,  ma- 
chining, forging,  pressing,  etc.,  and  possibility  of  safely 
hardening  or  suitably  heat  treating  to  put  it  in  con- 
dition for  use.  Of  the  two  points  the  latter  is  the 
most  important  as  we  can  afford  some  extra  trouble 
or  expense  in  fabrication  if  greater  safety  in  hardening 
or  better  production  from  the  hardened  tool  is  obtained. 
In  the  early  days  the  problem  was  simple.  There 
was  only  one  kind  of  steel,  the  straight  carbon  from 
which  to  make  all  tools.  The  hardener  did  not  need 
to  worry  about  whether  it  was  a  tungsten  steel  or  a 
vanadium  steel  requiring  special  handling  in  heating 
and  quenching.  As  long  as  the  proper  carbon  con- 
tent had  been  selected  he  merely  need  bring  jt  to  the 
proper  temperature,  quench  in  water  or  brine,  draw 
back  the  temper  for  the  service  required  and  all  was 
well.  This  simple  carbon  tool  steel  ranging  from  0.60 
to  1.25  carbon  is  still  widely  and  rightly  used  today 
for  many  tools.  It  is  only  where  special  requirements 
of  speed,  service,  or  duty  are  needed  that  the  special 
tool  steels  are  economical.  It  is  often  said  that  this 
is  an  age  of  specialization  for  every  need  a  definite 
prescription.  In  the  last  few  years  many  special  tool 
steels  have  been  developed  and  in  the  near  future  there 
can  be  no  doubt  that  many  new  and  seemingly  revolu- 
tionary steels  will  be  in  use. 

In  selection  of  the  proper  steel  for  a  tool  there  are 
certain  factors  to  be  considered. 

(1)  The  amount  and  intricateness  of  machining 
to  be  done  on  it.  If  much  stock  is  to  be  removed  and 
complicated  shapes  to  be  cut  it  must  machine  readily. 
If  we  merely  need  to  drill  a  hole  in  it  ease  of  machining 
is  not  so  important. 

(2)  Can  the  tool  be  readily  ground  to  size  after 
hardening  or  must  it  come  through  the  hardening  with 
minimum  change  in  shape? 

(3)  Is  it  going  to  be  easy  or  difficult  to  harden 
without  'breakage. 

(4)  Will  it  have  steady  cutting,  have  light  shock 
or  will  it  be  subjected  to  heavy  blows?  Is  it  to  do 
heavy  duty  work,  removing  maximum  metal  in  mini- 
mum time  or  is  the  amount  of  metal  to  be  removed 
small  but  the  finish  obtained  on  the  piece  important? 

(5)  The  kind  of  material  to  be  cut,  metal,  wood, 
fiber,  paper,  felt,  etc. 

(6)  Will  it  operate  on  cold  or  hot  metal  ? 

(7)  Is  it  to  make  only  one  or  two  pieces  or  must 
it  turn  out  great  numbers  of  the  same  kind  of  parts? 

In   regards   the   first  point,  practically   any   of  the 


ordinary  carbon,  alloy,  or  high  speed  steels  can  be 
annealed  to  machine  readily  and  under  proper  handling 
easily  and  safely  forged.  For  some  special  purposes 
however  as  in  fine  wire  drawing  dies  where  only  a 
simple  hole  need  be  pierced  in  them  ease  of  machining 
is  of  secondary  important  and  special  steels  are  used 
which  even  in  the  annealed  state  are  hard  and  are  not 
capable  of  ready  machining. 

Considering  the  second  factor  in  selection.  In 
hardening  steel  expands,  becomes  less  dense  or  in  other 
words  the  same  piece  of  steel  after  hardening  is  larger, 
takes  up  more  room  than  it  did  before.  Now  as  this 
hardened  piece  is  tempered  or  drawn  it  contracts  and 
at  some  certain  temperature  it  will  come  back  to  its 
original  density  or  occupy  the  same  space  as  it  did 
before  hardening.  If  however  it  is  necessary  to  heat 
it  or  draw  it  to  so  high  a  temperature  that  it  becomes 
soft  before  it  returns  to  its  original  size,  as  a  tool  it 
has  become  useless.  The  carbon  tool  steels  were  all 
found  to  be  subject  to  this  disadvantage.  Where  the 
tool  was  a  simple  one  it  could  easily  be  ground  to 
the  required  shape  after  hardening  and  warpage  was 
not  harmful.  Where  however  the  shape  was  compli- 
cated grinding  was  not  always  possible  and  lapping 
very  expensive.  You  can  readily  realize  for  instance 
that  fine  thread  gages  where  accuracy  is  vital  would 
be  prohibitivel}'  expensive  if  made  from  a  steel  which 
expanded  so  much  in  hardening  that  much  metal  must 
be  removed  by  lapping.  Again  many  dies  are  so  in- 
tricate that  they  must  be  built  up  in  sections  which 
lit  accurately  together.  If  after  hardening  these  sec- 
tions are  all  out  of  shape  much  expensive  grinding  and 
lapping  must  be  done.  In  the  early  davs  of  manufac- 
turing things  were  on  a  small  scale  and  intricate  dies 
not  so  common.  As  modern  American  production 
methods  came  into  vogue  larger  and  more  compli- 
cated tools  were  designed  and  to  meet  these  require- 
ments the  steel  men  developed  an  oil  hardening  non- 
changeable  tool  and  die  steel.  This  steel  hardens  verj^ 
deeply  and  though  it  has  a  normal  expansion  on  hard- 
ening when  drawn  at  a  low  temperature  before  any 
softening  occurs  it  returns  to  its  original  size  and 
shape.  Since  its  introduction  it  has  had  a  wide  and 
wonderful  use  saving  annually  thousands  of  hours  of 
otherwise  necessary  grinding  and  lapping.  I  consider 
the  development  of  this  steel  one  of  the  great  ac- 
complishments of  modern  metallurgy. 

The  third  factor  that  of  probability  of  breakage  in 
hardening  would  if  carefully  considered  by  the  tool 
designer  and  metallurgist  who  selects  the  steel  save 
large  amounts  of  money  by  preventing  unnecessary 
breakage.     Of  course  it  is  necessarv  in  manv  tools  to 
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have  keyways,  sharp  angles,  abrupt  changes  of  section, 
but  many  times  their  effect  could  be  ameliorated  by 
the  generous  use  of  fillets.  There  has  been  an  en- 
couraging tendency  of  late  to  recognize  the  danger 
of  sharp  corners  and  in  place  of  the  old  square  keyway 
we  find  most  of  the  large  tool  manufacturers  using 
the  half  round  keyway  having  no  corners.  This 
change  came  as  an  economic  necessity.  When  the  pro- 
duction of  tools  in  large  quantities  was  attempted  tools 
had  to  be  hardened  by  large  scale  production  methods, 
a  particularly  delicate  one  could  not  be  picked  out 
and  nursed  by  an  expert  man.  They  were  all  put 
through  together  on  an  accurately  determined  time 
temperature  basis  and  with  the  old  square  keyway  the 
losses  from  breakage  became  prohibitively  large.  The 
large  manufacturer  thus  found  that  as  a  matter  of  self 
preservation  he  must  give  careful  thought  in  design- 
ing a  tool  to  the  elimination  of  all  possible  causes  of 
breakage.  Another  very  frequent  cause  for  breakage 
is  abrupt  change  of  section  thin  to  thick  or  thick  to 
thin.  Often  it  is  impossible  to  change  the  design  to 
eliminate  breakage  risk  and  again  it  is  necessary  to 
go  to  the  same  oil  hardening  non-changeable  steel,  as 
tools  would  invariably  crack  if  of  water  hardening  tool 
steel. 

The  fourth  consideration  that  of  the  duty  required 
of  the  steel  is  of  prime  importance  in  its  selection  for 
the  tool.  Steels  which  are  made  for  heavy  roughing 
or  hogging  cuts  are  not  suitable  for  light  finishing 
cuts.  In  removing  a  heavy  chip  at  high  speed  the 
metal  is  pushed  and  torn  off.  The  extreme  edge  of 
the  tool  does  not  have  or  need  a  keen  edge.  The 
work  of  the  tool  falls  on  an  area  just  back  of  the  cut- 
ting edge  where  the  pressure  of  the  chip  comes.  The 
tool  will  keep  on  cutting  until  the  heat  generated  by 
this  chip  friction  becomes  so  great  that  the  nose  gives 
way  and  the  tool  ceases  to  cut.  Hence  for  this  work 
the  problem  is  to  select  a  steel  having  maximum  heat 
resisting  powers,  that  is  one  which  has  the  maximum 
resistance  to  softening  under  the  operating  heat.  The 
tool  should  then  be  designed  so  as  to  have  maximum 
heat  conduction  as  the  faster  the  heat  is  conducted 
away  from  the  cutting  edge  the  more  work  it  will 
stand  before  breaking  down.  For  these  fields  two 
typical  high  speed  steels  have  been  developed.  One 
all  around  type  which  stands  much  heavy  work  yet 
when  properly  shaped  and  with  light  cuts  will  produce 
good  finish,  and  hold  a  fair  edge.  The  other  type  has 
greater  heat  resisting  powers,  will  stand  up  to  heavier 
cuts  and  on  harder  material  but  will  not  hold  as  good 
a  finishing  edge.  For  the  small  shop  doing  miscel- 
laneous work  the  first  type  will  be  the  best.  The  other 
is  a  specialty  steel  to  be  adapted  to  particular  jobs. 
There  are  other  tools  where  ability  to  remove  large 
amounts  of  metal  is  unimportant,  the  main  consider- 
ation being  the  taking  of  a  keen  edge  and  producing 
a  good  finish  on  the  work.  For  this  purpose  the 
straight  carbon  or  semi-high  speed  finishing  steels  are 
adapted.  The  manner  of  using  the  tool  should  receive 
important  consideration.  If  it  is  to  have  great  shock 
like  a  hammer  die  it  must  have  a  tough  cushion  in- 
terior to  keep  it  from  flying  to  pieces.  Tool  designers 
thinking  only  of  the  hardness  feature  have  put  high 
speed  steel  into  hammer  dies  only  to  see  them  fly  to 
pieces  on  the  first  blow,  it  is  we'll  to  remember  that 
a  tool  to  resist  great  and  repeated  shocks  must  have 
toughness.  Where  this  shock  factor  is  absent  we  can 
make  our  selection  by  its  cutting  or  working  powers 
but  where  repeated  heavy  shock  is  present  that  must 


be  the  governing  factor  as  we  might  select  a  steel  to 
give  us  the  hardest  and  densest  die  in  the  world  yet  if 
it  flew  to  pieces  at  the  start  it  would  never  be  of  much 
use  to  us.  . 

The  kind  of  material  to  be  cut  is  a  vital  factor.  The 
steel  which  does  good  work  cutting  steel  does  not  al- 
ways do  so  well  in  cutting  brass,  wood,  fiber,  felt,  etc. 
For  cutting  felt  or  paper  a  very  keen  edge  is  necessary 
and  the  high  speed  steel  made  for  roughing  work 
would  not  be  in  the  running  with  a  high  carbon  straight 
carbon  tool  steel.  W'ood  working  tools  for  machine 
use  must  stand  heat  as  they  run  at  very  high  speeds 
yet  the  regular  high  speed  steel  would  not  do  as 
though  it  might  stand  the  heating  it  would  be  too 
brittle  and  break  under  the  shock  of  striking  a  knot  or 
perhaps  a  nail  or  spike  without  breaking  or  dulling  the 
cutting  edge. 

Considering  the  sixth  point,  I  may  say  at  the  start 
by  hot  metal  I  mean  metal  at  least  a  red  heat.  When 
a  tool  works  on  hot  metal  it  naturally  absorbs  some 
of  the  heat  and  in  order  for  it  to  stand  up  it  must 
exhibit  resistance  to  wear  when  hot.  Plain  carbon 
steels  do  not  exhibit  this  property  to  any  great  extent 
and  we  must  turn  to  a  special  type  of  steel.  During 
the  late  war  until  a  hot  work  steel  suitable  for  piercing 
shells  was  developed  the  production  of  this  type  of 
shells  suffered  for  lack  of  piercing  tools.  Other  jobs 
where  special  hot  work  steels  prove  their  worth  are, 
hot  bolt  and  nut  machines,  riveting,  hot  shears,  etc. 

The  last  factor  is  one  of  economy  rather  than  suit- 
ability of  the  steel  for  the  tool.  For  instance,  suppose 
we  are  making  a  punch  and  die  for  blanking  out  parts 
of  which  we  need  hundreds  of  thousands  or  millions, 
numbers  beyond  the  possible  production  of  any  one 
die.  The  cost  of  the  material  of  which  we  make  the 
die  is  negligible  compared  with  the  advantage  of  in- 
creased production.  We  will  therefore  use  the  steel 
best  suited  to  give  the  greatest  production  regardless 
of  its  cost.  On  the  other  hand  if  we  are  to  make  only 
one  or  two  pieces  with  a  tool  it  will  not  pa}'  to  use  an 
expensive  steel  which  is  capable  of  high  production 
where  a  cheap  grade  will  make  as  manj'  as  we  need. 

This  covers  the  salient  factors  to  be  considered  in 
the  selection  of  a  steel  for  a  tool.  Careful  considera- 
tion of  them  by  metallurgists  and  tool  designers  or 
others  who  are  to  specify  what  goes  into  a  tool  would 
prevent  many  costly  tool  failures.  Make  it  a  rule  to 
consider  these  points  as  the  first  step  in  designing  a 
tool  and  if  an  uncertainty  comes  up  consult  the  steel 
man  before  it  is  too  late  so  that  he  can  help  you  to 
make  a  perfectly  designed,  easy  hardening  high  pro- 
duction tool. 

Turning  nov\'  to  the  heat  treatment  of  the  tool. 
Very  few  tools  are  useful  in  the  condition  in  which 
they  leave  the  tool  makers  hands.  They  almost  al- 
ways require  hardening  or  toughening  to  some  de- 
gree. This  is  accomplished  by  heat  treatment.  The 
usual  procedure  may  be  outlined  as  follows.  First, 
heat  to  some  definite  temperature.  Second,  remove 
from  the  heating  medium  and  cool  in  some  manner. 
Third,  reheat  to  some  definite  temperature  to  remove 
brittleness  and  produce  the  required  degree  of  hardness 
and  toughness. 

To  accomplish  the  first  step  we  must  have  a  means 
for  heating.  There  are  many  ways  of  applying  heat, 
from  an  open  gas  burner,  blow  torch,  coal  forge,  gas 
or  oil  fired  furnace  to  the  most  refined  accurately  con- 
trolled   electrically    heated    furnace.      To    select    the 
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proper  inedium  let  us  first  consider  what  goes  on 
when  a  piece  of  steel  is  heated.  As  the  steel  absorbs 
heat  it  gradualh-  expands  that  is  becomes  longer  and 
wider  and  thicker.  As  the  heat  increases  this  expan- 
sion increases  at  a  definite  and  uniform  rate  until  a 
point  called  the  decalescnt  or  critical  point  will  be 
reached.  As  heat  continues  to  be  applied  beyond  this 
I)oint  the  rate  of  expansion  sufifers  a  very  great  and 
sudden  change.  In  fact  the  steel  begins  to  contract. 
Now  as  the  heat  is  increased  beyond  this  point  the 
steel  commences  to  expand  once  more  but  at  a  much 
more  rapid  rate  as  shown  by  the  increased  steepness 
of  the  portion  of  the  curve  beyond  C.  The  steel  ex- 
pands first  slowly  then  contracts  then  expands  rapidly. 
Su()pose  it  is  healing  at  a  \'crv  rapid  rate,  the  corners 
and  the  small  projections  getting  liot  much  sooner  than 
the  main  l)ody,  they  must  have  expanded  then  con- 
tracted then  expanded  very  rapidly  just  at  the  time 
perhaps  when  the  main  body  to  which  they  are  at- 
tached was  starting  to  contract.  We  easily  see  then 
that  very  severe  and  unequal  strains  have  been  set 
up  in  our  tool  and  after  we  quench  and  temper  it  we 
will  doubtless  find  a  corner  or  small  projection  miss- 
ing, or  the  piece  may  hold  together  but  be  badly 
warped  requiring  excessive  and  unnecessary  expense 
for  grinding  and  straightening.  Suppose  we  place  the 
tool  in  a  furnace  which  though  it  may  not  heat  rapidly 
is  not  of  a  uniform  temperature  at  all  points,  then  one 
portion  of  our  tool  will  always  be  at  a  different  tem- 
perature than  another  and  the  same  strains  set  up  as 
in  rapid  heating.  \\'e  will  draw  the  conclusion  then 
that  the  tool  must  be  heated  slowly  and  uniformly  if 
we  wnsh  to  minimize  warpage  and  breakage. 

Having  considered  the  effect  of  heating  a  piece  of 
steel  and  obtained  some  conception  of  the  ideal  heat- 
ing cycle  let  us  inquire  into  the  means  at  hand  for 
carrying  this  process  out.  Heating  devices  are  wide 
in  number  and  in  variety  of  design  but  few^  are  fit 
for  the  work.  The  oldest  and  one  of  the  simplest 
methods  is  the  charcoal  fire  or  coal  forge.  Here  rate 
of  heating  and  uniformity  of  heating  are  all  a  matter 
of  skill  and  judgment.  There  is  no  fixed  point  to  go 
by,  the  man  simply  heaps  up  a  fire  and  works  it  down 
to  get  the  conditions  as  he  wants  them.  It  is  impos- 
sible in  the  forge  to  exactly  duplicate  conditions  and 
the  smith  will  turn  out  some  wonderfully  good  and 
some  woefully  bad  tools.  If  the  fire  is  made  very  large 
it  is  hard  to  keep  all  parts  at  the  same  heat.  The  best 
chances  for  good  work  are  with  a  small  fire  and  small 
tools,  yet  I  have  seen  shops  where  large  and  compli- 
cated pieces  were  hardened  in  a  forge  fire  usually  to 
the  detriment  of  the  piece.  Another  more  modern  but 
more  to  be  condemned  method  is  the  gas  torch  vou 
will  find  in  many  tool  rooms.  While  it  has  its  place 
in  straightening,  melting  lead,  etc.,  it  is  not  suitable 
for  tool  hardening.  Yet  you  will  see  a  tool  maker 
attempt  to  heat  a  fairly  good  sized  piece  in  it  for 
hardening.  The  result  is  nearly  always  poor.  One 
side  is  blistered  and  decarburized  while  the  other  side 
is  cold  and  if  he  gets  it  through  without  cracking  it 
will  have  soft  spots. 

To  turn  to  heating  devices  in  which  we  at  least 
have  a  possibility  of  carrying  out  our  process  in  the 
proper  manner  we  find  electric,  gas,  oil,  and  coal  fired 
mufifle  and  semi-mufifle  furnaces.  Full  muffle  furnaces 
are  seldom  used.  The  usual  medium  is  the  semi- 
nuiffie  where  the  hot  gases  of  combustion  come  in 
contact  wnth  the  work  to  be  heated.  Electric  furnaces 
have  not  a   wide  use   in   tool   hardening  due   to   their 


greater  cost  although  they  make  an  ideal  heating 
medium.  Gas  is  most  used  in  tool  rooms  and  small 
sho[)s  due  to  its  flexibility  and  simplicity  of  installa- 
tion, ease  of  control  and  absence  of  dirt.  Oil  is  used 
in  large  plants  where  the  number  of  furnaces  in  opera- 
tion justifies  the  ex[)ense  of  installing  pumps  and  tanks 
to  utilize  its  chea[)er  cost.  Coal  is  not  suitable  for  a 
small  furnace  but  may  be  used  to  heat  large  heat  treat- 
ing furnaces.  As  we  have  said  that  semi-muffle  fur- 
naces in  which  the  gases  of  combustion  come  in  con- 
tact with  the  steel  being  heated  are  usually  used,  the 
effect  these  gases  may  have  on  our  tool  becomes  im- 
portant. Free  oxygen  or  carbon  dioxide  in  the  gases 
will  combine  with  the  carbon  in  the  steel  removing  it 
first  from  the  surface  then  deeper  and  deeper  until  we 
get  a  decarburized  layer  (jf  appreciable  depth  which 
will  not  harden  and  spoils  the  tool  unless  it  can  be  re- 
moved by  grinding.  Oxygen  also  reacts  with  the 
iron  in  the  steel  to  form  an  oxide  scale  while  carbon 
dioxide  reacts  onlv  with  the  carbon  and  leaves  no 
scale.  A  small  amount  of  oxygen  in  the  furnace  gases 
is  preferable  to  carbon  dioxide  as  its  action  on  carbon 
and  iron  forms  a  scale  over  the  surface  which 
on  quenching  in  water  will  fall  oflf  leaving  a  hard 
finish.  Carbon  dioxide  in  the  gases  is  more  to  be 
feared  as  it  does  not  show  Its  presence  by  scale  for- 
mation and  though  the  tool  comes  out  of  the  quench 
perfectly  clean  looking  it  will  have  a  soft  surface  of 
decarburized  iron.  The  safest  way  is  to  so  control 
our  furnace  atmosphere  that  we  have  neither  free 
oxygen  nor  carbon  dioxide  present  but  have  our  gases 
all  carbon  monoxide  as  this  gas  will  not  react  with  a 
clean  piece  of  steel.  If  the  piece  be  coated  with  scale 
however  from  a  previous  oxidizing  atmosphere  the 
carbon  monoxide  will  reduce  this  scale  to  iron  and 
again  we  will  have  a  soft  surface  on  our  quenched  tool. 
The  customary  way  of  obtaining  a  reducing  or  carbon 
monoxide  atmosphere  is  to  supply  insufficient  air  for 
complete  combustion  of  our  fuel.  This  is  sometimes 
known  as  running  with  a  smoky  flame.  Excessive 
sulphur  in  the  fuel  will  cause  a  soft  surface  on  our 
hardened  piece  but  this  trouble  is  seldom  met  with. 
The  above  applies  to  heating  in  semi-muffle  furnaces 
or  so  called  open  fire  hardening.  Another  process 
finding  extensive  use  for  many  purposes  is  bath  heat- 
ing. Here  a  pot  is  filled  with  lead  or  a  salt  and  heated 
in  a  specially  adapted  furnace  till  it  is  molten  and 
brought  up  to  the  required  temperature.  Lead  is  the 
most  used  medium.  However  special  salts  and  cyanide 
find  wide  use.  In  the  use  of  a  bath  we  have  to  guard 
against  too  rapid  heating.  A  piece  immersed  in  a  bath 
at  the  hardening  temperature  comes  up  to  heat  in  a 
few  minutes  as  the  heating  is  by  direct  conduction. 
Such  a  quick  application  of  heat  is  not  the  best  thing 
for  a  tool  steel  and  where  hardening  baths  are  used  a 
])reheating  bath  or  furnace  should  be  provided  so  that 
in  the  final  heat  we  only  have  to  raise  the  temperature 
a  few  hundred  degrees,  as  a  general  rule  we  might  say 
that  bath  heating  is  best  applied  only  to  small  and 
simply  shaped  pieces  or  where  only  local  hardening 
is  desired. 

Having  briefly  covered  the  methods  of  heating  we 
will  turn  to  the  next  operation,  that  of  cooling  the 
heated  piece.  There  are  as  many  cooling  mediums  as 
there  are  liquids  but  only  four  that  have  any  wide 
use.  These  in  order  of  their  speed  of  cooling  with  the 
most  rapid  are,  first,  brine,  water,  oil.  air.  Brine  is 
useful  where  extreme  hardness  is  desired  and  particu- 
larlv    where    we    do    not    have    a    circulating    svstem. 
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Where  we  have  a  copiiis  supply  of  cool  clear  water 
under  pressure  piped  to  our  quenching  tank  brine  is 
not  necessary.  Where  however  we  merely  have  a  tank 
with  no  inlet  or  outlet  brine  is  to  be  preferred  as  it 
will  give  a  more  drastic  quench  than  still  water  and 
its  quenching  powers  will  not  fall  so  rapidly  with  rise 
in  temperature.  Oil  at  the  start  of  the  quench  cools 
the  piece  almost  as  rapidly  as  water.  The  cooling  rate 
quickly  falls  off  however  and  as  we  get  down  around 
800  deg.  F.  and  below  the  rate  is  very  slow.  A  water 
hardening  steel  unless  in  very  small  section  will  soften 
under  this  slow  cooling.  It  is  only  certain  of  the  tool 
steels  which  have  been  especially  designed  for  it  that 
will  harden  when  quenched  in  oil.  In  the  tool  steel 
line  oil  quenching  finds  its  greatest  use  in  the  hard- 
ening of  high  speed  steel.  Air  is  the  slowest  of  the 
quenches  and  is  used  only  occasionally  for  high  speed 
and  air  hardening  steels.  The  air  is  usually  supplied 
as  a  blast  which  is  applied  to  the  nose  of  the  tool. 
An  objection  to  air  quenching  is  the  heavy  scale  that 
is  formed.  Special  quenching  mediums  which  might 
be  mentioned  are  molten  lead  and  salts  usually  at  a 
temperature  of  1,000  deg.  to  1,100  deg.  F.  for  quench- 
ing high  speed  steel.  There  is  less  liability  of  cracking 
and  warping  when  this  quench  is  used  and  the  steel 
gets  just  as  hard  as  when  quenched  in  oil.  A  quench 
in  a  hot  bath  at  1,100  is  not  equivalent  to  a  quench 
in  oil  and  draw  to  1,100.  After  a  quench  in  a  hot 
bath  the  tool  should  be  removed,  let  cool  down  to 
atmosphere  and  reheated  to  1,100  for  drawing.  Be- 
fore leaving  the  subject  of  quenching  I  must  say  that 
in  quenching  as  in  heating  uniformity  is  the  watch- 
word. More  pieces  are  cracked  from  the  quench  being 
as  you  might  say  not  drastic  enough  than  from  having 
too  great  a  flow  and  pressure  of  water.  Where  our 
circulation  is  feeble  and  uncertain  we  may  get  a  flow 
of  water  against  one  part  and  still  water  at  others. 
This  condition  is  likely  to  result  in  warpage  and  break- 
age. Have  a  copius  supply  under  good  pressure  and 
our  inlets  so  arranged  as  to  give  a  uniform  flow  all 
around  the  piece  and  best  results  will  be  obtained. 

The  final  operation  in  hardening  of  a  tool  is  drawing 
or  tempering.  This  consists  in  reheating  to  some  point 
below  where  appreciable  softening  results  but  high 
enough  so  that  the  strains  from  hardening  will  be  re- 
lieved and  consequent  brittleness  taken  out.  A  tool 
which  has  not  been  drawn  will  fly  to  pieces  under  the 
least  shock  whereas  the  same  piece  after  drawing  to 
the  proper  heat  will  stand  considerable  shock  and  still 
be  just  as  hard  after  drawing  as  before.  There  are 
various  methods  of  accomplishing  this  reheating  or 
drawing.  It  may  be  done  bv  the  use  of  baths  as  oil, 
in  sand  on  a  hot  plate,  in  front  of  a  furnace  door,  by 
a  torch  or  flame,  or  by  heat  left  in  the  piece  itself.  The 
last  method  might  in  some  respects  seem  the  best  but 
in  practice  is  good  only  for  small  and  simply  shaped 
pieces.  Where  the  piece  is  large  or  of  intricate  shape 
it  is  impossible  to  get  all  parts  drawn  uniformly  from 
heat  left  in  it.  I  have  seen  many  times  cubical  or  rec- 
tangular hammer  dies,  the  face  of  which  have  been 
chilled  and  enough  heat  left  in  the  back  to  gradually 
bring  the  face  up  to  a  tempering  heat  drawn  by  this 
method.  It  is  not  to  be  recommended  because  if  the 
piece  is  of  any  size  uniform  drawing  is  impossible.  The 
center  part  of  the  face  gets  hot  first  and  although  the 
hardener  puts  wet  swabs  on  it  in  an  attempt  to  hold  it 
back  till  the  ends  and  corners  catch  up  he  is  never 
entirely  successful.  The  piece  should  be  cooled  down 
further  in  the  quench  so  that  there  is  only  enough  heat 


left  in  it  to  slowly  dry  itself  ofT  then  reheated  for  the 
draw.  This  is  many  times  done  on  a  hot  plate  or  in 
front  of  a  furnace  door.  This  method  is  applicable 
where  we  want  a  soft  back  and  a  hard  face  but  will 
not  work  where  we  want  uniformity  of  draw  in  all 
parts.  A  piece  which  has  been  drawn  on  a  hot  plate 
from  the  back  up  will  show  a  steady  gradation  of  hard- 
ness from  the  face  down.  If  it  is  a  die  which  is  to  be 
used  many  times  over  by  grinding  off  the  face  we  will 
get  in  trouble  for  as  we  grind  of?  we  get  into  softer  and 
softer  metal.  For  uniform  drawing  a  bath  in  which 
the  tool  can  be  immersed  or  a  low  temperature  oven 
is  the  only  method.  For  a  bath  oil  is  used  up  to  550 
deg.  F.  and  molten  lead  and  salt  mixtures  above  this. 
Drawing  ovens  are  usually  heated  by  gas  or  electricity. 
The  great  majority  of  tools  exclusive  of  high  speed  are 
drawn  at  375  deg.  F.  and  under,  only  when  extreme 
hardness  is  not  necessary  do  we  go  higher,  where 
toughness  and  not  great  hardness  is  desired  we  go  to 
450  deg.  F.  and  sometimes  500  deg.  F.  Drawing  is  a 
progressive  phenomena  and  time  at  temperature  is  a 
vital  consideration.  In  all  the  above  I  consider  the 
piece  to  be  held  thirty  minutes  at  heat.  Thirty  min- 
utes has  been  found  to  be  sufficient  time  so  that  a 
rather  stable  condition  has  been  reached.  This  means 
that  the  same  result  will  be  reached  in  thirty  as  in 
forty,  fifty  or  twenty-five  minutes,  whereas  if  we  drew 
our  piece  for  only  five  minutes  increase  or  decrease  of 
a  few  minutes  would  have  a  marked  effect.  If  a  piece 
be  held  several  hours  at  heat  more  effect  may  be  pro- 
duced than  in  thirty  minutes  but  for  all  practical  pur- 
poses thirty  minutes  is  ample  time.  Another  great 
advantage  of  the  bath  or  oven  is  that  a  thermometer 
or  other  temperature  measuring  device  will  give  us  an 
accurate  indication  of  the  temperature  obtained.  When 
drawing  on  a  plate  or  other  simple  heat  we  have  no 
indication  of  the  temperature  but  the  color  it  assumes 
at  certain  heats.  This  is  an  inaccurate  indication  as 
all  steels  do  not  take  the  same  colors  at  the  same  tem- 
peratures and  the  condition  of  the  surface  and  the 
kind  of  light  eil'ect  the  color.  \\'hat  will  appear  as  a 
light  straw  color  b}'  artificial  light  will  be  no  color 
at  all  by  day  light.  A  disadvantage  of  the  oven  heater 
as  compared  with  the  bath  is  the  impossibility  of 
telling  just  how  long  it  takes  different  sized  pieces  to 
become  heated  through.  At  the  low  temperatures 
used  for  drawing  it  doubtless  takes  several  hours  to 
thoroughly  heat  a  large  piece  in  an  oven  whereas  in 
a  bath  where  the  piece  is  totally  immersed  it  becomes 
heated  quickly  and  the  size  makes  very  little  differ- 
ence provided  the  bath  is  large  enough  to  contain  it. 
An  advantage  of  the  oven  is  cleainless.  In  either  type 
care  must  be  taken  not  to  have  the  steel  being  drawn 
touch  the  bottom  or  sides  of  the  container. 


NEW  HIGH  RECORD 

The  blast  furnace  of  Weirton  Steel  Co.,  \\^eirton. 
W.  Va.,  on  March  15,  established  a  new  high  record 
for  one  day's  production  of  pig  iron  from  one  furnace 
when  it  tapped  845.6  gross  tons  of  pig  iron.  This  is 
the  second  record  made  in  a  week  by  this  furnace 
which  on  March  9,  produced  826.1  gross  tons,  thus 
surpassing  the  former  ])r()duction  mark  previously  held 
by  Nci.  1  furnace.  Pittsburgh  Steel  Co.,  Monessen,  Pa. 
In  the  first  15  days  of  March  the  furnace  of  ^^'eirton 
Steel  Co.  produced  11,105.3  gross  tons,  an  average  of 
740.35  gross  tons  per  day. 
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New  Reversing  Valves  for  Open  Hearth 

Furnaces 

A  New  Construction  of  a  Bell  Valve  Is  Described,  Consisting  of 
Two  Parts  Which  Are  Separated  by  Water  Cooled  Partition  Wall 
— Many  Disadvantages  of  Regular  Type  Valves  Are  Overcome. 

By   HUBERT   HERMANNS 


THE  simplest  and  even  today  most  commonly  used 
valve  construction  for  open  hearth  furnaces  is  the 
simple  cylinder  valve,  a  hollow,  cylindrical  and  at 
the  lower  end  open  body  with  built-in  partition,  which 
keeps  the  gas  current  airtight  against  the  outside  by 
means  of  a  water  seal. 

A  disadvantage  in  this  simple  but  efficient  construc- 
tion lies  principally  in  the  partition  wall,  which,  under 
the   influence  of   the  hot  gases,  is  destroyed   in  a  corn- 


Fig.  1. 

paratively  short  time,  therefore  necessitating  the  repair 
or  complete  change  of  the  valve.  The  valve  can  only 
be  inspected  during  shutdowns  of  the  furnace  and  it  hap- 
pens therefore  quite  frequently  that  the  valve  is  used  in 
a  defective  condition.  This  results  in  heat  losses,  in- 
crease in  working  time  and  lower  production.  Another 
disadvantage  of  this  bell  valve  of  the  usual  design  is  the 
way  in  which  the  valve  is  made  airtight.  Lender  the  con- 
stant influence  of  the  hot  gases,  the  water  evaporates  in 
large  quantities  and  enters  the  furnace  with  the  gases, 
resulting  in  larger  quantities  of  slag  and  other  draw- 
backs to  operation. 

.•\  new  cylinder  valve,  in  which  the  above  mentioned 
disadvantages  are  eliminated,  is  made  by  the  Mann- 
staedter-Works  A.   G.  at  Troisdorf   near  Cologne.     In 


designing  this  valve,  the  main  point  was  to  protect  the 
partition  walls  from  the  destroying  influences  of  the  hot 
gases  and  on  the  other  hand  to  construct  the  valve  in 
such  a  way  that  the  partition  walls  can  be  inspected 
even  during  the  time  the  furnace  is  in  operation.  The 
valve  is  made  in  two  halves  and  connected  in  such  a 
way  that  between  the  two  inner  walls  serving  as  partition 
walls,  an  air  space  is  kept,  allowing  observation  and  in- 
spection of  the  partition  walls  even  during  the  operation 
of  the  furnace.  Through  this  space  cooling  water  can 
be  admitted,  thus  practically  omitting  the  danger  of  de- 
molishing the  partition.  To  prevent  the  water  vapors 
from  entering  the  combustion  chamber,  an  angular  ring 
made  of  cast  iron  is  inserted  on  the  inside  of  the  water 
seal,  whereby  the  water  surface  is  covered.  The  cooling 
water  is  admitted  by  means  of  two  tubes.  The  water 
vapors  coming  from  the  water  seal  keep  the  water  in 
constant  circulation  between  the  inside  of  the  cylinder 
and  the  cvlinder  cover.  Even  the  web  of  the  cast  iron 
ring  is  protected  by  the  cooling  water  against  the  dam- 
aging influence  of  the  hot  gases. 

Fig.  1  shows  the  outside  view  and  Figs.  2  and  3  cross 
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Fig.  2. 


section  and  top  view  of  one  of  the  hand-operated  valves, 
built  according  to  the  above  specifications. 

The  cvlinder  (7  (Figs.  2  and  3)  hangs  on  levers  b 
with  counterweights  c.  The  cast  iron  ring  (/  lies  in  posi- 
tion on  the  insicie  wall  c  of  the  water  seal,  thus  separat- 
ing the  water  seal  from  the  gas  chamber.  The  middle 
partition  /  consists  of  two  parallel  iron  plates  between 
which  the  cooling  water  flows  through  pipes  g  and  then 
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into  the  water  seal.     While  turning,  the  cyhnder  is  guided 
by  guiding  rolls  h. 

Another  remarkable  feature  is  the  Rlannstaedtcr  gas 
reversing  valve,  operated  automatically.  The  valve  seat 
has  an  inside  diameter  of  26  inches.  The  cast  iron  valve 
plate  is  hanging  on  a  rod,  which  is  held  by  a  cable  of 


Fig.  3. 

■/i-in.  diameter.  The  valve  body,  made  of  sheet  steel, 
has  a  cast  iron  cover,  through  which  the  valve  rod  passes 
by  means  of  a  split  stuffing  box  and  a  split  gland.  The 
explosion  door,  arranged  on  the  side,  is  of  the  usual 
construction.  To  equalize  the  weight  of  the  valve  plate, 
a  lever  with  counterweight  is  provided. 

The  connection  with  the  valve  described  is  effected 
in  such  a  way  that  the  cable,  running  over  a  roll,  shuts 
down  the  gas  valve  automaticallv  as  soon  as  the  bell  is 


Fig.  4. 

raised.  While  with  the  ordinary  valve  construction  dur- 
ing reversal  the  gas  flows  without  resistance  to  the  chim- 
ney, in  our  valve,  the  loss  of  gas  during  reversal  is 
eliminated,  therefore  resulting  in  the  saving  of  a  con- 
siderable amount  of  gas  and  coal.  In  spite  of  not  hav- 
ing any  dependable  test  data,  it  is  safe  to  assume  for  a 


furnace  with  a  capacity  of  100  gross  tons  per  24  hours 
that  during  the  whole  melting  time  appro.ximately  40  re- 
versals are  necessary  and  that  each  reversal  requires 
about  10  seconds ;  we  then  have  400  seconds  or  nearlv  7 
minutes  for  every  charge.  Furthermore  for  each  charge 
4  minutes  are  needed  for  getting  the  furnace  ready,  since 
this  is  also  done  during  the  middle  position  of  the  valve. 
Thus  the  valve  during  each  charge  lets  the  gas  escape  to 
the  chimney  for  11  minutes,  i.  e.,  for  the  whole  double 
shift  4  X  11  =44  minutes.  If  the  total  coal  consump- 
tion is  taken  as  24  gross  tons  in  14  hours  and  the  price 

1440  y  24 

at  $3.00  per  ton,  we  have  a  saving  of  coal  of — - 

"44 

=  785  or  about  800  kg.  or  1.765  lbs.,  which  corresponds 
to  a  saving  of  about  $2.36. 

As  a  matter  of  fact,  the  escape  of  gas  during  revers- 
ing should  be  assumed  to  be  much  higher,  since  the  gas 
flows  in  the  direction  of  the  chimney  with  almost  twice 
the  velocity,  on  account  of  not  finding  any  resistance. 
For  this  reason  it  is  a  very  conservative  estimate  to  place 
the  saving  from  a  25-ton  furnace  at  $4.75  for  double 
shift. 

In  general,  the  cylinder  valve  is  operated  by  hand,  but 
for  larger  valves,  automatic  operation  is  advisable, 
especially  then  when  the  bell  valve  is  operated  simul- 
taneously with  the  gas  valve  and  the  air  valve.  For  the 
automatic  operation,  electricity,  compressed  air  or  high 
pressure  water  are  acceptable.  In  most  cases,  however, 
electricity  will  be  preferred,  since  electric  power  is  no 
doubt  to  be  found  in  every  steel  plant  and  the  operation 
of  the  electric  motor  is  very  simple. 

In  the  design  shown  in  Fig.  4  electric  power  is  used 
together  with  compressed  air  in  order  to  permit  in  case 
of  necessity  the  use  of  one  power  for  the  other,  thus  pre- 
venting long  shutdowns. 

The  operating  motor  is  reversible  and  moves  back 
and  forth  by  means  of  gear  strains  and  a  screw  shaft,  a 
curved  disc  which  is  located  in  a  horizontal  receptacle. 

SUCCESSFUL  USE  OF  BLAST  FURNACE  GAS. 

^Extraordinary  results  have  recently  been  achieved 
in  the  juhn  Cockerill  Works  at  Seraing,  Belgium,  by 
the  utilization  of  blast-furnace  gas  as  a  source  of 
power.  For  a  period  of  seven  months,  the  whole  of 
the  electrical  power  required,  has  been  produced  by 
gas  engines  driven  by  the  gas  supplied  from  a  single 
blast-furnace.  The  results  certainly  tend  to  prove  the 
reliability  of  the  gas  engine  to  be  equal  to  that  of  the 
steam  turbine ;  in  fact,  the  power  produced  in  this 
manner,  is  equal  to  more  than  twice  that  available 
from  the  steam  turbine. 

When  it  has  been  necessary  to  stop  the  furnace  for 
a  short  while,  the  time  chosen  has  generally  been  when 
the  power  station  might  conveniently  be  closed  down, 
say,  Sunday.  To  re-start,  the  furnace  has  been  blown 
by  a  cupola  fan.  giving  sufficient  gas  to  purge  the  mains 
up  to  the  gas-cleaning  plant.  This  has  then  been 
started,  and  gas  delivered  at  sufficient  pressure  to  allow 
of  the  engine  running. 

Tests  show  that  35  per  cent  gas  is  absorbed  by  the 
hot-blast  stoves,  10  per  cent  by  the  gas-blowing  en- 
gines, 5  per  cent  lost,  and  50  per  cent  available  for  the 
gas-driven  central  electrical  power  station.  For  a  con- 
sumption of  200  tons  coke  per  24  hours,  the  load  shown 
at  the  central  station  was  4,000  kw.,  equal  to  an  average 
load  on  the  gas-engines  of  77  per  cent  of  their  fuel 
power. 
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Iron  and  Steel  Classified  for  Designers 

A  Brief  Survey  of  Wrought  Iron,  Malleable  Iron,  Cast  Iron,  and 
Semi-Steel  with  Special  Reference  to  the  Physical  Properties, 
Characteristics,  Common  Uses  and  Heat  Treatment  of  the  Same. 

By  WM.  J.  MERTEN 
Materials  and  Process  Engineering  Department,  Westinghouse  Electric  &  Manufacturing  Company 


ONE  of  the  functions  of  engineering  is  the  utiliza- 
tion of  theoretical  knowledge  and  available  ex- 
perimental data  coupled  with  practical  experience 
in  the  solution  of  similar  problems.  In  the  construc- 
tion or  design  of  a  machine  or  structure,  the  analysis 
of  such  problems  requires  two  distinct  phases  of  engi- 
neering knowledge,  one  is  purely  designing,  the  other 
involves  the  selection  of  proper  materials  and  their  ap- 
plication. A  systematic  and  intelligent  survey  of  the 
known  metals  and  materials  and  their  characteristics 
is  of  primary  importance  in  order  to  produce  a  safe 
and  economic  machine  or  apparatus. 

The  selection  of  the  best  suited  materials  requires : 

1.     A  definite  understanding  of  the  specific  phys- 


example,  a  low  carbon  steel  in  its  annealed  condition 
answers  where  malleability  is  wanted  and  moderate 
stresses  are  encountered.  This  same  low  carbon  steel 
carburized  and  properly  treated  answers  for  heavy 
wear  resisting  service,  such  as  journals  for  shafts,  run- 
ning at  fairly  high  speed,  camshafts,  gears,  piston 
pins,  etc.  A  medium  carbon  heat  treated  steel  gives 
strength,  toughness  and  fatigue  resistant  properties 
wanted  in  axles,  tires  and  rails,  motor  shafts,  crank- 
shafts, etc.  A  high  carbon  steel,  treated,  gives  ex- 
ternal hardness,  high  elastic  limit  and  comparatively 
low  ductility.  Carbon  spring  steels  are  of  this  class 
and,  when  carefully  manufactured,  possess  elastic 
properties  highly  desirable  in  this  type  of  machine. 


^>^ 
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Fig.  1 — Coarse  grained  wrought  iron 
after  forging  and  welding. 


Fig.  2 — Wrought  iron  annealed  825 
deg.  C.  for  48  hours. 

Magnification   XS5  diameters  in  each  case. 


Fig.    3  —  Wrought    iron   refined    by 
heating   to    925   deg.   C.   and    air 
cooled. 


ical  pro]jertirs  which  can  best  meet  the  particular  re- 
quirements ;  that  is.  whether  hardness,  strength,  tough- 
ness or  some  other  property  is  most  desirable  to  render 
the  metal  resistant  to  the  stresses  to  which  it  is  to  be 
subjected.  This  is  a  very  important  point  and  only 
meager  information  and  data  are  usually  obtainable, 
being  however,  the  determining  factors  in  choosing 
from  the  ferrous  or  non-ferrous  groups  of  alloys. 

2.  It  is  essential  that  the  modifications  of  the  phys- 
ical properties  and  characteristics  that  may  be  brought 
about  by  thermal  or  mechanical  treatment  be  known. 
By  one  or  another  of  the  usual  methods  of  heat  treat- 
ing the  same  material  may  be  made  to  answer  the  re- 
quirements of  entirely  different  service  stresses.     For 


3.  A  fair  u'nderstanding  of  proper  methods  and 
equipment  for  such  treatment  and  processes  is  neces- 
sary in  order  to  correctly  prescribe  them  and  predict 
with  some  degree  of  assurance  the  performance  of  the 
treated  part. 

4.  The  effect  of  mass  and  sections  upon  the  rate 
of  cooling,  upon  the  resulting  hardness  and  other  phys- 
ical properties  of  steel  must  be  understood.  Non- 
uniform sections  contribute  to  warping  and  cracking 
of  intricate  dies,  tools  and  machine  parts.  Surface  im- 
perfections influence  the  strength  of  the  part  being  heat 
treated,  drilling,  punching,  rough  turning,  polishing, 
saw  cutting  and  shearing  all  have  a  positive  or  nega- 
tive  effect  upon   the  strength  of  the  material.     E\en 
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cooling  of  all  parts  is  more  essential  than  drastic  cool- 
ing. Uneven  cooling  and  the  consequent  distortion 
by  enormously  high  mternal  strain  is  responsible  for 
man}-  failures  which  might  be  prevented  by  proper 
agitation  of  and  continuous  cooling,  in  an  evenly  tem- 
pered bath.  Inactive  layers  of  oil  or  water  become 
heated  forming  non-heat  conducting  gas  pockets  which 
result  in  soft  spots  in  the  heat  treated  part.  These 
soft  spots  are  responsible  for  an  early  failure  of  the 
part  because  of  the  non-uniform  structural  condition. 
Obviously  these  are  all  factors  of  greatest  importance. 
5.  The  influence  of  alloying  elements,  differen- 
tiation between  steel  castings,  drop  forgings,  press 
forgings,  cold  drawn  parts  and  a  knowledge  of  the  ad- 
vantages and  short  comings  of  forge  welding,  gas 
welding,  electric  welding  (fusion,  resistance  and  arc 
weld)  is  needed  for  the  designing  and  production  of 
a  machine  of  merit. 

Characteristics,  Common  Uses,  and  Heat  Treatment 
of  Wrought  Iron. 

Characteristics. — Wrought  iron  is  made  by  the  pud- 
dling process  and  is  the  purest  variety  of  commercial 
iron,  usually  containing  less  than  .08  carbon  and  ap- 
proximately 1.00  per  cent  slag,  the  peculiar  orienta- 
tion of  which  is  responsible  for  its  remarkable  resist- 
ance to  corrosion  and  for  its  fibrous  structure,  allowing 
a  large  degree  of  plastic  flow  or  movement  within  its 
crystal  aggregate  which  makes  it  weak  in  compression. 
Wrought  iron  is  very  ductile  and  malleable,  bending 
through  an  angle  of  180  degrees  or  doubling  flat  on 
itself  without  breaking.  It  melts  at  a  temperature  of 
1600  deg.  C.  and  is  still  sluggish  and  viscous  at  tem- 
peratures so  high  that  it  is  not  practical  to  cast  it 
into  molds. 

Uses — Wrought  iron  has  high  magnetic  permea- 
bility, making  it  useful  for  lifting  magnets.  It  is  made 
into  wire,  sheets,  rods,  nails,  spikes,  bolts,  chains, 
anchors,  horse-shoes,  tires,  agricultural  implements, 
boiler-plates,  stays,  grate-bars,  etc. 

Heat  Treatment. — Wrought  iron  of  fine  grain  struc- 
ture is  produced  by  forging  or  hot  working.  When 
reheated  it  undergoes  a  slow  grain  growth  at  a  tem- 
perature of  500  deg.  C. ;  this  growth  becomes  more 
rapid  between  700  deg.  and  750  deg.  C.  and  a  pro- 
longed heating  at  this  temperature  will  produce  an 
exceedingly  weak  and  coarse  grain,  which  is  not  al- 
tered or  refined  below  or  at  870  deg.  C.  Heating  to 
about  900  deg.  C.  to  925  deg.  C.  will  cause  a  breaking 
up  of  the  coarse  granules  and  results  in  a  fine  grain 
structure  of  good  strength. 

Wrought  iron  chain  and  crane  equipment,  when 
heated  for  welding  of  links  and  rings,  has  sections 
heated  within  this  range  of  dangerous  grain  growth. 
To  break  up  and  reduce  this  coarse  grained  structure 
a  heat  treatment  consisting  of  heating  to  925  deg.  C. 
followed  by  an  air-cooling  is  given. 


This  difference  n\  grain  size  of  refined  and  coarse 
u-on  is  shown  in  Figs.  1,  2  and  3,  and  the  increase  in 
values  and  magnitude  of  physical  properties  is  given 
in  Table  I. 

Ingot  iron,  a  commercially  pure  iron  made  in  the 
open  hearth  furnace,  when  worked  at  temperatures  be- 
low 1000  deg.  C.  develops  abnormally  large  crystals 
and  will  break  and  fail  on  forging,  exhibiting  the  phe- 
nomenon called  "Red  shortness."  Ingot  iron  is  red- 
short  between  800  deg.  C.  and  1000  deg.  C.  The  roll- 
ing and  hot  working  temperature  is  kept  well  above 
the  upper  limit  to  produce  sound  sheets  and  bars. 

Malleable  Iron,  Its  Characteristics,  Uses  and  Heat 
Treatment. 

Characteristics. — Malleable  iron  is  cast  iron  of 
special  chemical  composition,  melted  in  a  reverberatory 
or  air-furnace,  and  on  rare  occasions  in  a  cupola,  then 
cast  into  molds  of  its  final  form.  The  resulting  casting 
is  entirely  white  or  all  carbon  is  present  in  the  com- 
bined form  as  iron  carbide  (Cementite  FcjC). 

Annealing  in  iron  scale  (Fe304)  and  sand  packing 
at  a  temperature  of  from  760  to  925  deg.  C.  for  a  time 
period  of  40  to  60  hours  changes  the  carbide  to  the 
free  amorphous  carbon  and  ferrite,  thereby  rendering 
the  casting  malleable  and  very  ductile  at  room  tem- 
peratures. 

Malleable  iron  is  lower  in  carbon,  silicon,  sulphur, 
phosphorus  and  manganese  than  gray  cast  iron.  It  is, 
therefore,  more  viscous  and  must  be  cast  from  a  higher 
temperature  than  the  former  ;  consequently  it  requires 
greater  skill  and  care,  on  the  part  of  the  molder,  to 
avoid  misruns  and  excessive  washing  and  scoring  of 
the  mold  from  the  highly  heated  metal. 

Malleable  iron  castings  combine  the  advantages  of 
ordinary  gray  iron  castings  with  respect  to  the  ease 
of  production  and  cost,  with  a  ductility  and  strength 
approaching  that  of  steel. 

A  typical  composition  of  malleable  iron  is  as  fol- 
lows : 

Graphitic    Combined 
Carbon         Carbon     Silicon       Manganese       Phos.       Sulphur 

2.50  .01  1.00  .20  .20  .06 

The  resistance  of  malleable  iron  to  shock  is  great 
and  this  in  conjunction  with  good  ductility,  causes  it 
to  flow  under  shock,  and  renders  it  highly  resistant  to 
fatigue  stresses,  crystallization,  or  low  temperature 
effect.  It  resists  corrosion  well  and  its  coefficient  of 
friction  is  less  than  steel. 

Uses: — C3-linder  castings,  bearings,  shells,  refrig- 
erating cylinders  and  pipes,  castings  for  air  valves, 
ammonia  castings  and  motor  bearing  housings  and 
frames,  sprocket  chains,  conveyor  chains,  parts  of 
machinery  where  anti-friction  and  non-corrosive  prop- 
erties and   strength  is  a  desirable  combination,  auto- 


T.\BLE   I— PHYSIC.\L 


As  rolled    .  . 
Normalized 


Ultimate  Tensile 
Ib./sq.  in. 

48.000-50.000 
50,000-52.000 


Melting 
Point. 


Yield  Point 
Ib./sq. in. 

32,000 
40,000 


PROPERTIES 

Elonga 
tion 
in  8". 

30% 
28% 


OF   WROUGHT   IRON. 
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Brinell 
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.0032 


232 


IkoDlasf  rumacpl^MePl  rianr 


April,  1922 


mobile  accessories,    such   as    clamps    for   wheel    rims 
and  buckles  for  tire  straps  and  holders. 

TABLE  II— PHYSICAL  PROPERTIES  OF 
MALLEABLE  IRON. 

Specific  Heat 1298 

Specific  Gravitj^    7.21 

Ultimate  Tensile,  lbs.  per  sq.  in 50,000 

Yield  Point,  lbs.  per  sq.  in 20,000 

Elongation  in  2  in 8% 

Ult.  Compression   50,000 

Modulus  of  Elasticity 15,000,000 

Brinell  Hardness 80 

Melting  Point   2200°  F. 

Coefficient  of  Expansion 00000617 

Its  application  for  material  in  draft  gear  cylinders 
is  highly  satisfactory.  Its  abrasive  friction  is  very 
low  on  account  of  the  carbon  existing  in  the  amorphous 


Fig.  4  (at  the  left)— White 
iron  as  cast  showing  ce- 
mentite  plus  cementite 
eutectic. 


Fig.  5  (at  the  right) — Mal- 
leable iron  structure  in 
which  the  carbon  is  all 
separated  out.  The  frac- 
ture is  sooty  and  black. 


form,  preventing  the  surfaces  from  becoming  glazed 
under  constant  frictional  wear. 

Heat  Treatment. — Heat  treatment  of  malleable  iron 
consists  in  heating  for  malleableizing  by  annealing  the 
casting  at  the  correct  temperature  and  for  a  sufficient 
time  period. 

Annealing  temperatures  of  malleable  iron  are  ma- 
terially influenced  by  its  chemical  composition,  espe- 
cially by  the  percentage  composition  of  sulphur  and 
phosphorus,  the  temperature  being  higher  as  the  per- 
centage of  phosphorus  and  sulphur  rises.  However, 
no  detrimental  effect  because  of  the  increase  in  these 
ingredients  is  noticeable  after  proper  annealing  unless 
this  increase  is  abnormally  large. 

Figs.  4  and  5  show  the  structure  of  malleable  iron 
as  cast  and  after  being  properly  annealed. 

The  transverse  strength  of  a  1-inch  square  bar  on 
supports  12  inches  apart  is  4500—5000  pounds. 

Deflection — j4-inch  to  154-inch. 

Modulus  of  rupture— 55.000  lbs.  to  90.000  lbs.  per 
sq.  in. 

Gray  Cast  Iron — Its  Characteristics,  Uses  and 

Heat  Treatment. 
Characteristics  and  Uses. — Cast  iron  differs  mark- 
edlv  from  wrought  iron  and  steel,  chemically  as  well 


as  in  physical  characteristics.  It  has  a  coarse,  crystal- 
line grain  structure,  lacks  toughness  and  is  brittle  at 
all  temperatures  below  its  melting  point.  The  tensile 
strength  is  not  affected  at  temperatures  below  1000 
deg  F.  but  falls  off  quickly  near  the  critical  range  and 
becomes  very  low  at  high  temperatures. 

It  melts  at  a  low  temperature,  2200  deg.  F.,  and 
passes  suddenly  into  a  very  fluid  state  and  fills  the 
molds  well  when  cast. 

Cast  iron  is  used  for  columns,  posts,  bases,  bearing 
plates,  machinery  frames,  motor  bedplates  and  frames, 
and  other  structural  parts  where  complex  forms  not 
subjected  to  severe  service  are  needed  and  it  is  without 
a  competitor  in  this  line. 

Gray  cast  iron  contains  a  large  amount  of  graphitic 
carbon,  appearing  in  an  irregular  elongated  aggregate 
of  crystalline  carbon  resembling  curved  flakes  or  plates 
imbedded  in  a  matrix  of  ferrite  and  cementite.  The 
percentage  of  free  graphite  or  graphitic  carbon  in  gray 
cast  iron  depends  upon  the  percentage  composition  of 
the  other  chemical  constituents  of  the  iron,  such  as 
silicon,  manganese,  sulphur,  phosphorus.  Silicon  more 
especially    influences    the    separation    of    graphite    on 


cooling  of  the  iron  from  the  liquid  to  the  solid.  How- 
ever, ordinary  machinery  iron  contains  approximately 
3  per  cent  carbon  and  .50  per  cent  combined  carbon. 
.•\  typical  composition  of  gray  machinery  iron  castings 
is  as  follows: 


Graphitic  Carbon 

3.1   % 

Combined  Carbon 

.40% 

Manganese 

.45% 

Sulphur 

.09% 

Phosphorus 

.40% 

Silicon 

2.25% 
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The  relative  proportion  of  combined  and  graphitic 
carbon  is  of  greatest  importance  and  is  the  determining 
factor  of  the  physical  characteristics  of  the  iron.  The 
variation  of  the  percentage  of  elements  other  than 
carbon  is  of  importance  only  with  respect  to  their  in- 
fluence on  the  proportion  of  combined  and  graphitic 
carbon.  Silicon  decreases  the  percentage  of  combined 
carbon,  while  manganese,  sulphur  and  phosphorus  in- 
creases it.  Phosphorus,  however,  reacts  in  this  man- 
ner only  when  present  in  fairly  large  quantities;  its 
beneficial  action  in  cast  iron  consists  in  reducing  the 
melting  point,  making  the  iron  very  fluid.    For  perfect 


working  values  of  modulus  of  elasticity  are  given  in 
Table  III.  ;fjr^ 

Cast  iron  shows  enormously  wide  variations  in 
compression  strength  values.  Very  large  and  long 
structural  columns  rarely  have  an  ultimate  crushing 
strength  more  than  30,000  lbs.  per  square  inch.  Short 
small  sections,  however,  have  a  crushing  strength  of 
from  50,000  to  150,000  lbs.  per  square  inch. 

Moduli  of  elasticity  in  compression  are  very  much 
better  than  in  tension  and  are  30,000,000—20,000,000, 
and   12,000,000  for  the  three  classes  of  iron  at  about 


Fig.  8 — Very  soft  and  open  gray  cast 
iron  showing  large  flakes  of  graph- 
ite.   This  is  a  very  weak  iron. 


Fig.  9 — Ordinary  gray  iron  for  ma- 
chinery castings. 
Magnification  X7S  diameters  in  each  case. 


Fig.   10 — Close  grained  iron  of  fairly 
high  strength. 


impressions  of  ornamental  designs  iron  of  high  phos- ' 
phorus  content  (about  1  per  cent)  is  used. 

Other  factors  influencing  the  strength  and  physical 
properties  of  cast  iron  are : 

1.  Size  of  Casting. 

2.  Method  of  Molding  or  Founding. 

3.  Design. 

It  is  obvious  from  the  above  that  cast  iron  has  no 
well  defined  elastic  properties.  The  yield  point  varies 
from  5000  lbs.  for  soft  iron  to  22,000  lbs.  for  close 
grained  iron  and  the  ultimate  tensile  strength  varies 
from  15.000  lbs.  per  square  inch  for  soft  iron  to  35,000 
lbs.  for  hard  iron. 

The  modulus  of  elasticity  also  varies  with  the  qual- 
ity of  the  iron  and  changes  with  the  intensity  of  the 
stress,  or  expressed  in  other  words,  (1)  The  slope  of 
the  gradient  of  the  stress-strain  curve  is  different  for 
the  different  grades  of  iron.  (2)  The  stress  strain 
ratio  is  constant  for  very  small  loads  or  stresses  only 
and  changes  or  diminishes  for  larger  loads  or  stresses, 
from  29,000,000  for  close-grained  iron  at  3000  lbs.  per 
square  inch  load  to  about  18,000,000  at  18,000  lbs.  per 
square  inch  load. 

For  machinery  iron  the  modulus  of  elasticity  for 
small  loads  up  to  3000  lbs.  per  square  inch  is  about 
24,000,000  lbs.  per  square  inch  and  falls  to  15,000,000 
at  15,000  lbs.  per  square  inch  load.  For  soft  iron  the 
modulus  of  elasticity  is  about  14,000,000  at  loads  up  to 
3000  lbs.  per  square  inch  and  7,000,000  at  8000  lbs.  per 
square  inch  load.  This  behavior  of  cast  iron  is  illus- 
trated  in   stress  strain   diagram,   Fig.  6,   and   average 


15,000  lb.  per  square  inch  stress,  reducing  to  24,000,000, 
15,000,000  and  8.000.000  respectively  at  24,000  lbs.  per 
square  inch  stress. 

Transverse  strength,  or  cross  breaking  strength, 
of  cast  iron,  is  now  universally  accepted  as  the  criterion 
of  the  quality  of  the  iron — and  the  extreme  fibre  stress 
produced,  causing  rupture,  is  the  modulus  of  rupture 
and  is  52,000  pounds  per  square  inch,  45,000  pounds 
per  square  inch,  and  40,000  pounds  per  square  inch, 
respectively,  for  close  grained,  machinery,  and  soft 
gray  iron.  The  distance  between  supports  is  12  inches. 
(See  Fig.  1  and  Table  III.) 

Figs.  8,  9  and  10  strikingly  demonstrate  the  dif- 
ferences in  micro-structure  between  the  various  grades 
of  iron. 

Heat  Treatment. — Thermal  or  heat  treatment  of 
gray  cast  iron  usually  consists  of  chilling  the  metal  in 
the  mold  during  solidification  from  liquid.  For  ex- 
ample: Chilled  cast  iron  rolls,  car  wheels  and  hammer 
blocks.  Close  grained  internal  combustion  cylinder 
castings  are  frequently  heated  to  around  480  deg.  C. 
to  540  deg.  C.  to  relieve  casting  strains. 

Semi-Steel  (High  Test  Gray  Iron),  Its  Characteristics, 
Uses  and  Heat  Treatment. 
Characteristics. — Semi-steel  is  gray  iron  of  such 
composition  with  regard  to  silicon  and  carbon  as  to 
give  the  highest  possible  strength  in  conjunction  with 
other  properties  and  characteristics  inherent  to  gray 
cast  iron.  Properties  such  as  high  compressive 
strength,  low  coefficient  of  expansion,  rust-resisting 
qualities,  low  melting  point,  high  abrasive  resistance, 
great  hardness,  wearing  properties,  and  others  are  ob- 
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TABLE  III— PHYSICAL  PROPERTIES  OF  CAST  IRON 


Ultimate 

Tensile 

Strength 

in  Lbs.  Per 

Sq.  In. 


Yield 
Point 

in  Lbs. 

Per  Sq. 
In. 


Ultimate 
Compressive 

Strength 

in  Lbs.  Per 

Sq.  In. 


Modulus 

of 

Elasticity 

in  Tension. 


Modulus 

of 

Elasticity  in 

Compression. 


Modulus 

of 
Rupture 
in  Lbs. 
I'erSq. 

In. 


Melting 

Point  Electrical 

in  CoefT.  of                   Resistance 

Degrees  Expansion    Spec,  per  Circular 

Fahr.  per  °  F.       Heat.    Mill  Foot. 


Close  Grained 
Cast  Iron 


35,000 


20,000         120,000 


30,000,000   at 
3,000  Ibs./in." 

Load 

to 

15,000,000    at 

10,000  lbs. /in.' 

Load 


30,000,000    at 
15,000  Ibs./in." 

Load 

to 

24,000,000    at 

24,000  Ibs./in.' 

Load 


52,000 


2200 


.0000068 


.11 


684 


Machinery 
Iron 


30,000 


15,000 


100,000 


24,000,000    at 

3,000  Ibs./in.' 

Load 

to 

14,000,000   at 


20,000,000   at 

15,000  Ibs./in.' 

Load 

to 

15.000,000    at 


45,000 


2200 


.0000068 


.11 


684 


10,000  Ibs./in.'  24,000  lbs. /in.' 
Load  Load 


Soft   Iron 


25,000 


10,000 


90,000 


12,000,000    at 

3,000  Ibs./in.' 

Load 

to 

7,000,000    at 


12,000.000    at 

15.000  !bs./in.= 

Load 

to 

8.000,000    at 


40,000 


2200 


.0000068 


.11 


684 


10,000  Ibs./in.'  24,000  lbs. /in.' 


Load 


Load 


laincd  by  inelting  a  mixture  of  foundrj"  pig  iron,  gray 
iron  scrap,  and  from  10  per  cent  to  40  per  cent  low 
carbon  steel  scrap  in  a  cupola  and  casting  the  liquid 
iron  into  green  sand  molds. 

Uses. — For  castings  requiring  strength,  wearing 
qualities,  heat  resisting  properties,  and  close  grain 
structures  impervious  to  air,  steam  and  water,  semi- 
steel  castings  have  no  equal. 

For  hammer  die  blocks  and  die  liners  for  piercing 
or  extruding  dies  and  tips  for  piercing  arbors.  Semi- 
steel  made  by  melting  with  pig  iron,  and  gray  iron 
scrap  a  40  per  cent  addition  of  steel  scrap  has  given 
very  much  superior  service  at  one-fourth  the  price  per 
pound  of  high  grade  special  steels. 

An  average  chemical  analysis  of  such  die  liners  is 
as  follows: 

Graphitic  Carbon  2.20 

Combined  Carbon  .80 

Manganese  1.00 

Silicon  1.30 

Sulphur  .08 

Phosphorus  .13 

The  physical  properties  of  the  semi-steel  whose 
compositioti  is  given  above  would  be : 

Ultimate  Tensile  49,000 

Yield  Point  40,000 

Brinell  241 

Transverse  Test,  5,800  lb.  load  to  rupture 
Modulus  of  Elasticity  8,000,000 

Modulus  of  Rupture  of  120,000 

Melting  Point  in  deg.  F.  2,300 

or  slightly  higher  than  cast  iron 
Coef.  of  Expansion  per  deg.  F.       .0000068 

Heat  Treatment. — The  thermal  or  heat  treatment 
of  semi-steel  consists  in  chilling  of  wearing  surfaces 
in  the  mold  when  casting  the  metal.  White  castings 
so  produced  lend  themselves  to  annealing  and  graphit- 
izing  of  the  combined  carbon  but  this  is  not  practiced 
commercially.    Photo-micrograph  11  is  a  10  per  cent 


semi-steel  casting  structure  from  a  fairly  heav)-  section 
(3  in.  diam). 

Photo-micrograph,  Fig.  12,  illustrates  a  chilled  sec- 
tion of  a  liner  casting  for  an  extruding  die.  This 
mottled  hard  and  brittle  jacket  cushioned  against  a 
.soft  yielding  gray   iron   section  made  an  ideal  die  liner 


Fig.  11 — Ten  per  cent  semi- 
steel  structure  from  a  sec- 
tion  3   inches   in   diameter. 


Fig.  12 — Killed  part  of  semi- 
steel  casting.  The  white 
areas  are  cementite  in  a 
matrix  of  an  aggregate  of 
ferrite,  pearlite  and  gra- 
phite. 


and  increased  production  of  extruding  or  piercing  steel 
sleeves  from  650  to  750  per  steel  liner  to  4000  to  6000 
per  semi-steel  liner,  at  a  considerably  reduced  cost  per 
liner. 

A  comparison  with  the  structure  of  white  iron 
made  in  the  air  furnace  for  malleableizing  reveals  a 
striking  difference,  the  semi-steel  chill  being  nearer 
comparable  with  a  steel  section  at  higher  magnification. 
The  writer  has  always  attributed  this  similarity  to  the 
high  percentage  of  manganese  present  in  the  semi-steel 
casting. 
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Acid  Open  Hearth  Process  for  Manufacture 
of  Gun  Steel  and  Fine  Steel 

Detailed  Description  of  This  Manner  of  Work,  Giving  the  Various 
Steps  of  Manufacture — Result  of  Investigations  Made  by  Special 
Committee  as  to  Difficulties  Encountered. 

By  W.   p.  BARBA  and  HENRY   M.   HOWE 

PART   II 


A  GOOD  deal  of  metal  rich  in  inclusions  is  lii^ely 
to  accumulate  on  the  very  bottom  of  the  ladle 
and  particularly  about  the  stopper,  because  the 
relatively  cool  ladle  bottom  cools  the  steel  first  tapped 
upon  it,  and  thus  thickens  it,  and  impedes  the  rising 
of  the  inclusions  which  it  contains.  Therefore,  the 
first  300  or  400  lb.  of  steel  which  run  through  on  raising- 
the  stopper  should  be  poured  into  an  old  mold  set 
up  beside  the  regular  ones,  and  should  be  treated  as 
scrap.  The  ladle  should  then  be  brought  over  the  reg- 
ular molds,  but  in  doing  this  at  so  early  a  stage  before 
the  stopper  and  nozzle  have  become  highly  heated,  care 
should  be  taken  not  to  close  the  stopper  tightly  lest 
it  should  stick  in  the  pasty  metal  when  we  try  to  re- 
open it. 

37.  Temperature  and  Rate  of  Pouring. — (a)  These 
need  to  be  governed  accurately  so  as  to  steer  between 
two  grave  dangers,  that  of  causing  external  cracks  in 
the  ingot  from  too  hot  or  too  fast  pouring;  and  that 
of  causing  external  roughness  and  of  increasing  the 
quantity  of  inclusions  by  too  cold  pouring. 

(b)  As  the  first  part  of  the  liquid  steel  is  i)oured 
into  its  mold,  its  outer  laj'er  which  is  in  immediate 
contact  with  the  cold  iron  walls  of  the  mold  cools 
down  quickly  through  the  transfer  of  its  heat  to  those 
walls,  with  the  consequence  that  a  thin  crust  of  solid 
steel  soon  forms  on  the  outside  of  the  mass,  and  thick- 
ens progressively.  As  it  thickens  the  pouring  of  the 
steel  continues,  so  that  the  top  of  the  column  of  steel 
in  the  mold  rises  continuously.  Thus  as  the  crust  of 
solid  steel  encasing  the  still  liquid  interior  of  the  ingot 
progressively  thickens,  it  is  exposed  to  a  continuously 
increasing  hydrostatic,  or  ferrostatic,  pressure. 

This  increase  may  be  so  rapid  that  the  hydrostatic 
pressure  outstrips  the  increasing  strength  of  the  solid 
crust  of  the  ingot,  and  thus  bursts  it,  forming  one  or 
more  external  cracks.  These  form  all  the  more  readily 
because  at  this  stage  the  mold  itself  is  rapidly  growing 
hotter,  and  therefore  expanding  and  drawing  away 
from  the  ingot  crust,  the  outer  layers  of  which  are 
cooling  and  hence  contracting. 

Both  hot  pouring  and  fast  pouring  increase  the 
tendency  of  the  hydrostatic  pressure  to  outstrip  the 
strength  of  the  crust,  and  thus  to  crack  it — hot  pouring 
because  it  retards  the  thickening  of  the  crust,  and  fast 
pouring  because  it  accelerates  the  increase  of  the 
hydrostatic   pressure.     This    is   one   of   the   most   im- 

*.-\bstract  of  paper  presented  at  the  New  York  Meeting. 
February,  1922,  of  the  American  Institute  of  Mining  and 
Metallurgi-cai    Engineers. 


poitant  rea.'runs  tor  the  Ameiican  practice  of  culd 
pouring,  the  other  reason  being  that  it  gives  quick 
solidilication  and  shortens  the  pipe. 

Heie  cool  pouring  is  the  equivalent  of  slow  pouring. 
Each  favors  the  thickening  of  the  solid  crust  rela- 
tix'ely  to  the  lengthening  of  the  column  of  molten  steel, 
and  each  thus  guards  against  external  cracking.  This 
leads  to  the  simple  rule  that  the  steel  should  be  poured 
at  so  low  a  tempe  ature  and  so  slowly  that  the  solid 
walls  at  the  lower  part  of  the  ingot  will  thicken  fast 
enough  to  resist  the  progressively  increasing  hydro- 
static ])iessuie  caused  by  the  gradual  rise  of  the  upper 
surface  of  the  metal. 

.An  additional  and  closely  related  effect  of  the  slow 
pouiing  is  to  shorten  the  pipe.  This  is  because  the 
steel  cools  more  slowly  in  the  ladle  than  in  the  molds, 
so  that  slow  pouring  prolongs  the  period  during  which 
we  add  fresh  hot  steel  to  the  ingot  top,  while  the  lower 
part  of  the  ingot  is  cooling  by  transferring  heat  into 
the  mold  walls.  In  general,  slow  pouring  makes  for 
keeping  the  ingot  top  hot. 

(c)  A  further  objection  to  hot  pouring  is  that  to 
raise  the  temperature  of  the  molten  steel  is  to  raise  the 
temperature  to  which  it  heats  the  mold  walls  at  any 
given  instant,  hence  to  retard  the  cooling  of  the  steel, 
and  in  particular  to  retard  its  passage  through  the 
solidification  range.  In  this  way  hot  pouring  leads  to 
a  greater  degree  of  differentiation  in  solidifying,  to  the 
formation  of  larger  dendrites,  and  to  a  higher  degree 
of  enrichment  by  segregation  in  the  interdendritic 
sjiaces  and  ]irobabIy  in  the  axial  region.  The  crucible 
steel  maker  long  ago  noticed  the  marked  columnar 
structure  of  ingots  poured  too  hot,  and  called  those 
with  this  structure  "scorched." 

3S.  Cool  Pouring. —  (a)  If,  on  the  other  hand,  the 
steel  is  too  cold  when  it  is  poured,  or  is  poured  so 
slowly  that  it  becomes  too  cold  before  the  whole  of 
it  has  entered  the  mold,  two  serious  troubles  arise. 
First,  the  extremely  slow  rising  of  the  upper  surface 
of  the  molten  metal  in  contact  with  the  cold  mold 
easily  causes  the  surface  to  crust  over  momentarily 
for  a  short  distance.  These  slight  crustings  may  not 
be  entirely  effaced  by  the  metal  poured  in  later  if  the 
steel  is  extremely  cold. 

(b)  Another  and  still  more  serious  damage  bv 
too  cold  pouring  is  the  retention  of  inclusions.  Steel 
poured  so  cool  that  the  thickness  of  the  solid  walls  of 
steel  gradually  forming  in  the  mold  increases  fast 
enough  to  resist  the  progressively  increasing  hydro- 
static pressure,  must  evidently  be  very  near  its  solidus 
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as  it  enters  the  mold.  At  any  rate,  it  must  be  well 
below  its  liquidus,  and  therefore  it  must  be  an  emul- 
sion of  particles  of  solid  steel  supported  in  molten  steel. 
This  point  must  be  grasped  clearly.  The  lower  the 
temperature  is  the  greater  will  be  the  proportion  of 
solid  particles  to  molten  steel ;  and  the  more  viscous 
therefore  will  be  the  emulsion  of  which  the  steel  itself 
consists.  Evidently  this  viscosity  impedes  the  attempt 
of  the  particles  of  slag  to  rise  to  the  surface. 

(c)  Another  danger  in  the  top  pouring  of  ingots 
at  too  low  a  temperature  is  that,  should  the  nozzle 
leak,  so  that  its  spittings  form  a  thin  sheet  which  solid- 
ifies on  the  side  of  the  mold  above  the  level  of  the  steel, 
the  metal  poured  later  may  not  be  hot  enough  to  re- 
melt  this  sheet,  which  thus  remains  to  form  a  discon- 
tinuity. As  it  melts  at  its  bottom,  it  may  fall  down 
into  the  molten  metal  below,  or  tilt  over  and  catch  on 
the  opposite  side  of  the  mold.  Evidences  of  this  have 
frequently  been  observed  and  thoroughly  traced  to  this 
cause. 

39.  Summary. — To  sum  up  the  three  advantages 
of  cool  pouring  which  we  have  now  seen,  that  it  re- 
strains segregation  probably  both  axial  and  inter- 
dendritic,  the  size  of  the  dendrites,  and  the  tendency 
to  external  cracking,  outweigh  its  disadvantage  of 
favoring  the  retention  of  inclusions  in  the  opinion  of 
American  open-hearth  experts,  but  not  in  that  of  Con- 
tinental European  ones  and  at  least  some  of  the  British, 
who  purposely  pour  their  gun  steel  extremely  hot. 
Indeed,  even  their  workmen  regard  the  external  crack- 
ing to  which  hot  pouring  leads  as  a  favorable  symptom, 
for  the  cracks  can  be  chipped  out  while  the  greater 
freedom  from  inclusions  persists.  In  our  opinion  the 
(juestion  is  an  open  one,  to  be  decided  by  careful  obser- 
vation. Yet  because  our  paper  is  to  describe  American 
practice,  we  shall  continue  to  speak  of  cool  pouring  as 
among  the  aims  of  the  process. 

Cool   pouring  is  considered   further   in   Section   47. 

40.  Notes  on  Pouring. — (a)  The  interval  between 
tapping  and  teemnig  and  the  rapidity  of  teeming  are 
governed  by  the  melter's  judgment  as  to  the  tem- 
perature at  which  the  steel  left  in  the  furnace,  and  by 
the  size  and  number  of  ingots  into  which  the  charge 
in  the  ladle  is  to  be  poured.  The  length  of  time  occu- 
pied in  teeming  each  ingot  should  be  recorded  care- 
fully for  the  melter's  guidance  in  future  cases..  If  the 
ingots  show  external  cracks,  referable  to  too  hot  pour- 
ing, he  would  infer  that  he  had  poured  too  fast  for 
the  actual  temperature  of  the  steel.  If,  on  the  other 
hand,  the  ingots  show  the  characteristics  which  we 
associate  with  too  cool  and  hence  too  slow  pouring, 
such  as  an  excessive  quantity  of  inclusions,  he  infers 
that  for  the  existing  conditions  he  has  teemed  too 
slowly.  Laps  and  cold  shuts  on  the  corners  of  the  in- 
got are  clear  evidence  of  too  slow  pouring. 

(fc)  Each  heat  of  steel,  and  each  ingot  of  each 
heat,  forms  in  itself  a  problem  for  the  melter,  whose 
judgment  and  experience  are  now  called  into  operation, 
since  it  is  well  nigh  impossible  fully  to  lay  down  rules 
governing  the  pouring.  In  all  cases  the  melter,  who 
should  be  the  most  experienced  man  available  in  the 
establishment,  should  himself  watch  the  steel  in  each 
ingot  as  it  is  rising  in  the  mold,  and  judge  the  tem- 
perature of  the  metal  and  the  speed  of  pouring  required 
for  each,  carefully  recording  the  actual  time  and  the 
conditions  of  the  resultant  ingot.  The  proper  rate  of 
pouring  cannot  be  predetermined ;  rather  it  is  esti- 
mated by  the  melter,  with  his  experience  in  mind,  from 


the  observed  temperature  of  the  steel  as  it  rises  in  the 
mold. 

(c)  It  is  obvious  that  top-poured  ingots  are  diffi- 
cult to  watch  in  the  way  just  mentioned.  This  matter 
will  be  discussed  more  fully  when  top  and  bottom 
pouring  are  considered  (Section  55). 

(d)  The  temperature  of  the  steel  in  the  ladle  falls 
continuously  from  the  beginning  to  the  end  of  teeming, 
with  the  effect  that  though  the  metal  was  slightly 
above  its  liquidus  on  entering  the  ladle,  it  falls  to  ma- 
terially below  it  before  the  teeming  is  completed,  so 
that  some  skull  often  remains.  This  skull  represents 
metal  too  pasty,  and  hence  too  near  the  solidus,  to  flow 
over  the  bottom  of  the  ladle.  Its  presence  is  a  sign 
that  the  temperature  and  rate  of  teeming  have  been 
correct. 

41.  Breaking  Cream. — It  is  a  common  saying  that 
the  appearance  of  bottom-poured  steel  as  it  rises  in  the 
mold  should  be  that  of  "breaking  cream."  This  is 
readily  understood  when  we  remember  that  the  metal 
poured  at  the  proper  temperature  is  an  emulsion  much 
like  that  of  the  suspended  butter  fat  of  thick  cream. 
Both  are  subject  to  crusting  over  with  a  very  thin 
crust.  In  the  case  of  steel,  this  crust  caused  by  the 
cooling  effect  of  the  air  in  the  neighbo-hood  of  the 
mold  is  quickly  remelted  by  the  hot  steel  rising  from 
below,  if  the  pouring  temperature  is  proper. 

42.  Stop-pours. — (a)  \^'e  should  pour  the  steel 
into  each  mold  without  the  slightest  interruption,  lest 
we  form  a  "stop-pour,"  a  slight  freezing  of  the  upper 
surface  of  the  metal  where  it  touches  the  mold,  and 
fail  to  remelt  it  completely  when  we  resume  the  pour- 
ing. This  is  especially  important  in  the  cool  pouring 
recommended  in  this  paper. 

(b)  Stop-pours  may  be  made  both  in  bottom- 
pouring  and  in  top-pouring  practice,  and  sometimes 
are  difficult  to  detect,  especially  if  the  stoppage  is  very 
short.  In  any  event,  when  a  stoppage  has  occurred 
and  the  resultant  stop-pour  has  escaped  detection,  it 
is  likely  to  be  discovered  if  the  ingot  is  forged,  but  if 
the  ingot  is  rolled  discovery  is  much  more  difficult. 
Always  after  a  stoppage  there  is  certain  to  be  a  defect 
in  the  surface,  extending  to  unknown  depths  into  the 
section.  For  gun  purposes,  and  others  in  which  the 
ends  only  can  be  inspected  and  tested,  a  stop-poured 
ingot  never  should  be  considered  for  use.  There  are, 
of  course,  occasions  when  for  bar  steel  or  billet  produc- 
tion, a  stop-poured  ingot  can  be  carried  forward  and 
the  stop-poured  part  cut  out  and  discarded. 

43.  Piping. — (a)  The  reasons  for  the  existence  of 
the  pipe  is  already  familiar,  namely,  that  at  an  early 
stage  in  the  solidification  the  crust  of  the  ingot  has 
done  a  greater  proportion  of  its  total  cooling,  and 
hence  of  its  total  contraction,  than  has  occurred  in  the 
deeper  seated  layers,  and  thus  has  been  stretched  by 
their  resistance.  Because  these  deeper  seated  layers 
therefore  have  from  this  time  on  a  greater  range  of 
temperature  to  cool  through  than  the  crust  has,  they 
will  undergo  more  contraction  than  it.  This  excess 
of  contraction  of  the  interior  plus  the  stretching  of 
the  crust  are  represented  by  the  presence  of  an  axial 
cavity,  or  pipe,  unless  indeed  it  is  compensated  for  by 
the  formation  of  blow-holes  or  gas  cavities. 

(b)  One  of  us  *  has  already  shown  that  the  pipe 
forms  in  the  last  solidifying  part  of  the  ingot,  whether 
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that  is  at  the  top  or  bottom  or  at  the  side.  Clearly 
it  is  well  to  have  the  pipe  occur  at  one  end  of  the  ingot 
so  as  to  affect  only  a  short  part  of  its  length,  and  that 
end  is  preferably  the  top  for  obvious  reasons. 

Hence  the  various  devices  for  concentrating  the 
heat  at  the  ingot  top,  or  otherwise  causing  the  solidi- 
fying of  the  top  to  lag  behind  that  of  the  parts  below, 
so  that,  as  fast  as  the  pipe  tends  to  form,  it  may  be 
filled  by  still  molten  metal  from  above.  Among  these 
devices,  are  "hot-tops"  to  the  molds,  sink  heads,  having 
the  large  end  of  the  ingots  uppermost,  pouring  slowly, 
at  a  low  temperature,  and  at  the  top  of  the  ingot  espe- 
cially at  the  last,  and  of  making  the  mold  walls  thicker 
below  than  above,  so  that  they  may  cool  the  bottom 
of  the  ingot  faster  than  the  top.  This  will  be  con- 
sidered further  in  Section  55,  on  top  and  bottom  pour- 
ing. 

44.  Top  lag,  or  the  lagging  of  the  upper  part  of 
the  ingot  in  the  process  of  cooling,  may  here  be  studied 
a  little  more  closely  because  it  helps  explain  why  small 
ingots  are  nearly  always  top  poured  throughout, 
though  larger  ones  are  not  (Section  55). 

In  any  given  transverse  slice  EE'  of  a  solidifying 
ingot,  the  temperature  rises  continuously  as  we  pass 
from  the  outside  toward  the  axis,  while  it  simultane- 
ously rises  continuously  as  we  pass  from  this  slice 
upwards.  The  tendency  to  form  an  axial  cavity  or 
pipe  proves  that,  while  this  tendency  exists,  the  slice 
EE'  as  a  whole  is  contracting  faster  than  the  crust  of 
the  ingot.  The  parts  E  and  E'  are  held  apart  by  the 
rigidity  of  the  crust,  and  the  excess  of  contraction  of 
the  crust  gives  the  different  parts  of  the  slice  a  ten- 
dency to  draw  apart. 

Lest  it  be  thought  that  this  tendency  to  crack  open 
at  the  axis  is  confined  to  the  temperature  range  be- 
tween the  liquidus  and  the  solidus,  a  range  indeed  of 
great  weakness,  let  us  remember  that  pure  substances, 
pure  metals,  pure  eutectic  liquids,  etc.,  in  which  the 
solidus  and  the  liquidus  coincide  and  there  is  no  freez- 
ing range  but  only  a  true  freezing  point,  also  pipe'. 
Indeed  this  case  is  not  needed  to  convince  us  that 
the  slice  EE'  may  crack  at  its  axis  and  may  thus  tend 
to  start  a  pipe  at  any  temperature  at  which  the  stretch 
AB  caused  by  the  resistance  of  the  rigid  ingot  crust 
to  the  contraction  of  the  slice  because  of  its  faster 
cooling,  exceeds  the  stretching  power  of  the  metal : 
or  in  other  words,  when  the  stress  so  induced  exceeds 
the  existing  strength  of  the  metal.  This  range  of  tem- 
perature may  extend  far  below  the  solidus. 

45.  Pipe-closing  Period. — Imagine  that  the  slice 
EE'  is  completelv  isolated  from  the  mass  of  metal 
above  and  below  by  the  planes  which  form  its  top  and 
bottom.  In  this  case  the  pipe  D.  representing  the  ex- 
cess of  induced  stretch  over  capacity  for  stretch,  per- 
sists. But  if,  having  thus  imagined  the  creation  of  D. 
we  next  consider  the  actual  conditions  in  which  no 
such  planes  exist,  we  see  that  all  of  the  metal  above 
this  plane  which  is  still  hot  enough  to  have  any  ap- 
preciable capacitv  for  flow,  begins  sagging  down  to 
close  D,  as  suggested  bv  arrows  C  and  C.  quite  as 
the  faces  of  a  prism  of  soft  jelly  sasr  when  the  mold  in 
which  it  has  set  is  withdrawn.  The  curved  lines  of 
flow  of  such  concrete  masses  are  not  to  be  confused 
with  the  angle  of  repose  of  discrete  ones  like  sand. 
Note  that  the  sides  of  the  funnel-shaped  part  of  any 
pipe  are  curved  and  not  straight. 

Thus  in  everv  imaginary  horizontal  layer  there  is 


the  pipe-forming  tendency,  representing  the  excess  of 
induced  stretch  over  capacity  for  stretch,  and  the  pipe- 
closing  tendency,  representing  the  sagging  of  the  over- 
lying mass,  and  chiefly  of  its  axial  and  periaxial  parts, 
which  are  the  hottest  and  hence  the  most  mobile. 

The  pipe  will  stretch  down  to  the  layer  in  which  the 
sagging  of  the  overlying  mass  just  fails  to  compensate 
fully  for  the  pipe-forming  tendency.  Clearly  the  quan- 
tity of  sagging  down  into  any  given  layer  must  increase 
with  the  volume  of  mobile  metal  above  the  layer,  and 
with  its  mobility,  and  this  latter  in  turn  increases  with 
the  steepness  of' the  vertical  thermal  gradient  from  this 
layer  up.  In  other  words,  in  any  given  horizontal  layer, 
the  pipe-closing  tendency  increases  with  the  mobility 
and  hence  with  the  temperature  of  the  metal  ahove, 
and  these  increase  with  the  rapidity  of  rise  of  tempera- 
ture from  this  layer  up.  Hence  the  importance  of  con- 
centrating the  heat  at  the  top  of  the  ingot,  thus  increas- 
ing the  volume  and  mobility  of  the  metal  available  for 
sagging  down  into  any  given  layer,  thus  raising  the 
position  of  the  layer  the  sagging  into  which  barely 
equals  in  volume  the  volume  which  the  pipe-forming 
tendency  represents,  and  thus  in  fine  shortening  the 
pipe. 

Because  the  tendency  to  pipe  is  inversely  as  the 
steepness  of  the  vertical  thermal  gradient  in  the  upper 
part  of  the  ingot,  and  because  this  steepness  is  in- 
versely as  the  size  of  the  ingot,  other  things  being 
equal.' the  tendency  to  pipe  and  the  depth  of  the  pipe 
are  greater  in  small  than  in  large  ingots.  This  result 
represents  also  the  longer  time  available  in  large  ingots 
for  the  sluggish  process  of  sagging. 

46.  Stub  Ingot  Pouring.— In  making  "stub"  *  tire 
ingots,  that  is  those  the  length  of  which  is  only  60  to 
100  per  cent,  of  their  diameter,  each  making  a  single 
tire,  the  Standard  Steel  Works  Co.  combines  various 
steps  for  causing  the  cooling  of  the  ingot  top  to  lag 
and  therebv  shortening  and  raising  the  pipe,  and  rais- 
ing and  concentrating  the  segregate  so  effectively  that 
a  discard  of  only  3  per  cent,  suffices  to  remove  all  un- 
sound, piped,  and  harmfully  segregated  metal.  This 
discard  is  the  small  disk  punched  out  of  the  axis  of  the 
bloom  into  which  the  ingot  is  forged  in  working  it  into 
the  shape  of  a  tire. 

Here  the  cooling  of  the  bottom  is  hastened  by  the 
broad  thin  cheese  shape  of  the  ineot  which  exposes 
entended  bottom  surface  to  the  cold  thick  bottom  of 
the  mold  ;  and  the  cooling  of  the  top  is  retarded  by  a 
layer  of  carbonaceous  matter,  which  in  burning  yields 
much  heat  yet  without  causing  material  carburization. 

47.  Cool  Pouring  Raises  the  Pipe.  —  Section  37 
shows  that  in  top  pouring  we  may  raise  the  pipe  by 
pouring  slowlv.  Cool  pouring  has  a  like  effect,  as  we 
will  now  explain.  First,  let  us  recognize  that  the 
molten  steel  cools  down  much  more  slowly  in  the  ladle 
than  in  the  molds.  With  this  in  mind  the  effect  of 
cool  pouring  in  raising  or  even  eliminating  the  pipe 
can  be  made  clear  by  considering  two  imaginary  ex- 
treme cases. 

First  let  us  suppose  that  the  steel  when  top  poured 
into  the  mold  is  so  extremelv  cool  that  it  solidifies 
very  rapidlv,  indeed  almost  immediately.  In  this  case, 
the  earlv  poured  steel  solidifies  very  earlv  in  the  pour- 
ing, and  is  thus  anchored  in  place  at  the  bottom  of  the 
mold.     Each   subsequent   addition   in   like   manner  be- 
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CDines  anchored  approximately  at  the  height  in  the 
mold  which  it  occupied  when  poured.  These  succes- 
sive lots  thus  cool  down  by  the  transfer  of  their  heat 
into  and  through  the  mold  walls.  Because  the  first 
poured  lot  starts  this  cooling  earlier  than  the  later  ones, 
it  will  at  any  given  instant  be  the  coolest,  and  each  of 
the  successive  lots,  from  the  bottom  upwards,  will  be 
hotter  at  any  given  instant  than  the  one  next  below  it. 
Thus  solidification  and  the  formation  of  the  pipe  pro- 
ceed from  below  upwards,  so  that  each  layer,  as  it 
enters  the  mold,  finds  the  pipe  already  formed  or  form- 
ing in  that  beneath  it,  and  thus  has  the  best  possible 
opportunity  to  fill  it.  Indeed  this,  like  any  other  means 
of  causing  the  solidification  of.  the  top  to  lag  behind 
that  of  the  lower  parts,  clearly  tends  to  raise  the  pipe. 

In  bottom  pouring  the  same  is  true,  save  that  here 
we  must  conceive  that  the  steel  is  at  all  times  hot 
enough  to  keep  a  channel  open  through  the  earliest 
poured  and  earliest  frozen  layers  at  the  bottom. 

Turning  now  to  the  opposite  extreme,  let  us  sup- 
pose that  the  steel  is  so  hot  that  none  of  it  freezes 
before  the  whole  ingot  is  poured.  In  this  case  the 
falling  or  rising  stream  keeps  the  whole  mass  in  motion, 
so  that  the  parts  poured  first  become  mixed  with  the 
rest,  and  that  the  progressive  rise  of  temperature  from 
ihe  bottom  upwards,  so  favorable  to  the  raising  and 
shortening  of  the  pipe,  is  reduced  to  a  minimum. 

The  principle  which  governs  these  two  extreme 
cases  applies  to  any  intermediate  one.  The  cooler  the 
steel  the  more  of  the  early  poured  parts  will  solidify 
and  become  anchored  in  the  lower  part  of  the  mold, 
and  the  more  rapid  will  be  the  rise  of  temperature  at 
any  given  instant  from  the  bottom  toward  the  top. 
and  hence  the  shorter  and  higher  up  will  be  the  pipe. 

48.  Shape  of  Molds. — In  designing  the  molds  there 
are  four  important  ends  to  be  sought: 

(a)  That  they  shall  have  enough  taper  to  prevent 
the  ingots  from  sticking  to  them,  hut  no  more. 

(b)  That  the  crust  of  the  ingot  shall  not  be 
cracked  transversely  by  its  inevitably  cooling  and  con- 
tracting faster  than  the  deeper  seated  layers. 

(c)  That  it  shall  not  be  cracked  longitudinally  by 
the  same  cause. 

(d)  That  the  pipe  shall  be  shortened  and  raised  as 
far  as  possible,  or  better  still  eliminated. 

Let  us  consider  the  means  to  certain  of  these  ends. 

49.  Taper. — (a)  The  taper  is  almost  the  same  in 
ingots  of  five  sizes,  taken  from  current  good  practice, 
varying  from  0.40  to  0.43  in.  in  diameter  to  the  running 
foot. 

(b)  On  pouring  the  ingot  into  its  mold,  its  skin 
solidifies  when  its  temperature  is  much  above  that  of 
the  mold  so  that  the  ingot  in  cooling  has  a  greater 
range  of  temperature  through  which  to  cool  than  the 
mold,  and  hence  contracts  more.  This  excess  of  con- 
traction of  the  ingot  would  naturally  cause  a  gap  be- 
tween them,  so  that  it  might  be  expected  that,  were 
both  perfectly  smooth,  no  taper  would  be  needed.  In 
fact,  neither  is  quite  smooth.  The  ingot  especially  is 
likely  to  have  roughness  which  may  cause  it  to  stick 
in  the  mold.  Moreover,  part  at  least  of  the  gap  to  be 
expected  between  ingot  and  mold  is  efifaced  by  the 
stretching  of  the  ingot's  crust  caused  by  the  resistance 


to  its  contraction  by  the  slower  cooling  and  contract- 
ing deeper  seated  layers,  as  well  as  by  the  stretching 
due  to  ferrostatic  pressure. 

(c)  It  is  to  afford  the  clearance  needed  for  easy 
stripping  that  the  taper  is  given. 

(d)  'i"he  amount  of  taper  should  be  the  minimum 
which  experience  shows  is  needed  to  enable  carefully 
poured  ingots  to  be  removed  from  carefully  prepared 
molds,  because  anj'  great  excess  of  taper  makes  the 
work  of  forging  more  difficult,  and  also  leads  to  the 
faster  heating  of  the  smaller  than  of  the  larger  end  of 
the  ingot. 

(e)  Further  to  prevent  this  sticking,  the  inner 
surface  of  the  mold  should  be  examined  carefully  to 
detect  any  roughness,  and  it  should  be  coated,  for  in- 
stance with  a  wash  of  bone  graphite  and  water,  and 
polished  to  a  "kitchen  range"  surface. 

(f)  It  might  at  first  be  thought  that  more  taper 
woidd  be  needed  in  small  than  in  large  ingots,  because 
the  average  temperature  of  a  large  ingot  at  the  time 
when  its  crust  is  solidified  by  being  cooled  by  the  mold 
and  its  external  dimensions  are  thus  determined,  is 
higher  than  that  of  a  small  ingot.  This  suggests  that 
the  average  contraction  of  a  large  ingot  is  greater  than 
tliat  of  a  smaller  one.  Because  this  excess  of  contrac- 
tion helps  to  free  the  ingot  from  the  mold,  less  taper 
would  naturally  be  needed  to  give  enough  free  space 
to  enable  the  ingot  to  slip  past  the  mold. 

(g)  But  this  advantage  of  the  larger  ingot  is 
counteracted  by  its  disadvantage  as  regards  the 
stretching  of  its  crust  by  the  resistance  of  the  slower 
cooling  deeper  seated  layers.  Both  large  and  small 
ingots  are  stripped  as  soon  as  they  have  cooled  far 
enough  to  be  handled  without  danger  of  breaking, 
when  the  faces  of  the  octagon  or  square  are  at  about 
850  deg.  C.  (1562  deg.  F.),  and  the  edges  or  corners 
are  black,  and  these  temperatures  are  about  the  same 
for  large  as  for  small  ingots.  But  the  average  tem- 
perature of  the  large  ingot  at  this  time  is  much  higher 
than  that  of  the  small  one.  Hence,  the  resistance  of 
the  slower  cooling  interior  of  the  large  ingot  stretches 
its  crust  by  an  amount  greater  than  the  corresponding 
stretching  of  the  crust  of  the  small  ingot.  This  greater 
stretching  of  the  crust  of  the  larger  ingot  lessens  the 
clearance  between  ingot  and  mold,  and  this  offsets  to 
a  certain  degree,  and  perhaps  completely,  the  excess 
of  contraction  of  the  large  ingot  to  be  expected  from 
the  considerations  set  forth  in  the  preceding  paragraph. 

50.  Prevention  of  Longitudinal  Cracks  by  Giving 
the  Crust  of  the  Ingot  an  Accommodating  Shape. — (a) 
A  circular  gutter  pipe  filled  with  water  bursts  on 
freezing,  because  the  circular  form  of  the  metal  has 
too  little  power  of  elongation  to  accommodate  itself 
to  the  expansion  of  the  freezing  water.  But  a  corru- 
gated gutter  pipe  does  not  burst,  because  while  its 
metal  has  no  more  capacity  for  elongation  than  that 
of  the  circular  one,  it  has  an  accommodating  shape. 

(b)  Following  this  line  of  reasoning,  the  crust. of 
the  ingot  is  given  a  similar  accommodating  shape,  often 
that  of  a  fluted  octagon,  in  order  that  it  may  not  be  torn 
apart  by  longitudinal  cracks  in  the  early  stage  of  solidi- 
fication, when  it  is  thin  and  tender,  by  the  resistance 
to  its  contraction  offered  by  the  slower  cooling  of  the 
deeper  seated  la3''ers ;  but  that  instead  it  may  bend  and 
thus  accommodate  itself  to  the  resistance. 

(To  be  continued) 


April,  1922 


DioBlasfFi 


umace'SjfppI 


Pic 


239 


Improved  Method   of  Burning   Coal 

Methods  and  Results  Obtained  from  Wetting  Coal  with  Exhaust 
Steam  for  Chain  Grate  Stokers — Ash  Is  Generally  Much  Better 
When  Wet  Coal  Is  Used. 

By  C.  E.  HAYES 


IT  has  long  been  an  established  fact  that  certain  kinds 
of  coal  burn  better  on  chain  grate  stokers  when  prop- 
erly wet  than  when  burned  dry.  This  fact  is  particu- 
larly true  of  the  coals  of  \\'estern  Pennsylvania,  Ohio 
and  \\'est  Virginia. 

In  order  to  determine  if  a  certain  coal  will  give  more 
efficient  results  when  burned  wet  than  dry,  it  is  necessary 
to  test  it.    This  is  very  easy  to  do. 

First,  enough  coal  is  placed  in  a  pile  on  the  floor  to 
run  the  stoker  for  about  an  hour  or  two.  This  coal  is 
dampened  thoroughly  with  a  hose  and  turned  over  several 
titues  with  a  shovel  until  it  is  uniformly  wet  through. 

It  is. of  great  importance  to  have  the  coal  uniformly 
wet  and  to  see  that  there  is  just  the  right  amount  of 
moisture  in  it.  Every  one  knows  that  the  water  in  the 
coal  has  to  be  boiled  and  superheated  to  the  temperature 
of  the  flue  gases.  This,  of  course,  is  a  loss,  and  the  more 
water  in  the  coal,  the  greater  the  loss.  While  this  loss 
— caused  bv  wetting  the  coal — is  more  than  made  up  by 
the  added  efficiency  obtained,  it  is  well  to  bear  in  mind 
that  the  coal  should  not  be  wet  more  than  will  produce 
the  best  results. 

After  a  good  deal  of  experimenting,  it  was  found  that 
the  most  practical  method  of  telling  when  the  coal  has 
enough  moisture  in  it,  and  still  not  too  much,  is  to  take 
a  handful  and  press  it  tightly  together.  If  it  has  sufficient 
moisture  to  mould  and  is  not  so  wet  that  the  water  will 
run  out  of  it,  the  best  results  will  be  obtained. 

After  the  pile  of  coal  to  be  tested  has  been  damp- 
ened, level  of?  the  coal  in  the  stoker  hopper  and  put  the 
wet  coal  in.  Careful  observations  of  the  fire  and  ash 
should  be  made  after  the  wet  coal  is  put  in  the  hopper. 
A  decided  improvement  will  be  noticeable  with  most 
coals,  as  soon  as  the  wet  portion  works  back.  The  writer 
has  observed  that  in  most  plants  where  this  was  tried, 
a  stright  line  could  be  seen  coming  back  across  the  boiler, 
separating  the  good  fire  obtained  by  burning  wet  coal 
from  the  poor  ftre  of  the  dry  coal.  The  ash  is  generally 
much  better  when  burning  wet  coal. 

In  one.  installation,  where  force  draft  chain  grate 
stokers  are  used,  it  was  almost  impossible  to  burn  the 


coal  dry,  but  after  it  was  dampened  much  better  results 
were  obtained. 

After  it  is  established  that  a  certain  coal  will  burn 
better  when  wet,  the  question  arises  as  to  how  to  wet  it 
successfully  in  actual  practice. 

The  most  general,  but  not  the  best,  method  is  to  in- 
stall water  pipes  above  the  stoker  hoppers  and  spray 
water  on  top  of  the  coal.  This  method  will  work  fairly 
well,  but  has  decided  disadvantages.  In  the  first  place, 
it  does  not  wet  the  coal  uniformly  without  putting  a  large 
excess  of  water  on  the  coal.  This  excess  of  water  not 
only  means  loss  of  efficiency,  but  it  runs  through  the  coal 
onto  the  stoker.  Very  often  this  water,  after  passing 
through  the  coal,  is  very  corrosive  and  will  damage  the 
stoker.  This  is  particularly  true  of  force  draft  chain 
grate  stokers. 

If  only  a  small  amount  of  water  is  sprayed  over  the 
coal,  it  will  make  paths  through  the  coal  for  itself  and 
only  wets  a  very  small  portion  of  the  coal.  This  un- 
even wetting  is  worse  than  no  wetting  at  all,  because  it 
makes  the  fire  burn  uneven. 

To  overcome  this  disadvantage  of  using  water,  the 
following  method  was  installed  and  proved  not  only  en- 
tirely satisfactory,  but  an  improvement  over  the  old 
method  of  using  water. 

There  is  generally  an  excess  of  exhaust  steam  aroimd 
the  boiler  room  of  a  steel  mill.  This  exhaust  steam  was 
used  to  wet  the  coal.  A  two-inch  pipe  was  placed  in  the 
stoker  hopper  12  inches  above  the  grate,  and  as  near  the 
front  as  possible.  Into  this  pipe  were  set  a  row  of  brass 
plugs  one  inch  apart,  each  with  a  3/16-in.  hole  in  the 
center.  These  brass  plugs  can  be  eliminated  and  the 
3/16-in.  holes  placed  in  the  pipe  itself.  If  this  is  done, 
however,  trouble  may  develop  due  to  the  holes  stopping 
up  with  corrosion  caused  by  the  action  of  water  on  cer- 
tain kinds  of  coal. 

The  2-inch  pipe  with  the  holes  in  it  was  placed  so  that 
the  holes  faced  in  towards  the  boilers  and  down  15  deg. 
below  the  horizontal.  This  2-inch  pipe  was  connected  to 
the  exhaust  steam  header  with  a  valve  near  the  stoker 
so  the  amount  of  steam  can  be  regulated,  or  shut  oH  if 
the  stoker  is  not  in  use. 
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The  above  arrangement  has  been  given  a  thorough 
trial  and  found  to  be  far  superior  to  any  method  of 
using  water.  It  wets  the  coal  much  more  thoroughly 
and  more  uniformly  without  any  excess  of  water.  The 
coal  will  be  wet  enough  to  cfivc  the  best  results  and  still 


no  water  will  run  through  the  grates. 

No  trouble  was  experienced  with  escaping  steam 
above  the  hopper  as  long  as  it  was  kept  reasonably  full 
of  coal. 


Economizers  and  Economizer  Operation 

Theoretical  Need  of  Economizers — Progress  Made  in  Steel  Tube 
Economizers — General  Review  of  the  Advantages  and  Disadvan- 
tages of  Economizers. 

By  FRANK  H.  PROUTY 
Asst.  Steam  Engineer,  Cambria  Steel  Co.,  Johnstown,  Pa. 


TI T'K  first  economizer  installation  dates  back  more 
than  100  years ;  every  year  has  seen  an  increase  in 
the  number  of  installations,  yet  it  may  be  said  that 
the  economizer  is  still  in  a  period  of  trial  and  transition 
and  has  never  been  fully  accepted  by  the  American  en- 
gineering profession. 

Old  Installations  Often  Inefficient. 

Certainly  there  are  a  number  of  economizers  through- 
out the  country  which  positively  detract  from  the  over- 
all efficiency  and  which  it  would  be  cheaper  to  remove  or 
permanently  by-pass  than  maintain  in  operation.  Such 
results  may  come  from  insufficient  stack  draft,  improper 
proportioning  of  economizer  heating  surface  to  boiler 
heating  surface,  feed  water  temperature  under  100  deg. 
F.  causing  extreme  external  corrosion  and  excessive  soot 
caking,  feed  water  temperature  over  200  deg.  F.  which 
may  be  too  close  to  the  breeching  temperature  for  suf- 
ficient heat  transfer  or  the  not  uncommon  failure  due  to 
neglect  in  operation.  On  the  other  hand  there  are  econo- 
mizer installations  which  will  meet  the  manufacturers' 
entire  claims  and  which  are  indispensible  to  high  effi- 
ciency. Such  results  are  obtained  when  there  is  350  deg. 
F,  to  450  deg.  F.  difference  between  entering  feed  water 
temperature  and  breeching  temperature,  an  induced  draft 
fan  to  provide  ample  draft,  a  proper  relation  between 
boiler  heating  surface  and  economizer  heating  surface, 
a  counter  flow  relation  between  water  and  gases  and  a 
clean  economizer. 

Theoretical  Need  of  Economizers. 

The  theoretical  need  of  economizers  becomes  apparent 
for  if  heat  is  to  be  imparted  tothe  boiler  throughout  the 
travel  of  gases  over  the  tubes,  the  gases  must  manifestly 
leave  the  tubes  at  an  appreciably  higher  temperature  than 
the  _steam  and  water  within.  If  the  steam  temperature 
is  375  deg.  F.  and  the  gases  have  an  excess  temperature 
of  125  deg.,  then  the  resulting  stack  temperature  of  500 
deg.  may  represent  a  loss  of  15  per  cent  of  the  total  heat 
available.  A  counter  flow  type  of  economizer  placed  be- 
tween the  feed  pump  and  the  boiler  and  in  this  flow  of 
gases  will  most  effectively  reduce  the  gas  temperature, 
the  water  having  a  high  boiling  point  due  to  its  pressure 
and  high  heat  absorption  because  by  flowing  in  a  direc- 
tion opposite  to  the  flow  of  gases,  there  is  always  a  maxi- 
mum temperature  difl:'erence  between  the  two.  The  coun- 
ter flow  principal  also  minimizes  temperature  strains  and 
with  ca.st  iron  tubes  and  headers,  this  item  rises  to  promi- 
nence. 


The  lower  the  temperature  of  the  feed  water  entering 
the  economizer,  the  lower  will  be  the  final  gas  tempera- 
ture, yet  the  former  should  never  be  below  100  deg.  F. 
and  preferably  well  above  this  figure  becau.se  low  feed 
water  temperatures  cause  moisture  in  the  flue  gases  to 


TEMPERATURES 


DRAFTS 


Fig.   1 — Typical  temperatures  and  drafts  with  Green 
economizers  in  a  modern  boiler  house. 


condense  on  the  tubts  and  headers  and  this  moisture 
combining  with  the  sulphur  usually  present  in  the  gases. 
forms  sulphuric  acid  and  rapid  corrosion  invariably 
results. 
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Economizers  as  Purifiers. 

Economizers  in  a  limited  manner  act  as  purifiers, 
causing  the  deposit  of  part  of  the  solid  matter  held  in 
suspension  and  precipitating  out  a  large  portion  of  the 
carbonates  held  in  solution.  Most  scale  is  formed  by  the 
carbonates  and  sulphates  of  magnesium  and  calcium,  the 
carbonates  resulting  in  temporary  hardness  and  the  sul- 
phates in  permanent  hardness.  As  only  the  carbonates 
are  precipitated  out  in  an  economizer,  it  may  be  said  that 
its  purifying  action  deserves  small  consideration,  it  doing 
little  more  than  relieving  the  boiler  blow-off  of  carrying 
away  a  portion  of  sludge. 

Progress  Made  in  Steel  Tube  Economizers. 

Economizers  in  this  country  have  generally  been  made 
of  cast  iron  and  because  of  the  tensile  weakness  of  cast 
iron  for  high  feed  water  pressures,  numerous  attempts 
have  been  and  are  still  being  made  to  perfect  a  steel  tube 
economizer.  Steel  tube  economizers  have  proven  unsuc- 
cessful in  the  past  because  of  excessive  internal  corro- 
sion due  to  air  held  in  solution  with  the  feed  water.  At- 
tempts to  galvanize  and  otherwise  coat  the  inside  of  steel 
tubes  failed  to  prevent  corrosion.  However,  recent  ex- 
periments have  shown  that  the  air  in  feed  water  may  be 
greatly  reduced  by  maintaining  a  heater  temperature  near 
the  boiling  point,  by  filtering,  or  by  forcing  preliminary 
oxidation  by  passing  the  feed  water  over  iron  filings 
placed  in  the  heater  outlet.  An  improved  method  now 
being  commercialized  is  to  boil  the  water  under  a  par- 
tial vacuum.  This  method  not  only  gives  an  increased 
extraction  of  air,  but  has  the  additional  advantage  of 
treating  water  with  a  temperature  well  under  the  atmos- 
pheric boiling  point.  This  latter  point  particularly  bene- 
fits where  the  temperature  of  gases  flowing  through  the 
economizer  require  that  for  maximum  heat  extraction 
the  feed  water  temperature  be  down  around  150  deg.  F. 
A  number  of  steel  tube  economizers  are  now  under  trial 
and  with  the  present  development  of  deaeration.  some 
installations   will   undoubtedly    prove    successful.      Cast 


Fig.  2 — Showing  one  Sturtevant  economizer  serving 
than  one  boiler.  The  tendency  is  toward  individual 
omizers  for  each  boiler. 


more 
econ- 


iron  economizers  are  also  subject  to  internal  corrosion, 
but  so  moderately  that  in  very  few  cases  has  internal 
corrosion  caused  failure. 

Replacing  Mechanical  Scrapers  by  Soot  Blowers. 

Economizer  tubes  collect  an  external  deposit  which 
requires  constant  removal  and  some  economizers  are 
equipped  with  mechanical  scrapers  for  removing  this 
deposit.  There  is  a  considerable  amount  of  mechanism 
to  these  scrapers  and,  in  recent  years,  a  strong  movement 


has  been  made  to  replace  them  by  soot  blowers.  Soot 
blowers  require  less  exposure  of  the  attendant  to  the 
excessive  radiant  heat  of  the  economizer,  they  can  keep 
the  economizer  tubes  cleaner,  have  a  lower  initial  cost 
and  can  be  operated  and  maintained  at  a'  considerably 
less  cost  than  can  mechanical  scrapers.  However,  me- 
chanical scrapers  will  successfully  do  their  work  and 
they  have  advantages  in  that  they  deposit  the  scrapings 
into   the   hopper   underneath   the   economizer   while    the 


Fig.  3— Babcock  and  Wilcox  Integral  Stirli"-  T-ne 
Economizer. 

soot  blower  blows  most  of  the  cleanings  out  of  the  stack 
and  the  scrapers  operate  dry  while  the  soot  blowers  de- 
posit a  certain  amount  of  moisture  on  the  tubes.  The 
latter  advantage  is  of  small  importance  where  the  water 
entering  the  economizer  is  close  to  200  deg.  F.  and  where 
superheated  steam  is  used  to  blow,  the  use  of  soot  blow- 
ers may  cause  rapid  and  disastrous  corrosion  of  the 
economizer.  Some  manufacturers  factory  equip  their 
economizers  with  soot  blowers,  while  in  other  instances 
scrapers  have  been  replaced  by  soot  blowers  after  the 
original  installation. 

Induced  Draft  Fan  Necessary. 

It  may  be  said  almost  without  exception  that  good  re- 
sults will  not  be  obtained  from  an  economizer  unless  it  is 
used  in  conjunction  with  an  induced  draft  fan.  The  loss 
of  draft  gas  due  to  gases  cooled  to  around  350  deg.  F., 
together  with  the  additional  resistance  necessary  to  pull 
the  gases  through  the  economizer  would  require  a  stack 
prohibitive  in  size  to  carry  peak  loads  or  run  high  ratings. 

The  commonly  used  induced  draft  fan  and  short  stack 
result  in  the  emission  of  large  quantities  of  dust,  the 
controlling  of  which  gives  rise  to  a  problem  of  consider- 
able magnitude.  This  dust  has  been  successfully  con- 
trolled by  an  induced  draft  fan  which  also  embodies  a 
centrifugal  dust  catcher,  the  dust  being  driven  by  cen- 
trifugalforce  to  the  outside  periphery  of  the  fan  where 
it  is  deposited  and  collected.  This  method  removes  but  a 
portion  of  the  total  dust  and  the  upkeep  cost  is  large  due 
to  the  abrasive  action  of  the  particles.  Another  method 
is  to  wash  the  dust  out  of  the  gases  by  passing  them 
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through  washers.  This  method  is  expensive  to  install 
and  a  loss  occurs  in  stack  draft  due  to  a  cooling  of  the 
gases.  The  cheapest  and  simplest  remedy  seems  to  be 
that  of  attaching  a  collecting  hopper  to  the  boiler  breech- 
ing and  baffling  the  gases  down  against  a  series  of  louvre 
blades  placed  in  the  top  of  the  hopper.  These  blades 
snub  the  dust  particles  and  cause  them  to  drop  into  the 
hopper  below.  As  this  dust  often  contains  from  60  to  65 
per  cent  fixed  carbon,  it  is  possible  to  burn  it  on  a  Coxe 
stoker. 

Economizer  Operation. 

Cast  iron  economizer  tubes  are  usually  cleaned  with 
water  driven  turbines,  the  water  acting  as  a  cushion  and 
preventing  the  turbine  from  smashing  the  tubes.  How- 
ever, an  air  driven  turbine  can  be  used  with  equal  suc- 
cess if  equipped  with  a  limit  ring.  .A.fter  cleaning  econo- 
mizers several  times  it  is  often  difficult  to  prevent  the 
caps  from  leaking.  In  such  cases  hot  joint  paste  is  su- 
perior to  pastes  of  lead  or  shellac. 

When  economizers  are  newly  installed  it  is  not  un- 
usual to  experience  a  considerable  breakage  of  headers. 
The  cause  mav  be  initial  strains  in  sections  set  up  when 
section  is  assembled  at  factory,  pressure  shock  in  feed 
water  lines,  temperature  shock  due  to  cold  air  coming  up 
through  openings  in  hopper  under  economizer  or  by  ex- 
pansion strains  due  to  local  conditions.  When  a  factory 
assembled  header  breaks  and  is  replaced  by  a  hand  as- 
sembled header,  the  latter  seldom  breaks.  In  order  to 
avoid  pressure  shocks,  every  economizer  installation 
should  have  an  air  chamber  in  the  feed  line.  This  cham- 
ber may  consist  simply  of  a  dead  end  pipe  connected  to 
the  feed  line  and  carried  well  up  above  the  economizer. 

Manufacturers  of  economizers  once  advised  by-pass 
flues  for  by-passing  the  gases  around  the  economizer 
when  repairs  are  being  made.  It  has  been  found  that 
generally  there  is  not  enough  use  for  a  by-pass  to  war- 
rant its  existence  and,  when  once  installed,  a  by-pass  is 
a  constant  annoyance  due  to  leaks  and  damper  disar- 
rangements. If  the  induced  draft  fans  are  to  be  worked 
by  automatic  control,  it  is  advisable  to  place  a  damper  in 
the  economizer  breeching.  This  damper,  if  properly  tied 
in  with  the  fan,  will  assist  the  fan  in  finding  its  proper 
draft  balance. 

Economizers  Not  Always  Installed  in  Modern  Plants. 
As  previously  stated,  economizers  have  never  been 
fully  accepted  by  the  American  engineering  profession 
and  many  modern  plants  are  being  built  with  economizers 
permanently  omitted.  However,  most  of  these  plants,  in- 
stead of  truly  eliminating  the  economizer,  have  really 
made  it  an  integral  part  of  the  boiler  itself.  The  most 
common  method  employed  when  economizers  are  omit- 
ted on  horizontal  tube  boilers  is  to  build  the  boiler  sev- 
eral rows  of  tubes  higher  than  standard  and  this  addi- 
tional heating  surface  really  amounts  to  an  integral 
steel  tube  economizer.  With  vertical  tube  boilers,  the 
additional  tubes  are  added  to  the  rear  tubes  of  the  boiler. 
One  advantage  of  this  method  is  that  the  increased  re- 
sistance to  gas  flow  is  so  small  that  an  induced  draft  fan 
is  not  required  and  by  insulating  the  breeching  and  lining 
the  stack,  it  is  possible  to  run  high  ratings  on  stack  draft 
without  induced  draft  fans.  Of  course,  it  is  always  pos- 
sible to  get  lower  final  stack  temperatures  by  using  an 
■iconomizer  and  hence  higher  overall  efficiency,  but  it  is  a 
much  mooted  question  whether  the  net  financial  gain  will 
aways  favor  the  installation  of  economizers.  If  it  is  de- 
cided to  install  economizers  in  a  modern  boiler  house,  a 
heat  balance  should  be  worked  up  very  carefully  to  de- 
termine  whether   auxiliaries    shall   be    steam   or   motor 


driven.  It  is  usually  necessary  to  motor  drive  some  of 
the  auxiliaries  in  order  to  avoid  an  excess  of  exhaust 
steam  in  the  heater  such  as  would  raise  the  feed  water 
temperature  above  the  mo.st  economical  temperature  for 
economizer  operation. 


CLASSIFIED  LISTS  OF  U.  S.  PATENTS  IN  THE 
CARNEGIE  LIBRARY  OF  PITTSBURGH. 

The  Technology  Department  of  the  Library  is  now 
able  to  offer  an  extremely  valuable  service  to  those 
interested  in  patents  pertaining  to  the  chemical  and 
metallurgical  industries.  The  Department  has  secured 
lists  of  the  actual  numbers  of  patents  in  forty-eight 
complete  classes  of  the  United  States  Patent  Office 
classification.  These  classes  comprise  approximately 
two  hundred  thousand  patents,  covering,  in  general, 
the  entire  field  of  chemistry  and  metallurgy.  Within 
these  limits  the  list  should  enable  anyone  to  make  a 
completepatent  search.  This  is  a  form  of  service  not 
available  elsewhere  outside  the  Patent  Office,  since  the 
indexes  printed  and  distributed  by  the  Patent  Office 
are  of  little  value  in  making  a  thorough  patent  search 
by  subjects. 

The  lists  are  arranged  by  classes  and  sub-classes. 
The  following  will  probably  be  of  interest  to  readers 
of  The  Blast  Furnace  and  Steel  Plant: 

Class  22,  Metal  Founding.  (Includes  219  sub- 
classes and  contains  approximately  5.867  pat- 
ents.) 

Class  29,  Metal  W'orking.  (Includes  189  sub-classes 
and  contains  approximately  6.572  patents.) 

Class  75,  Metallurgy.  (Includes  about  16  suli- 
classes.  containing  approximately  1,350  patents 
on  ferrous  metallurgy.) 

Class  78,  Metal  Forging  and  \\'elding.  (Includes 
about  103  sub-classes  containing  approximatelv 
3,286  patents.) 

Class  80.  Metal-Rolling.  (Includes  about  66  sub- 
classes, containing  approximately  2,892  patents.) 

Class  148,  Metal  Treatment.  (Includes  32  sub- 
classes, containing  approximately  3,222  patents.) 

Class  158.  Liquid  and  Gaseous  Fuel  Burners.  (In- 
cludes about  121  sub-classes,  containing  ap- 
proximately 8.444  patents.) 

Class  183.  Gas  Separation.  (Includes  122  sub- 
classes, containing  approximately  2,880  patents.) 

Class  184.  Lubrication.  (Includes  106  sub-classes, 
containing  approximately  4.324  patents.) 

Class  202.  Charcoal  and  Coke.  (Includes  about  10 
sub-classes  containing  approximately  688  pat- 
ents.) 

Class  204.  Electrochemistry.  (Includes  sub-classes 
on  electric  furnaces  and  electrodes,  containing 
approximately  1.224  patents.) 

Class  205,  Metal-Drawing.  (Includes  29  sub- 
classes, containing  approximately  610  patents.) 

Class  207.  Plastic  Metal  Working.  (Includes  19 
sub-classes  containing  approximately  379  pat- 
ents.) 

Class  266,  Metallurgical  .apparatus.  (Includes  42 
sub-classes,  containing  approximately  2,000 
patents.) 
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Saving  Steam    With   Soot  Blowers 

Saving  in  Steam  Effected  by  Valve-in-Head  Soot  Blowers — Charts 
Showing  the  Steam  Consumption  of  the  Soot  Blowers  When; 
Operated  for  Varying  Lengths  of  Time. 

By  ROBT.  JUNE 


ONE  of  the  outstanding  features  of  the  new  Valv- 
in-Head  Soot  Blower  (Fig.  1)  is  the  steam  sav- 
ing effected  by  the  unit  valve  being  open  just  long 
enough  to  have  the  jets  pass  over  the  part  of  the  tubes 
to  be  cleaned.  With  the  cam  adjusted  to  hold  the  valve 
open  for  300  degrees  the  head  uses  steam  from  five  to 
seven  seconds  per  revolution.  As  the  gear  reducfion 
assures  turning  of  the  element  slowly  and  steadily,  it  is 
rarely  necessary   to  revolve   the  blower  more   than  two 


Fig.   1 — Diamond  Valve-in-Head   Soot   Blower. 

or  three  times.     This  means   that   steam   is   being  used 
from  15  to  21  seconds  per  unit  per  blowing. 

In  contrast  the  valve  of  the  plain  revolving  soot 
blower  is  necessarily  open  from  45  to  75  seconds,  60  sec- 
onds being  the  average  time  required  for  close  attentive 
operation. 

At  this  point  it  is  well  to  observe  that  very  few  men 
operating  soot  blowers  realize  the  importance  of  giving 
proper  attention  to  the  steam  loss  due  to  unit  valves 
being  kept  open  longer  than  necessary  to  clean  the  boiler 
properly.  We  have  timed  a  large  number  of  soot  blower 
operations,  many  of  them  without  the  knowledge  of  the 
operator,  and  it  has  been  surprising  to  note  the  frequency 
with  which  the  unit  valves  are  kept  open  tvyo  and  three 
minutes  and  even  longer,  while  keeping  the  valves  open 


from  a  minute  and  a  half  to  two  minutes  is  common 
practice.  Fig.  2  is  a  chart  from  which  the  steam  loss 
from  excessive  blowing  can  readily  be  computed.  The 
vertical  column  of  figures  at  the  left  is  the  steam  pres- 
sure in  the  header  when  blowing,  while  the  figures  at  the 
bottom  show  the  amount  of  steam  that  will  pass  through 
a  standard  5/16-in.  soot  blower  nozzle  at  the  various 
pressures  in  a  given  time. 

The  point  at  which  the  slanting  lines  intersect  vertical 
lines  for  a  given  pressure  indicates  the  steam  flow  through 
the  nozzle  for  the  time  marked  on  each  slanting  line.  By 
this  method  we  find  that  with  100  pounds  header  pres- 
sure, 2.4  pounds  of  steam  will  flow  through  a  nozzle  if 
the  valve  is  open  30  seconds,  while  9.6  pounds  will  be 
used  if  the  valve  is  left  open  120  seconds. 

Taking  a  standard  21  wide  B.  &  W.  boiler,  we  find 
we  have  five  units  of  20  jets  each,  or  100  jets.  To  blow 
this  boiler  by  the  Valv-in-Head  system  with  the  valves 
open  30  seconds  each  will  require  240  pounds  of  steam, 
while    with    the    independent    valve    soot    blower    if    the 


I' 

i§ 

is 

^   Hi 

^  I     2     ■i    »     5    b     r    B     3    re    1/    fl    i3    I*    iS 

Sre/fn  conSorifir/Of  //v  1.36 
Fig.  2 — Steam  consumption  for  single  5/16  in.  jet.     Header 
pressure  40  to   120  lbs.  when  blowing.     Valve  open  15  to 
i20  seconds. 

valves  are  open  120  seconds  each,  960  pounds  of  steam 
will  pass  through.  If  the  boiler  can  be  properly  cleaned 
with  the  valves  open  30  seconds,  the  loss  would  be  720 
pounds  per  blowing,  or  2.160  pounds  in  24  hours,  if  the 
blowers  were  used  three  times  a  day.  With  the  boiler  in 
service  300  days  a  year,  the  steam  loss  would  be  648,000 
pounds.  To  reduce  this  loss  to  dollars  and  cents  it  is 
only  necessary  to  multiply  the  cost  of  the  steam  from 
20  to  70  cents  per  thousand  pounds,  by  648.  If  the  steam 
costs  50  cents  per  thousand  pounds,  the  loss  for  the 
boiler  described  above  would  be  $324  per  year. 

The  chart,  Fig.  3,  shows  the  total  steam  consump- 
tion for  a  five  unit  21  wide  installation,  on  which  the 
header  pressure  is  100  pounds  with  the  unit  valves  open 
from  10  to  130  seconds.  Fig.  4  shows  the  total  steam 
consumption  of   installations  on  a  21   wide  boiler  with 
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100  pounds  header  pressure,  having  from  one  to  fifteen 
units  and  Wowing  from  15  to  120  seconds  each.  From 
this  it  will  be  seen  that  a  boiler  with  14  units,  having  20 
jets  each,  and  with  100  pounds  header  pressure,  will  re- 
quire 690  pounds  of  steam  per  blowing,  if  the  valves 
are  open  30  seconds  each,  while  1,725  pounds  will  be 
required  if  the  valves  are  left  open  75  seconds  each. 
It  should  be  noted  that  the  pressures  given  are  for  the 
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Fig.  3 — Steam  consumption  in  lbs.   per  5  units  on  boiler  21 
tubes  wide.     100  lb.  pressure  when  blowing. 

header  while  blowing.  With  one  unit  valve  open  the 
header  pressure  will  be  from  50  to  80  per  cent  of  the 
boiler  pressure,  depending  on  the  size  of  the  piping,  the 
bends  and  valves  in  the  line,  the  number  of  jets  on  the 
unit  and  other  conditions.  The  header  pressure  will 
always  be  somewhat  higher  than  the  pressure  in  the 
blower  element,  due  to  friction  between  the  header  and 
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Fig-  4 — Steam  consumption  per  unit  for  boiler  21  tubes  wide. 
Header  pressure  100  lbs.  when  blowing.  Valve  open  IS 
to  120  seconds. 

the  element  and  in  the  element.  This  will  also  account 
for  the  discrepancies  between  these  charts  and  the  re- 
sults obtained  by  the  use  of  Napier's  Formula. 

These  charts  have  been  compiled  from  data  collected 
while  making  tests  on  soot  blowers  at  one  of  the  largest 
power  plants  in  the  United  .States  under  conditions  which 
assure  their  accuracy. 


LETTERS  TO  EDITOR. 


"A  trial  l)y  Bury  at  Skinningrove  Iron  Works  pub- 
lished immediately  after  the  war,  to  recover  the 
ethylene  from  coke  oven  gases  in  the  form  of  alcohol 
by  absorbing  the  ethylene  in  6  deg.  Be  Sulphuric  Acid, 
have  not  been  realized  on  a  commercial  scale,  although 
great  expectations  were  expressed  in  responsible  quar- 
ters. The  heat  economy  of  the  process  is  so  unsatis- 
factor}-  that  almost  as  many  heat  units  must  l)e  spent 
as  are  recovered  in  the  form  of  alcohol." 

The  facts  are  in  quite  opposition  to  this  statement. 

The  Skinningro\e  method,  devised  by  Messrs. 
Bur\%  OlJander  and  Tidman  for  the  recovery  of  al- 
cohol, implements  in  every  connection  coke  oven  waste 
heat  of  no  market  value  as  against  the  exjienditurc  of 
purcha.sed  fuel.  It  would  only  be  true  to  state  that 
if  this  heat  had  to  be  ])urchased,  the  recovery  of  alcohol 
would  not  he  worth  while.  The  process  has  not  been 
abandoned  as  indicated  in  your  Journal,  although  it 
has  been  delayed  owing  to  the  industrial  iipheavel  dur- 
ing the  past  year  in  Great  Britain,  during  which  period 
the  coking  plants  everywhere   lia\e  iieen   shut  down. 

Vi)iu-s  faithful!}'. 

The  Skinningroxe  Iron  Co.  Limited. 
Ayna  Hutchinson, 
Managing  Director. 


Dear  Sir : 

Statement  published   in   vour 
1922,  as  follows : 


.Summer  B.  F^ly,  Prof,  of  Commercial  Engineering, 
Carnegie  Institute  of  Technology, 
Pittsburgh,  Pa. 
Dear  Sir : 

I  have  read  with  much  interest  in  The  Blast  Fur- 
nace &  Steel  Plant  Magazine,  an  abstract  of  your  paper. 
"The  Possibility  of  Improved  Methods  of  Rolling 
Sheet  Steel."  The  possibilities  of  a  continuous  sheet 
mill  are  indeed  very  interesting  and  no  doubt  will  some 
day  be  realized. 

You  have  given  in  your  jKijier  a  description  of  a 
continuous  sheet  mill  in  the  town  of  Teplitz  in  North- 
ern Austria.  This  mill  finishes  12  gauge  sheets,  60  feet 
long  and  from  40  to  50  inches  wide. 

In  connection  with  the  rolling  of  12  gauge  plates 
or  sheets  I  believe  you  will  be  interested  to  know 
about  the  Brier  Hill'  Steel  Co.'s  84  in.  Plate  iMill  at 
Youngstown.  Ohio.  I  was  efficiency  engineer  at  this 
plant  and  helped  to  work  out  some  of  the  difficulties 
experienced  in  starting  a  new  plant. 

This  is  a  tandem  plate  mill.  The  rougher  is  a  two 
high  motor  driven  reversing  mill  and  is  used  in  rough- 
ing down  3  in..  4  in.  and  5  in.  slabs.  These  slabs  are 
then  rolled,  in  a  three  high  finishing  mill,  down  to  as 
low  as  12  gauge.  This  mill  is  able  to  roll  12  gauge 
sheets.  36  inches  wide  and  40  or  50  feet  long  at  the  rate 
of  60  sheets  an  hour. 

These  sheets,  however,  on  leaving  the  mill  arc 
buckled  too  much  to  make  satisfactory  sheets.  This 
difficulty  is  entirely  overcome  by  the  use  of  a  Hagan 
CoStello  Continuous  .\nnealing  Furnace.  The  sheets 
on  passing  through  this  continuous  annealing  furnace 
are  heated  to  1,600  deg.  or  1.700  deg.  F.  and  then  are 
given  three  passes  through  cold  rolls  which  makes 
sheets  comparable  to  sheet  mill  product. 

Manv  hundred  of  tons  of  sheet  steel  are  rolled  at 
this  ]5late  mill  for  automobile  bodies,  a  product  {ordi- 
narily considered  a  sheet  mill  ])ru<luct. 


Journal    of  January, 


W'rv  truly  vours. 


L.  L.  Darner. 
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t  NE\VS     OF    THE     PLANTS  I 


The  Hudson  City  Steel  Corporation,  233  Broadway,  New 
York,  N.  Y.,  is  completing  plans  and  will  soon  commence  the 
erection  of  its  proposed  plant  at  Hudson,  N.  Y.,  where  site  has 
been  secured  providing  an  extensive  acreage.  The  plant  will 
consist  of  a  series  of  six  main  buildings,  each  one-story,  esti- 
mated to  cost  approximately  $1,000,000.  including  machinery. 
The  works  will  be  used  for  the  manufacture  of  a  general  line 
of  steel  products.  Dwight  P.  Robinson  &  Company,  125  East 
Forty-sixth  street.  New  York,  is  engineer  for  the  project,  and 
bids  will  be  asked  from  this  office. 


The  Eastern  Steel  &  Wire  Company,  Newark,  N.  J.,  recently 
organized  under  state  laws  with  a  capital  of  $1,000,000,  has  pur- 
chased a  tract  of  land  on  Evergreen  avenue,  near  Frelinghuysen 
avenue,  as  a  site  for  the  erection  of  a  new  plant  for  the  manu- 
facture of  general  steel  and  steel  wire  products.  A  general 
building  contract  has  been  awarded  to  the  American  Concrete 
Steel  Company,  27  Clinton  street,  Newark,  for  the  erection  of 
the  initial  plant  unit,  to  consist  of  a  main  building  180x520  feet, 
and  a  number  of  smaller  structures,  estimated  to  cost  approxi- 
mately $300,000,  including  machinery  and  operating  equipment. 
Ground  for  the  plant  will  be  broken  early  in  April  and  it  is 
expected  to  have  the  plant  ready  for  service  early  in  the  fall. 
Contracts  for  the  machinery  will  be  awarded  in  the  near  future. 
E.  A.  Henry,  formerly  connected  with  the  American  Steel  & 
Wire  Company,  Pittsburgh,  Pa.,  is  president  of  the  new  cor- 
poration. 


The  Pidgeon-Thomas  Iron  Company,  Memphis,  Tenn.,  has 
completed  plans  for  the  construction  of  a  new  steel  fabricating 
plant  for  structural  and  other  iron-working.  It  will  be  one- 
story,  165x260  feet,  and  is  estimated  to  cost  close  to  $75,000,  in- 
cluding equipment.  E.  L.  Harrison,  Memphis,  is  architect  and 
engineer  in  charge  of  the  work. 


The  Tennessee  Coal,  Iron  &  Railroad  Company,  Birmingham. 
Ala.,  a  subsidiary  of  the  United  States  Steel  Corporation,  has 
all  of  its  blast  furnaces  in  operation,  with  production  in  other 
departments  on  practically  a  100  per  cent  basis.  It  is  said  that 
this  is  the  first  complete  steel  plant  attaining  full  production  dur- 
ing the  past  24  months. 


The  Pennsylvania  Tank  Line,  Argentine,  Kan.,  manufacturer 
of  steel  tank  cars  and  affiliated  steel  products,  has  broken  ground 
for  the  erection  of  a  new  plant  at  Augusta  and  Fortieth  streets, 
Argentine,  Kan.,  to  consist  of  three  buildings.  These  will  be  a 
one-story  steel  fabricating  works,  80x100  feet,  and  two  adjoining 
buildings,  80x100  feet,  and  40x45  feet,  respectively.  The  gen- 
eral contract  for  the  structures  has  been  awarded  to  the  Kan- 
sas City  Structural  Steel  Company.  Headquarters  of  the  com- 
pany are  at  25  West  Forty-third  street.  New  York,  N.  Y. 


The  American  Steel  &  Wire  Company,  Worcester,  Mass.,  has 
filed  plans  for  the  erection  of  an  addition  to  its  plant  on  Fair- 
mount  avenue,  New  Haven,  Conn.,  to  cost  about  $40,000.  Im- 
provements will  be  made  also  in  the  present  building.  The  work 
will  be  placed  under  way  at  once. 


The  Carbon  Iron  &  Steel  Company,  Parryville,  Pa.,  is  plan- 
ning for  the  early  resumption  of  production  at  its  plant,  which 
has  been  under  curtailment  for  some  time  past.  Improvements 
and  repairs  will  be  made  to  the  main  machinery  and  operating 
equipment. 


The  F.  P.  Smith  Wire  &  Iron  Works,  Inc.,  2346-Clybourn 
avenue,  Chicago,  111.,  has  arranged  for  the  erection  of  an  addi- 
tion to  its  plant  for  increased  capacity.  The  new  building  will 
be  three-story,  25x42  feet,  and  will  be  located  at  the  rear  of 
Clybourn  and  Chester  avenues.  A  general  building  contract  for 
the  work  has  been  let. 


The  Rhode  Island  Malleable  Iron  Company,  Hillsgrove,  R.  I., 
has  completed  plans  for  the  erection  of  a  new  one-story  plant  at 
Providence,  R.  I.,  and  will  commence  construction  at  an  early 
date.  It  will  be  67.x250  feet,  located  on  Narragansett  avenue, 
and  will  be  equipped  for  general  production. 


The  TrumbuU-Clififs  Iron  Company,  Warren,  Ohio,  is  main- 
taining continuous  operation  at  its  new  blast  furnace,  recently 
blown  in.  High  production  averages  are  being  secured,  totaling 
close  to  500  tons  of  material  a  week.  The  output  is  being  used 
at  the  plant  of  the  Trumbull  Steel  Company,  of  which  the  com- 
pany is  a  joint  subsidiary  with  the  Cleveland-Cliffs  Iron  Com- 
pany, Cleveland,  Ohio. 


The  Cambria  Steel  Company,  Johnstown,  Pa.,  has  recently 
resumed  production  at  the  open  hearth  furnaces  at  its  local  plant. 
At  the  Franklin  works  of  the  company,  16  furnaces  are  in  opera- 
tion at  the  present  time,  while  plans  are  being  perfected  for  the 
early  resumption  of  production  at  the  plant  at  Bessemer,  Pa. 


The  Boston  Iron  &  Metal  Company,  Pratt  Street,  Baltimore, 
Md.,  has  recently  acquired  the  plant  of  the  C.  A.  Gambill  Manu- 
facturing Company.  EUicott  City,  Md.,  which  has  been  in  finan- 
cial difficulties.  The  new  owner  has  given  a  stated  considera- 
tion of  $410,000  for  the  property,  and  plans  to  utilize  the  works 
in  connection  with  its  general  operations.  Morris  Schapiro  is 
president. 


The  Youngstown  Pressed  Steel  Company,  Warren,  Ohio, 
affiliated  with  the  Sharon  Steel  Hoop  Company,  Sharon,  Pa., 
has  work  under  way  on  enlargements  at  its  local  plant  for  in- 
creased production,  -'\dditional  equipment  will  be  installed  in 
certain  departments  of  the  works.  It  is  expected  to  have  the 
expansion  completed  and  ready  for  operation  at  an  early  date. 


The  Swartz  Manufacturing  Company,  Freeport,  111.,  has  been 
organized  to  take  over  and  operate  the  business  heretofore  con- 
ducted by  Charl  H.  Swartz,  for  the  manufacture  of  iron  prod- 
ucts. A  new  shop  building  has  recently  been  erected  and  will 
be  used  for  general  works  expansion,  particularly  in  the  line  of 
iron  products  for  automotive  service.  Carl  H.  Swartz  heads 
the  new  organization. 


The  Inland  Steel  Company,  Chicago,  111.,  is  increasing  pro- 
duction at  its  East  Chicago,  Ind.,  works,  and  has  recently  added 
about  1,000  men  to  the  working  force.  The  manufacture  of  steel 
rails  has  been  resumed,  and  a  number  of  the  mill  departments 
are  now  engaging  on  close  to  an  80  per  cent  basis.  The  com- 
pany has  secured  an  order  from  the  Union  Pacific  Railroad 
Company  for  350  tons  of  spikes,  and  also  has  booked  a  num- 
ber of  rail  contracts. 


The  Ohio  Steel  Foundry  Company,  Lima,  Ohio,  has  secured 
a  large  order  for  castings  for  the  Argentine  Republic,  and  has 
arranged  for  operations  at  a  full  capacity  schedule  at  its  local 
plant. 
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I      WITH  THE  EQUIPMENT  MANUFACTURERS      I 
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NEW  HAND  POWER  HOIST 

Users  of  hand  power  hoists  of  five  tons  and  larger  capacity 
will  be  interested  in  a  patented  electric  machine  that  may  be  sus- 
pended in  the  bight  of  the  operating  chain,  having  a  capacity  to 
overhaul  138  feet  of  hand  chain  per  minute  and  chain  pull  of 
130  pounds. 

This  gives  a  load  lifting  speed  of  approximately  four  times 
that  obtainable  by  hand  power  and  requires  but  one  man  for 
operation. 

Current  may  be   supplied  by   a   flexible  conductor    from   con- 


Fig.  1. 


venient  sockets  or  suspended  from  the  hoist  if  more  desirable 
to  bring  feeders  to  that  point. 

The  machine  balances  itself,  weighs  about  160  pounds  and  is 
easily  handled. 

The  gears  are  hardened  and  run  in  oil. 

It  can  be  furnished  for  operation  on  both  alternating  and 
direct  current. 

The  machine  is  manufactured  by  the  New  Jersey  Foundry  & 
Machine  Company,  90  West  street.  New  York  City,  from  whom 
more  complete  information  may  be  obtained. 


NEW  GASOLINE  POWERED  LIFT  TRUCK 

A  gasoline  powered  elevating  platform  truck  embodying  many 
unique  construction   features,   to  be  known   as   the   Clark  Truk- 
lift,  has  been  put  in  production  by  the  Clark  Tructractor  Com 
pany,  Buchanan,  Mich.,  manufacturers  of  gasoline  driven  indus- 
trial trucks  and  tractors. 

The  Clark  Truklift  conforms  in  appearance  and  uses  to  the 
electric  elevating  lilt  trucks  which  have  been  used  in  industrial 
plants  for  many  years,  but  low  initial  cost,  ease  of  maintenance, 
flexibility,  and  continuous  24-hour  service  are  distinguishing 
characteristics  claimed  for  it  by  the  builders,  who  are  the  pioneers 
in  the  manufacture  of  gasoline  industrial  trucks. 

The  loading  platform  is  26  in.  wide  by  54  in.  long  and  will 
elevate  its  load  of  4,000  lbs.  from  a  minimum  of  11  in.  to  a 
maximum  of  16  in.  from  the  floor  in  eight  seconds ;  automatic 
stops  provide  for  both  up  and  down  limits ;  elevation  can  be 
stopped  by  hand  control  lever  at  any  point. 

The   lifting   mechanism    is   operated    by    hydraulic     pressure. 


Power  for  locomotion  and  elevating  the  load  is  derived  from  a 
IS  hp.  4-cylinder  tractor  engine  with  a  3'4  in.  bore  and  4J4  in. 
stroke.  The  engine  is  mounted  at  the  rear  in  a  closed  com- 
partment containing  transmission,  governor,  vacuum  tank,  radia- 
tor, etc. 

A  three-point  suspension  is  used,  the  steering  wheel  forks 
being  supported  in  a  steel  casting  which  is  pivoted  at  the  center 
of  the  frame  on  a  chrome  nickel  steel  pin  2  in.  in  diameter.  The 
drive  is  through  a  Clark  bevel  gear  axle  equipped  with  ball  and 
roller  bearings  located  under  the  loading  platform.  Driving 
wheels  are  cast  steel  with  pressed  on  rubber  tires  lOyixS  in. ; 
steering  wheels  are  cast  steel  disc  type  with  pressed  on  rubber 
tires  16x3j^  in. 

Standard  automotive  construction  has  been  adhered  to 
wherever  possible  so  that  the  Truklift  can  be  serviced  by  any 
good  automobile  or  truck  mechanic.  The  manufacturers  claim 
as  a  very  desirable  feature  the  provisions  that  have  been  made 
for  accessibility — a  hinged  hood  renders  the  engine  available  for 
inspection  instantly  and  if  necessary  the  machine  can  be  stripped 
down  to  the  chassis  in  less  than  20  minutes. 

The  driving  and  elevating  controls  are  mounted  on  the  rear 
of  the  engine  compartment  and  are  operated  by  the  driver  who 
drives  standing.  The  brake  lever  pedal  is  under  the  driver's 
foot  and  so  arranged  that  the  Truklift  stops  automatically  if 
for  any  reason  the  operator  steps  off  while  the  machine  is 
running. 

The  Truklift  is  the  outgrowth  of  two  years  of  development 
and  testing  work  and  is  intended  to  meet  the  needs  of  those 
who  require  a  full  powered  machine  to  work  eight  hours  or 
more  a  day  continuously  in  the  transporting  of  materials  in  de- 
partmental or  inter-plant  haulage ;  it  will  climb  a  10  per  cent 
grade  with  a  4,000-lb.  load  and  has  two  speeds  in  each  direction. 

The  total  weight  of  the  Truklift  ready  to  go  to  work  is 
2,500  lbs. ;  over  all  length  of  machine  is  107  in. ;  width  35yi  in. 
and  height  51  in. 


WHEN  "FREE  AS  AIR"  LOSES  ITS  MEANING 

Air  when  compressed  and  converted  into  a  form  of  energy 
and  power  ceases  to  be  "free";  fuel,  machinery,  equipment,  and 
labor  enter  into  making  it  an  item  of  cost.  And  cost  of  com- 
pressed air  greatly  rises  through  any  waste  by  leakage  before 
final  distribution  to  the  tool  which  it  operates  or  to  the  points 
of  its  ultimate  use.  Due  to  leakage  through  joints  in  piping, 
valves,  split  pipe,  defective  castings,  and  wastage  at  a  tool  or 
machine,  the  over  all  efficiency  of  compressed  air  is  very  often 
reduced  40  to  60  per  cent  throughout  the  system. 

Jenkins  Brothers,  manufacturers  of  Jenkins  Valves,  have  re- 
cently perfected  and  are  now  marketing  a  brass  air  gun,  which 
is  air-tight  and  an  assurance  against  costly  air  waste.  The  Jen- 
kins renewable  disc  with  which  this  air  gun  is  fitted  is  an  inno- 
vation in  equipment  of  this  kind,  and  is  especially  suited  for  air 
service.  The  disc  forms  a  perfect  contact  on  the  seat  and  takes 
up  the  wear  of  frequent  usage.  The  disc  gives  long  service,  but 
can  be  easily  and  quickly  renewed  if  necessary. 

This  air  gun  is  finding  wide  use  in  foundries  for  blowing 
ofT  cores,  cleaning  core  boxes,  flasks,  patterns,  and  for  general 
dusting.  In  machine  shops  for  blow'ing  ofT  chip  boring  filings, 
trimmings,  and  for  cleaning  tools,  taps,  dies,  etc. — and  in  wood 
working  mills,  textile  mills,  electrical  stations,  garages — every- 
where that  a  blast  of  air  is  required. 
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Col.  Arthur  S.  Dwight,  New  York,  the  new  president  of 
the  American  Institute  of  Mining  and  Metallurgical  Engi- 
neers, is  a  leading  figure  in  the  Federated  American  Engi- 
neering societies.  He  is  a  graduate  of  the  Columbia  School 
of  Mines,  where  lie  obtained  his  degree  in  1885.  Col.  Dwight 
has  been  active  in  the  Anglo-American  movement  to  pro- 
mote world  peace  through  the  cooperation  of  engineers 
throughout  all  countries.  He  is  a  former  trustee  of  Columbia 
university  and  is  secretary  of  the  general  committee  of  trus- 
tees, faculty  and  alumni  of  the  Columbia  School  of  mines. 
Col.  Dwight  was  a  member  of  the  American  mission  which 
went  abroad  last  summer  to  confer  the  John  Fritz  gold  medal 
upon  Sir  Robert  Hadfield  in  England  and  Eugene  Schneider 
in   France. 

V  V 

Martin  Harder  has  become  affiliated  with  the  South  Side 
Malleable  Castings  Company,  Milwaukee,  Wisconsin.  Mr. 
Harder  was  formerly  superintendent  of  the  malleable  de- 
partment of  the  Chain  Belt  Co.,  Milwaukee,  and  more  re- 
cently connected  with  tlie  Saginaw  Mallealjle  Iron  Co.,  Sag- 
inaw, Michigan. 

V  V 

C.  D.  Watson  lias  opened  an  office  at  407  Mahoning  Bank 
Building,  Youngstown,  Ohio,  where  he  will  handle  sheets  and 
sheet  mill  by-products  under  the  name  of  the  Watson  Bros. 
Steel  Company.  Mr.  Watson  was  formerly  vice  president 
of  the  Sheet  Metal  Mfg.  Company,  Youngstown,  Ohio. 

V  V 

C.  Rogers,  formerly  superintendent  of  the  Michigan  Gray 
Iron  Casting  Company,  Detroit,  has  been  made  night  super- 
intendent for  the  Monroe  Steel  Casting  Co.,  Monroe.  Mich- 
igan. 

V  V 

John  McConnell  has  again  become  affiliated  with  the 
United  Alloy  Steel  Corporation,  Canton,  Ohio,  as  vice  presi- 
dent in  charge  of  operations.  He  gained  distinction  in  the 
early  days  of  the  United  Steel  Company,  later  merged  in 
the  United  Alloy  Steel  Corporation,  in  producing  the  first 
vanadium  steel  in  commercial  quantities.  His  experience 
comprises  ten  years  with  the  Carnegie  Steel  Company,  three 
years  with  the  Bethlehem  Steel  Company,  eleven  years  with 
the  United  Steel  Company  when  he  was  general  superin- 
tendent, one  year  with  the  Central  Steel  Company  as  con- 
sulting   metallurgist,    and    three    years    as    vice    president    in 


charge   of  alloy  steel  production   with   the   Interstate   Iron   & 
Steel  Company,  Chicago. 

V  V 

The  Westinghouse  Electric  &  Mfg.  Company  recently  an- 
nounced several  changes  in  the  personnel.  R.  L.  Rathbone, 
who  has  been  manager  of  the  Cleveland  ofTice,  will  take  up 
special  duties  in  connection  with  merchandising  matters,  with 
headquarters  in  Cleveland,  and  is  succeeded  'by  J.  Andrews, 
Jr.,  who  has  been  manager,  industrial  division,  Pittsburgh 
oflice.  R.  Seybold  has  been  appointed  manager  of  price 
statistics  and  will  act  as  secretary  of  the  domestic  sales 
committee.  W.  R.  Keagy  has  been  appointed  manager  of 
the  Cincinnati  oiifice  and  J.  R.  Deering  manager  of  the  Los 
.\ngeles  office.  H.  S.  Walker  succeeds  H.  E.  Lanning  as 
promotion  man  in  the  Denver  oiifice  and  I.  G.  Cline  takes 
the  promotion  work  vacated  by  R.  A.  O'Reilly  in  the  Chicago 
office.  K.  L.  Graham  succeeds  to  the  post  vacated  by  H.  C. 
Hopkins  as  promotion   man   in  the   San   Francisco  office. 

V  V 

E.  M.  Griffiths,  the  founder  of  the  Burton  Griffiths  & 
Co..  Ltd.,  of  London,  England,  has  resigned  his  position  as 
managing  director  and  chairman  of  that  business  and  has 
also  retired  from  the  board  of  the  Birmingham  Small  Arms 
Co.,  Ltd.,  so  that  he  is  no  longer  associated  with  the  control 
of  either  company.  His  city  address  is  now  30-32  Ludgate 
Hill.  London,  E.  C. 

V  V 

Joseph  H.  Roberts,  Midvale  Steel  &  Ordnance  Company, 
Nicctown  Works,  has  resigned  to  'become  assistant  to  the 
president  of  the  Electric  .Mloy  Steel  Company.  Youngstown. 
Ohio. 

V  V 

John  F.  Mazen  has  been  appointed  assistant  general  man- 
ager of  sales  of  the  Pittsburgh  Steel  Company,  Pittsburgh, 
Pa.  Mr.  Hazen  has  been  connected  with  the  above  named 
company  for  several   years  in   the   capacity   of   sales. 

V  V 

Samuel  E.  Duff,  consulting  engineer,  Pittsburgh,  has  l)een 
elected  president  of  the  Memphis  Steel  Construction  Com- 
pany, Magee  Building,  that  city.  For  some  time  past  has 
been  that  company's  consulting  engineer.  He  succeeds  C.  A. 
Hunt. 

V  V 

Samuel   R,   Robinson  recently  resigned  as  foundry  super- 
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intendent  of  the  Sandusky  Foundry  &  Machine  Comipany. 
Sandusiky.  r)liio.  to  become  metallurgist  with  the  Lorain 
Foundry  Company,  Lorain,  Oliio.  Previously,  Mr.  Robinson 
had  been  metallurgist  for  the  Philadelphia  Roll  &  Machine 
Company,  Philadelphia,  and  the  Duquesne  Steel  Foundry  Com- 
pany, Coraopolis,  Pa. 

V  V 

J.  C.  Miller,  Manager  of  the  Columbus,  OJiio,  division  of 
the  American  Rolling  Mill  Company,  Middletown,  Ohio,  has 
been  transferred  to  AsWand,  Kentucky,  as  manager  of  the 
.\shland  division,  formerly  the  Ashland  Iron  &  Mining  Com- 
pany vi-hich  recently  was  taken  over  by  the  American  Rolling 
Mill  Company.  In  a  recent  organization  of  the  Ashland  Coal 
&  Iron  Railway  Company,  also  owned  by  the  American  Roll- 
ing Mill  Company,  Mr.  Miller  was  elected  first  vice  president 
and  general  manager  and  his  election  as  president  of  tlie 
Tygart  Limestone  Company,  another  subsidiary,  also  is  an- 
nounced. 

V  V 

Tihomas  C.  Ham,  who  has  been  looking  after  e.Njport  busi- 
ness in  the  New  York  office  of  the  Jones  &  Laughlin  Steel 
Company,  Pittsburgh,  was  on  March  1st  made  assistant  man- 
ager of  exports  under  A.  H.  Holliday,  manager  of  exports. 
He  will  remain  in  tlie  New  York  office.  Mr.  Ham  was  born 
and  raised  on  a  New  Hampshire  farm  and  is  a  graduate  of 
Dartmouth  college.  His  first  employment  in  the  steel  in- 
dustries was  with  the  American  Steel  &  Wire  Company  as 
manager  of  its  office  in  Oklahoma  City  from  which  he  was 
promoted  to  assistant  manager  of  the  merchant  trade  de- 
partment at  the  Chicago  office.  He  went  to  the  Jones  & 
Laughlin  Company  in  1910  as  assistant  to  the  manager  of 
sales  of  the  wire  department.  During  the  war  he  was  en- 
gaged in  the  promotion  of  all  the  Liberty  Loan  drives  in 
Pittsburgh.  Following  this  he  was  assigned  to  the  New  York 
office  to  look  after  export  business. 

V  V 

Robert  C.  Stanley,  who  was  recently  elected  president 
of  the  International  Nickel  Company,  is  taking  his  new  posi- 
tion with  the  responsibility  of  finding  new  uses  for  nickel. 
This  is  a  particular  need  because  of  the  effect  of  the  dis- 
armament agreement  upon  the  consumption  of  nickel  in 
armor  plate.  The  company's  development  work  will  be  con- 
solidated  and   directed   intensively.      Mr.    Stanley   'has    spent 


his  entire  business  career  with  the  International  Nickel  Com- 
pany. He  became  assistant  superintendent  of  the  American 
Nickel  Works  at  Camden,  N.  J.,  when  that  company  was 
taken  over  from  Joseph  Wharton  on  the  formation  of  the 
International  Nickel  Company  in  1902.  He  subsequently 
became  superintendent  in  charge  of  that  plant  and  his  next 
step  was  to  become  assistant  general  superintendent  of  the 
refinery  at  Constable  Hook,  N.  J.,  later  becoming  general 
superintendent.  In  1918  Mr.  Stanley  was  made  first  vice 
president  of  the  company,  in  full  charge  of  all  operations  in 
this  country  and  Canada.  He  was  elected  president  March 
1st.  He  was  graduated  from  Stevens  Institute  in  1899  with 
the  degree  of  mechanical  engineer  and  from  Columbia  School 
of  Mines  in  1901. 

V  V 

.■\.  H.  Murphy,  superintendent  of  the  .American  Rolling 
Mill  Company  plant  at  Zancsville,  Ohio,  has  been  promoted 
to  l)e  plant  manager  and  W.  R.  Barnett,  assistant  superin- 
tendent, has  succeeded  Mr.  Murphy. 

V  V 

G.  M.  Black,  formerly  blast  furnace  superintendent  of 
the  .\lan  Wood  Iron  &  Steel  Co.,  Swedeland,  Pa.,  will  leave 
for  Spain  about  .\pril  1st  where  he  will  become  connected 
with  the  Compania  Siderurgica  del  Meditterraneo.  as  super- 
intendent in  charge  of  blast  furnaces. 

V'  V' 

C.  D.  Claney  was  recently  elected  secretary  and  treasurer 
of  the  Superior  Steel  Corporation,  Pittsburgh,  at  its  recent 
annual  meeting  in  New  York  City.  Mr.  Clanej-  was  formerly 
affiliated  with  the  Crucible  Steel  Company  of  America,  Pitts- 
burgh. ."Ks  secretary,  he  succeeds  H.  D.  Sarge  who  resi.gned 
recently  as  secretary  and  assistant  treasurer.  .\t  that  meet- 
ing. President  E.  ^^^  Harrison  was  re-elected  and  E.  H. 
Forster,  formerly  vice  president  and  treasurer,  was  re-elected 
vice  president.  Donald  M.  Liddell  was  re-elected  assistant 
secretary  and  assistant  treasurer. 

V'  \' 

William  H.  \\'eichsel  recently  resigned  as  superintendent 
of  the  Dover.  Ohio,  mill  of  the  American  Sheet  &  Tinplate 
Co.,  efl^ective  .\pril  1st,  to  become  manager  of  the  Inland 
Steel  Company  works  at  Indiana  Harbor,  Ind.  Mr.  Weichsel 
has  been  superintendent  at  Dover  since  1916.  W.  H.  .\sh- 
baugh  of  Leechburg,  Pa.,  has  been  appointed  to  succeed  him. 
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HANDLING   OF  A   COKE   OVEN   PLANT 
DURING   A   DISPUTE 

In  an  inaugural  address  to  the  North  of  England  Branch  of 
the  Coke-Oven  Managers'  Association,  Mr.  A.  H.  Thwaite  dealt 
with  three  methods  to  be  adopted  during  a  dispute,  viz..  drawing 
only  enough  ovens  to  maintain  gas  supply  for  heating  the  oven 
walls,  beehive  by-product  coke  ovens,  and  the  total  shutting 
down  of  ovens  and  plant,  leaving  hot  coke  in  the  ovens. 

In  respect  to  the  former,  advantages  would  be  in  keeping  the 
oven  heats  such,  that  the  remainder  of  the  battery  could  be  rap- 
idly restarted  upon  resumption  of  work,  thus  avoiding  hand- 
firing  or  beehiving,  and  reducing  serious  contraction  of  brick- 
work. On  the  other  hand,  there  is  risk  of  not  maintaining  an 
adequate  supply  of  gas ;  expense  in  disposing  of  the  coke,  loss 
in  benzol,  and  difficulty  of  procuring  labor,  are  other  disad- 
vantages. 

Apropos  the  second  method,  carbonization  could  be  extended 
over  a  longer  period,  heats  could  be  rapidly  increased,  and  there 
would  be  no  serious  contraction  of  brickwork.  As  a  set-ofi,  how- 
ever, the  coke,  which  would  not  always  be  good,  would  be  ex- 
pensive to  stock,  and  there  would  be  a  serious  loss  in  by-prod- 
ucts, and  risk  of  damage  to  the  brickwork. 

In  shutting  down,  any  advantages  would  depend  on  whether 
arrangements  were  made  for  flues  to  take  gases  direct  from  the 
ovens  into  wall  combustion  flues,  thence  to  the  main  flue  and 
chimney.  Hand-firing  would  be  essential,  but  would  have  its  at- 
tendant dangers,  and  although  advantages  would  be  the  saving 
of  coal  and  by-products,  more  economical  as  regards  labor, 
power,  and  facilities  for  repair,  against  same  there  would  be  the 
loss  of  coke,  labor  cost  for  hand-firing,  and  contraction  of  brick- 
work. 

It  is  suggested  that  the  most  economical  way  would  be  to 
erect  suitably  designed  gas  producers,  equipped  with  mechanical 
means  for  charging  fuel,  etc.  Only  a  small  quantity  of  hot 
coke  would  be  necessary  to  enable  rapid  restarting,  and  although 
the  capital  cost  might  be  heavy,  it  would  soon  be  recompensed 
as  compared  with  the  expenses  for  hand-firing  on  the  three  pre- 
vious systems  mentioned. 


BUREAU    OF   MINES   INVESTIGATES    USE    OF 
VARIOUS  COKES  IN  BLAST  FURNACE 

The  blast  furnace  research  section  of  the  Bureau  of  Mines, 
located  at  Minneapolis,  has  carried  out  plant  investigations  for 
six  years ;  these  are  being  continued.  The  conviction  has  been 
forced  on  it.  however,  that  little  progress  toward  the  solution 
of  the  many  important  problems  involved  in  furnace  operation 
will,  or  can.  be  solved  by  any  method  of  study  of  commercial 
operations  on  account  of  the  large  amount  of  materials  to  be 
handled  and  the  numerous  causes  of  irregularities.  The  need  of 
a  furnace  capable  of  operating  on  a  small  scale  and  under  con- 
trollable conditions  has  been  obvious  for  years.  In  the  last  year 
an  experimental  stack  has  been  erected  and  12  combinations  of 
furnace  lines  and  operating  conditions  tried  out.  This  work  is 
being  continued. 

One  investigation  covers  the  effect  of  furnace  lines  on  blast 
furnace  operations.  The  blast  furnace  works  on  the  counter- 
current  principle ;  the  ascending  gas  stream  encountering  the 
descending  raw  materials,  with  a   regenerative  transfer  of  heat. 


Maximum  contact  between  gas  stream  and  raw  materials  pro- 
duces most  rapid  heat  transfer  and  reduction  of  the  ore.  The 
degree  of  contact  between  gas  stream  and  solid  charge  depends 
to  a  very  large  extent  upon  the  size  and  shape  of  the  furnace. 
.'Kbout  200  furnaces  are  relined  each  year,  most  of  the  new 
lines  being  copies  of  previous  unsatisfactory  ones.  The  furnace 
designer,  lacking  practical  rules  governing  the  best  shape  of  fur- 
nace, prefers  to  stick  to  known  troubles  rather  than  accept  the 
risk  of  a  new  design.  An  investigation  in  the  laboratory  and 
in  the  experimental  furnace  is  being  carried  on  by  the  bureau 
with  the  hope  to  discover  some  fundamental  principles  which 
may  be  of  use  to  the  furnace  designer. 

Another  investigation  being  conducted  relates  to  the  effect  of 
physical  characteristics  of  the  charge  on  blast  furnace  operation. 
Probably  the  greatest  cause  of  the  fundamental  inefficiency  of 
the  blast  furnace,  considered  thermally  as  a  furnace,  is  due  to 
the  enormous  disparity  between  the  sizes  of  the  particles  of  the 
solids  charged.  The  average  lump  of  coke  has  a  volume  of  400 
to  800  cc.  and  a  surface  exposed  to  the  gas  stream  of  O.S  to  1 
sq.  cm.  per  gm.  The  average  ore  particle,  on  the  contrary,  has 
a  volume  approximately  O.OOOOOS  and  would  expose  a  surface 
of  about  300  sq.  cm.  per  gm.  to  the  gas  stream  if  its  surface 
were  exposed  to  the  gas  stream.  A  study  is  being  made  of  the 
effect  on  furnace  operation  of  a  mixture  of  solid  particles  one- 
third  of  which  is  one  hundred  million  times  the  size  of  the 
other  two-thirds.  In  a  number  of  cases  furnace  operators  have 
improved  furnace  efficiency  by  sizing  the  coke  charge.  There  are 
prospects  of  being  able  to  continue  such  work  on  the  sizing, 
not  only  of  the  coke  but  of  the  ore. 

The  bureau  is  also  conducting  performance  tests  on  various 
cokes  in  the  blast  furnace.  Opportunities  for  obtaining  rather 
complete  data  on  coking  conditions  and  co-ordinate  informa- 
tion concerning  the  performance  of  this  coke  in  the  blast  fur- 
nace are  particularly  good  at  this  plant.  Variations  in  the  qual- 
ity of  the  coke  in  commercial  practice  are  sufficiently  great  to 
promise  valuable  data  without  instituting  special  coking  con- 
ditions. Furnace  irregularities  from  other  causes  probably  will 
be  difficult  to  eliminate.  Chances  of  a  successful  study  of  data 
at  this  plant  are  better  than  at  the  majority  of  plants  due  to 
the  simple  and  direct  means  there  employed  for  the  transfer  of 
coke  from  the  ovens  to  the  furnace.  In  most  plants  the  identity 
of  individual  coke  heats  is  lost  in  transfer  and  storage  of  the 
coke. 


COAL  AVAILABLE  IN  CASE  OF  STRIKE 

An  analysis  of  the  coal  situation,  the  purpose  of  which  is  to 
give  business  men  information  regarding  possible  fuel  supplies 
in  the  event  of  a  strike  of  miners  on  April  1,  has  been  issued 
by  the  Coal  Bureau  of  the  Natural  Resources  Department  of  the 
Chamber  of  Commerce  of  the  United' States.  The  bulletin  car- 
ries charts  covering  conditions  in  particular  localities. 

As  the  anthracite  field  is  100  per  cent  unionized,  all  sup- 
plies in  the  event  of  a  complete  closing  of  the  mines  will  have 
to  be  drawn  from  stocks  on  hand.  Reliable  figures  on  which 
to  base  an  estimate  covering  possible  anthracte  supplies  in  the 
event  of  a  strike  completely  closing  the  mines  are  not  available. 

Assuming  this  year's  bituminous  consumption  to  be  com- 
parable to  that  of  1921,  7,600,000  tons  per  week,  the  supply 
from  non-union  fields  would  fall  short  3,600,000  tons  per  week 
of  meeting  the  demand. 
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The  County  Gas  Co.,  of  Atlantic  Hig-h- 
lands,  N.  J.,  has  determined  upon  com- 
prehensive improvements  to  its  plant  and 
to  that  end  has  awarded  the  contract  for 
the  entire  work  to  The  U.  G.  I.  Con- 
tracting Co.,  of  Philadelphia.  In  general, 
the  im,provements  will  include  remodel- 
ing of  all  of  their  water  ^gas  apparatus, 
including  the  installation  of  new  gener- 
ators and  air  and  steam  controls.  There 
will  also  be  installed  a  new  turbine 
blower  rplant  with  blast  main  system. 
.^00-H.P.  water  tube  boiler,  take-of?  main, 
exhauster  and  connection,  together  with 
a  building  for  same,  Venturi  meter,  50,000 
gallon  capacity  oil  storage  tatik  and  steel 
purifier  21  ft.  diameter  by  16  ft.  4  in.  high. 
Necessary  pipe  connections  are  included 
for  the  various  atp.paratus. 

Mr.  Noel  Cunningham,  formerly  con- 
nected with  the  Coal  Washing  Equip- 
ment 'Co.  has  mow  become  associated  with 
the  Hardinge  Company,  Incorporated, 
120  Broadway,  New  York,  N.  Y.  This 
change  is  due  to  the  acquirement  by  the 
Hardinge  Comipany  of  all  manufacturing 
and  sales  rights  of  the  James  Coal  Wash- 
ing Equipment,  formerly  handled  by  the 
Coal  Washing  Equipment  Co. 

The  condenser  and  purifier  systems  at 
the  South  Bend  Works  of  the  Northern 
Indiana  Gas  &  Electric  Co.  are  to  be  en- 
larged and  remodeled.  The  contract  for 
this  work  has  been  awarded  to  The  U. 
G.  I.  Contracting  Co.,  of  Philadelphia. 
This  Company  'has  also  received  the  con- 
tracts for  installing  scrubber  condensers 
at  the  Frankfort,  Ind.  and  Peru,  Ind. 
plants  of  the  same  Company. 

Freyn,  Brassert  &  Company,  Chicago, 
have  been  retained  by  the  Trumbull- 
Clifls  Furnace  Company  in  connection 
with  extensions  to  electrical  power  out- 
put at  the  Warren  Blast  Furnace  Plant; 
by  the  Kaikn  Mining  Administration, 
China,  as  consultants  in  concentration 
and  mill  tests  on  their  low  grade  mag- 
netic ores. 

The  Orton  &  Steinbrenner  Co.  of  Chi- 
cago and  Huntington,  manufacturers  of 
locomotive  cranes,  clam  shell  and  orange 
peel  buckets  and  coal  crushers  have  made 
arrangements  with  J.  Ross  Bates,  for- 
merly connected  with  Wonham,  Bates  & 
Goode  Trading  Corp.,  of  N.  Y.  and  Bos- 
ton to  represent  them  in  the  New  Eng- 
land States  and  New  York  City.  Mr. 
Bates  has  offices  at  136  Liberty  St.,  New 
York  City  and  128  School  St.,  Water- 
town,  Mass. 

The  Diamond  Soot  Blower  business  has 
been  purchased  by  new  interests  in  the 
form  of  the  Diamond  Power  Specialty 
Corporation  of  Detroit,  Mich.,  a  new 
company  which  has  taken  over  the  busi- 


ness and  plant  of  the  Diamond  Power 
Specialty  Co.,  co-partnership,  the  mem- 
bers of  which  are  retiring  from  the  soot 
blower  business  in  the  Western  Hemis- 
phere. Mr.  Norman  L.  Snow,  President 
and  Treasurer  of  the  new  company,  re- 
signs his  position  as  Vice  President  and 
active  head  of  the  Terry  Steam  Turbine 
Co.  of  Hartford,  Conn-.,  with  whom  he 
has  been  connected  for  the  past  thirteen 
years.  Mr.  Snow  is  a  graduate  of  Yale 
Scientific  School  and  Massachusetts  In- 
stitute of  Technology,  and  has  been  in 
the  power  plant  field  for  the  past  eighteen 
years. 

The  Gas  Combustion  Company  of 
Pittsburgh,  Pa.,  have  recently  filled  its 
fifth  repeat  order  for  Rradshaw  burners 
at  Jones  &  Laughlin  Steel  Company, 
.Aliquippa  Works  at  Woodlawn,  Pa.  This 
plant  is  now  completely  equipped  with 
Bradshaw  Patented  Blast  Furnace  Gas 
Burners.  The  Gas  Combustion  Company 
also  recently  equipped  three  (3)  250  H.P. 
Cahall  boilers  at  New  Castle  Steel  Works 
and  Furnaces,  New  Castle,  Pa.,  with 
Bradshaw  Patented  Blast  Furnace  Gas 
Burners. 

Whiting  Corporation  established  their 
own  branch  sales  office  in  New  York 
City  at  136  Liberty  St.  (Phone  Rector 
9825),  having  discontinued  their  agency 
agreement  with  Wonham,  Bates  &  Goode 
Trading  Corp.,  N.  Y.,  who  formerly  rep- 
resented us  in  the  East.  Mr.  J.  Ross 
Bates,  now  a  Vice  President  of  Whiting 
Corp.,  is  in  charge  of  the  new  office. 
He  will  be  assisted  in  the  New  York 
territory  by  Mr.  D.  Polderman,  Jr.,  and 
in  the  New  England  States  fcy  R.  C. 
Maley,  wiho  will  open  an  office  at  Spring- 
field, Mass.  All  of  these  gentlemen  were 
formerly  associated  with  Wonham,  Bates 
&  Goode  Trading  Corp. 

The  Union  Steel  Casting  Company  of 
Pittsburgh  has  purchased  at  private  sale 
a  large  block  of  capital  stock  in  the  Pitts- 
burgh Rolls  Corporation  of  the  same 
city.  The  plants  are  fcoth  located  in  the 
Lawrenceville  District,  and  it  is  the  in- 
tention of  the  Union  Steel  Casting  Com- 
pany in  making  this  purchase  that  the 
two  companies  shall  work  in  close  har- 
mony, and  that  no  changes  whatever  be 
made  in  the  local  organization  or  man- 
agement of  the  Pittsburgh  Rolls  Corpo- 
ration, other  than  certain  directors  who 
will  be  retired  by  reason  of  the  purchase 
will  be  replaced  by  officers  of  the  T'nion 
Steel  Casting  Co. 

The  Pitsburgih  Rolls  Corporation 
(Phoenix  Roll  Works)  has  operated  in 
the  same  locality  for  over  50  years.  It 
was  first  under  the  name  of  Bowman. 
Boyd  and  Bagley,  theri  as  James  B. 
Young  &  Company,  and  later  as  Seaman 
Sleeth  and  Company,  who  operated  for  a 
great  many  years,  being  succeeded  in 
1917    by    the    Pittsburgh    Rolls    Corpora- 


tion. During  all  these  clianges  the  plant 
has  been  known  as  the  Phoenix  Roll 
Works;  and  Phoenix  Rolls  are  familiar- 
ly known  by  every  rolling  mill  in  the 
United  States,  and  generally  throughout 
the  world.  The  present  officers  are  D. 
L.  Eynon,  President;  Q.  S.  Snyder,  Vice 
President  and  Treasurer;  P.  M.  Fleming, 
Secretary.  The  Union  Steel  Casting 
Company  was  organized  in  1899,  and  has 
grown  from  a  very  small  beginning  to 
one  of  the  leading  steel  foundries  in  the 
country.  The  officers  are  C.  C.  Smith, 
Chairman;  J.  P.  Allen,  President;  J.  B. 
Henry,  Vice  President  and  General 
Superintendent;  S.  H.  Church,  Vice  Pres- 
ident; G.  W.  Eisenbeis,  Treasurer;  W.  C. 
Kichenlaub,  Secretary. 

■iiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiinmiimuiKHiiiniiiiiiiiwiiiii 

TRADE   PUBLICATIONS 

'iiiiiiiiiiiniiiiiniiiHiuniiuiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNiiiiiiiMiitimiiiiiiiiiiiiiiiiiiiiiiiiiiNiiin^^^^^ 

The  Damascus  Tool  Company  have 
issued  a  very  attractive  catalogue  de- 
scriptive of  "Damascus  Tools."  Com- 
plete information  of  the  company's  prod- 
ucts which  consist  of  rivet  sets,  punches 
and  dies  can  be  obtained  from  this  book- 
let. It  will  be  sent  upon  request  to 
the  company. 

The  Morgan  Engineering  Company  of 
Alliance,  Ohio,  have  issued  a  new  "Soak- 
ing Pit  Crane  Bulletin"  which  is  very 
interesting.  It  is  well  illustrated  with 
views  showing  a  number  of  Morgan 
installations  in  steel  plants. 

The  Surface  Combustion  Co.  of  New 
York  announce  that  they  now  have  ready 
for  distribution  "No.  3D  on  Surface  Com- 
bustion Low  Pressure  Air-Gas  Inspir- 
ators. These  inspirators  are  designed  so 
as  to  be  readily  aipplicable  to  any  make 
of  gas  furnace. 

The  H.  K.  Porter  Co.  of  Pittsburgh. 
Pa.,  have  issued  an  exceptionally  inter- 
esting catalogue  descriptive  of  "Porter 
Fireless  Steam  iLocomotives."  This  lo- 
comotive is  an  innovation  which  has 
proven  its  value.  It  is  a  steam  loco- 
motive without  boiler  and  firebox.  In 
place  of  a  boiler,  it  carries  a  tank  con- 
taininig  water  which  is  heated  by  steam 
from  a  suitable  stationary  boiler.  It  is 
ideal  where  trips  are  too  infrequent  and 
too  irregular  to  justify  the  expense  of  a 
steam  locomotive  of  usual  type. 

The  Ideal  Electric  and  Manufacturing 
Company  of  Mansfield  has  just  issued 
two  very  complete  bulletins,  one  describ- 
ing their  .Mternating  Current  Motors  and 
the  other  their  Direct  Current  Motors. 
Either  will  be  sent  upon  request. 

The  U.  P.  C.  Book  Company  an- 
nounce a  new  book  published  February 
1st,  1922.  "Best's  Burning  of  Liquid  Fuel." 
It  is  a  practical  treatise  on  the  perfect 
combination  of  oils  and  tars,  giving  an- 
alyses,   calorific    values    and    other    data. 
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Industrial  Possibilities  of  South  Will 
Revealed  at  Meeting  of  Engineers 

Spring  Meeting  of  the  American  Society  of  Mechanical  Engineers 
to  Be  Held  in  Atlanta  May  8-11 — Steel  Mills  and  Foundries  to 
Be  Inspected  in  Birmingham,  and  Muscle  Shoals  Will  Be  Visited. 


be 


THE  industrial  resources  and  possibilities  of  the 
South  are  not  generally  understood.  It  is  ex- 
ceptionally fortunate,  therefore,  that  the  1922  A. 
S.  M.  E.  Spring  Meeting  is  to  be  held  in  Atlanta,  with 
excursions  to  other  Southern  cities,  ofi'ering  an  excel- 
lent opportunity  for  the  members  of  the  Society  to 
study  at  first  hand  the  resources  and  meet  the  engineers 
and  manufacturers  of  this  section.  In  its  future  growth, 
the  South  will  need  the  engineer  and  especially  the 
mechanical  engineer,  the  servant  and  master  of  in- 
dustry. It  can  be  confidently  asserted,  therefore,  that 
as  the  industries  grow,  so  will  the  strength  and  activity 
of  the  South  increase. 

In  1920  the  South  manufactured  about  one-sixth  of 
the  products  of  the  United  States.  It  had  nearly  one- 
half  of  the  active  cotton  spindles  and  three-sevenths  of 
the  active  cotton  looms  of  the  country  and  it  used  five- 
eighths  of  the  cotton  fabricated.  About  one-ninth  of 
the  pig  iron  of  the  country  was  manufactured  in  the 
South.  One-third  of  the  corn,  over  one-fifth  of  the 
wheat  and  about  one-seventh  of  the  oats  were  produced 
in  the  southern  states.  One-fourth  of  the  coal  of  the 
country  and  about  one-tenth  of  the  iron  came  from 
south  of  the  Mason-Dixon  Line. 

These  figures  indicate  that  already  the  South  occu- 
pies an  important  industrial  position,  but  studying  re- 
cently published  statements  of  resources  we  find  that 
the  future  is  even  more  encouraging.  All  of  the  baux- 
ite, turpentine,  sulphur  and  phosphate  rock  of  the 
country  is  located  in  the  South.  They  also  have  60  per 
cent  of  the  country's  natural  gas,  57  per  cent  of  the 
petroleum.  50  per  cent  of  the  lumber.  45  per  cent  of 
the  lead,  26  per  cent  of  the  coal  and  10  per  cent  of  the 
country's  iron  ore. 

In  view  of  the  above  facts  we  feel  that  the  A.  S. 
M.  E.  made  a  very  wise  selection  in  choosing  Atlanta 
as  its  meeting  place,  and  from  the  technical  program 
outlined  the  meeting  should  be  a  very  valuable  one 
to  attend.  Seven  of  the  sessions  have  been  planned 
by  the  Professional  Divisions  of  the  Society  and  the 
strength  of  these  new  organizations  is  well  shown  in 
the  fine  programs  that  have  been  prepared.  The  morn- 
ings will  be  given  over  to  the  technical  sessions,  which 
will  start  at  9:30  a.  m. 


Many  interesting  inspection  trips  have  been  ar- 
ranged for  the  visitors.  While  in  Atlanta  the  plant 
of  the  Atlantic  Steel  Company,  which  is  described  in 
another  section  of  this  issue  will  be  inspected. 

The  visit  to  Birmingham  will  be  made  on  May  12, 
the  day  following  the  Atlanta  meeting,  and  the  party 
will  go  to  Birmingham  by  sleeper  from  Atlanta.  Head- 
quarters have  been  arranged  for  at  the  Hotel  Tutwiler, 
from  which  the  inspection  parties  will  leave  at  9:30. 
Visitors  may  select  between  a  visit  to  the  foundry  of 
the  American  Cast  Iron  Pipe  Co.  or  to  the  by-product 
coke  ovens  of  the  Sloss-Shefiield  Co.  Both  parties  will 
meet  at  the  Ensley  plant  of  the  Tennessee  Coal,  Iron 


In  view  of  the  fact  that  so  much  attention 
has  been  drawn  to  the  Southern  steel  plants 
by  the  holding  of  the  spring  meeting  of  the 
A.  S.  M.  E.  in  Atlanta,  we  considered  that  it 
would  be  apropos  to  install  a  description  of 
several  of  these  plants  in  this  issue.  Accord- 
ingly a  description  of  the  plant  of  the  Atlan- 
tic Steel  Company  of  Atlanta  will  be  found 
on  page  252  and  a  description  of  the  Alabama 
City  plant  of  the  Gulf  States  Steel  Company 
on  page  254.  It  is  indeed  interesting  to  note 
from  these  descriptions  that  the  plants  of  the 
south  are  equal  in  every  engineering  respect 
with  our  finest  northern  plants. 


and  Railroad  Co.,  where  the  blast  furnaces,  open-hearth 
furnaces,  blooming  mills,  rail  mills  and  power  house 
will  be  inspected.  Lunch  will  be  served  in  this  plant. 
Leaving  the  Ensley  plant,  the  guests  will  be  taken  to 
the  Fairfield  plant  of  the  T.  C.  I.  &  R.  R.  Co.,  where 
they  will  have  the  opportunity  to  inspect  an  entirely 
electrically  driven  plate  and  structural  mill.  This  plant 
is  also  used  for  the  manufacture  of  railroad  cars,  both 
of  steel  and  wood.  In  the  evening  there  will  be  a 
dinner  at  the  Hotel  Tutwiler. 

Special  accommodations  have  been  arranged  to  visit 
Muscle  Shoals  on  May  13th. 
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Fig.  1 — Panorama  view  of  Atlantic  Steel  Company,  Atlanta,  Ga. 


Description  of  the  Plant  of  the  Atlantic 
Steel  Company,  Atlanta,  Ga. 

One  of  the  Features  of  This  Plant  Is  the  Use  of  Powdered  Coal 
for  Firing  One  of  the  Open  Hearth  Furnaces  and  for  Heating  Pur- 
poses in  the  Soaking  Pits — All  Equipment  Used  of  Modern  Type. 


THE  Atlantic  Steel  Company  is  located  just  out- 
side the  city  limits  of  Atlanta,  Georgia,  with  local 
connections  to  all  railroads  leading  out  of  the 
city.  The  well  known  shipping  facilities  of  Atlanta  is 
a  distinct  asset  to  the  customer,  shipments  leave  the 
yards  within  a  few  hours  after  receipt  by  the  various 
railroads.  In  addition  to  the  facilities  of  the  city,  the 
plant  is  equipped  with  every  possible  means  of  expe- 
diting an  order.  The  warehouses  have  ample  trackage 
while  the  yard  has  been  laid  out  with  the  one  end  in 
view  of  prompt  shipment.  The  plant  transportation 
consists  of  locomotives,  steam  and  electric  cranes,  con- 
veyors, etc.  The  mills  are  located  so  that  the  raw  ma- 
terial moves  in  one  direction  from  start  to  finish,  and 
orders  for  special  material  as  well  as  standard  stock 
are  finished  for  shipment  in  the  shortest  possible  time. 
Especial  attention  is  given  to  packing  export  orders 
so  that  these  reach  the  dock  in  record  time.  The  prod- 
ucts of  the  company  commend  themselves  to  the  in- 
dustries of  the  Southeast,  especially  to  the  cotton,  tur- 
pentine and  general  agricultural  interests.  However, 
special  orders  within  the  capacity  of  the  mill  are  han- 
dled with  the  greatest  possible  dispatch.  In  general 
the  products  are,  rods  in  coils  for  rivets  and  for  draw- 
ing wire,  round  and  square  bars  in  bundles,  corrugated 
and  twisted  concrete  reinforcing  bars,  heavy  and  light 
wagon  tire,  horseshoe  stock,  cotton  ties  and  buckles, 
hoop  steel  for  all  purposes  in  coils  or  bundles.  Nail 
wire,  annealed  black  wire,  galvanized  wire,  hog  and 
cattle  barbed  wire,  light  and  heavy,  staples  for  barbed 
wire  and  poultry  netting,  field  fence  for  poultry  and 
live  stock,  common  nails,  flooring  nails,  roofing  nails, 
slating  nails,  lathing  nails,  shingle  nails,  dowel  pins, 
hoop  fasteners,  all  of  which  receive  the  same  scrupulous 
care  in  all  processes  of  manufacture. 


The  steel  made  by  the  Atlantic  Steel  Company  is 
melted  in  open  hearth  furnaces  from  pig  iron  and  scrap. 
The  proportion  of  the  raw  material  depends,  of  course 
upon  the  quality  of  steel  that  is  required.  The  three 
Morgan  furnaces  now  in  use  are  38  ft.  x  13  ft.  x  7  ft. 
and  have  a  maximum  capacity  of  60  tons  per  heat. 
Two  of  these  furnaces  are  fired  by  gas  from  six  Hughes 
gas  producers  8  ft.  6  in.  in  diameter.  The  furnaces  are 
of  stationary  reversing  type  with  gas  sewers  4  ft.  6  in. 
X  7  ft.  8  in.  size,  and  stacks  5  x  130  ft.  The  third  fur- 
nace is  fired  with  pulverized  coal.  The  coal  for  this 
fm-nace  is  dried  to  at  least  1  per  cent  moisture  content 
before  pulverizing  in  a  Fuller  mill.  The  fineness  is  96 
per  cent  through  a  100-mesh  screens  and  85  per  cent 
through  a  200-mesh  screen.  This  pulverized  coal,  with 
a  proper  air  mixture,  is  as  inflammable  as  gas,  and  fur- 
nishes a  better  flame  so  that  the  time  of  melting  in  this 
furnace  is  as  much  as  30  per  cent  less  than  the  time 
in  a  gas  fired  furnace.  However,  great  care  must  be 
exercised  in  the  selection  of  coal  used,  as  a  high  sulphur 
coal  will  tend  to  make  a  high  sulphur  steel,  but  by  proper 
care  steel  of  equal  quality  may  be  secured. 

The  intensive  heat  of  these  furnaces,  especially  the 
direct  coal  fired  furnace,  necessitates  an  extensive  sys- 
tem of  water  cooling  of  the  furnace  walls,  doors  and 
door  frames,  etc.  The  slag  line  on  both  the  front  and 
back  walls  is  heavily  piped  as  well  as  skewbacks  and 
bullseye  and  an  unusual  feature  is  the  piping  in  the  up- 
take of  the  coal  fired  furnace,  which  adds  extensively  to 
the  life  of  the  furnace.  The  scrap,  pig  iron,  limestone 
and  refractories  are  hauled  up  an  incline  railway  to  the 
furnace  floor  level  in  standard  W  S  M  charging  cars 
and  pans.  These  are  charged  into  the  furnaces  by  a 
W  S  M  5-ton  charging  car  which  is  an  electrically  oper- 
ated floor  track  machine.     During  the  charge  the  doors 
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are  raised  and  lowered  by  hydraulic  pressure. 

The  melted  steel  when  properly  mixed  is  poured  into 
a  ladle  of  sufiicient  size  to  take  the  entire  melt  and  from 
there  poured  into  ingot  molds  which  are  set  up  on  stools 
on  permanent  foundations.  After  they  have  sufficiently 
solidified  the  ingots  are  removed  from  the  molds,  usually 
by  lifting  the  mold  off  the  ingot,  but  in  case  the  ingot 
sticks  it  is  pushed  out  of  the  mold  by  an  inclined  hy- 


Fig.  2 — View  of  field  fence  machine. 

draulic  stripper  of  the  .\llen-Lang  type.  Each  open 
hearth  furnace  has  attached  a  Babcock  &  Wilcox  three- 
pass  double  bank  water  tube  waste  heat  boiler  of  500  hp., 
equipped  with  a  No.  6  Green  fan  running  at  950  rpm. 
The  reversing  is  made  every  20  minutes  by  means  of  a 
32-in.  Porter  valve,  and  a  42-in.  mushroom  air  valve. 

The  soaking  pits,  which  are  eight  in  number,  are 
fired  with  pulverized  coal  and  are  arranged  in  pairs  with 
two  pairs  connected  to  a  4x90  ft.  stack.  These  pits  are 
12  ft.  9  in.  by  5  ft.  by  9  in.  deep.     The  cover  doors  are 


Fig.  3 — View  oi  blooming  mill. 

carried  on  a  frame  supported  on  wheels  that  roll  on  a 
horizontal  track  and  when  closed  just  clear  the  top  of 
the  pit  walls.  Part  of  the  air  furnished  for  combustion 
enters  through  a  12  in.  pipe  at  1^  lbs.  of  water  pres- 
sure. The  coal  falls  into  this  current  of  air  and  is  car- 
ried into  the  combustion  chamber  by  it.  Additional  air 
to  complete  combustion  enters  through  openings  in  the 
wall  of  the  combustion  chamber.     Control  of  the  air, 


coal  and  cover  doors  is  all  from  the  pulpit  just  above  the 
charging  level  running  along  the  battery  of  pits.  Each 
pit  can  be  controlled  separately  from  all  the  others  and 
economy  of  operation  kept  uniform.  The  arch  over 
the  combustion  chamber  and  the  division  walls  are  water 
cooled.  Provision  has  been  made  for  future  utilization 
of  the  waste  heat  from  these  pits. 

The  ingots  are  brought  to  the  soaking  pits  on  a  roller 
table,  being  weighed  on  scales  in  this  table  before  charg- 
ing.    The  charging  and  drawing  is  done  by  the  same  stitTf 


Fig.  4 — View  of  continuous  billet  mill. 

legged  crane.  Two  rows  of  ingots  are  placed  on  end  in 
each  pit  so  that  the  heat  from  the  combustion  chamber 
passes  around  each  ingot.  The  heating  process  takes 
from  three  to  four  and  one-half  hours,  depending  on 
whether  hot  or  cold  ingots  are  charged. 

The  blooming  mill  is  25x60  ft.,  made  by  the  Mesta 
Machine  Company,  operated  by  a  2200  to  5000  hp.  dc. 
Westinghouse  reversing  motor.  Maximum  speed  80  rpm. 
The  ingots  are  reduced  from  12x14  to  4x4  in  19  passes. 
The  control  is  handled  by  three  men  in  a  cage  above  the 
roll  table.  Manipulator  is  operated  hydraulically  and 
the  screw-down  by  motor.  The  Morgan  continuous  bil- 
let mill  takes  the  4x4  bloom  and  rolls  it  to  a  13'2-in. 
billet  in  six  passes,  1^  in.  in  five  and  2  in.  in  four  passes. 
These  are  cut  into  30-ft.  length  billets  by  a  flying  shear 
and  cooled  on  an  18-step  cooling  bed  with  capacity  for 
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Fig.  5 — View  of  rod  mill  rolling  No.  5  rods. 

18,000  pounds.     From  the  scales  the  billets  are  taken  to 
the  various  finishing  mills. 

The  rod  mill  proper  is  a  Morgan  semi-continuous 
mill  finishing  a  No.  5  rod  in  14  passes  from  a  IV^  billet 
weighing  7  lbs.  to  the  foot.  The  continuous  mill  consists 
of  six  stands  which  delivers  a  7/16-in.  square.  The 
other  eight  passes  are  handled  by  four  men  and  two  re- 
peaters.    The  mill  consists  of  the  six-stand  continuous 
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mill  two  stands  of  10-in.  rolls,  two  stands  of  9-in.  rolls 
and  two  stands  of  8>^-in.  rolls  on  four  shafts,  driven  by 
a  Corliss  engine,  at  present  1800  hp.,  to  be  motorized  in 
near  future.  The  rod  mill  furnace  is  Morgan  construc- 
tion continuous  type,  built  to  take  a  30- ft.  billet.  This 
furnace  is  gas  fired,  has  three  arches,  the  air  for  com- 
bustion is  preheated  by  passing  under  sloping  furnace 
bed.  The  billets  enter  at  the  upper  end  of  incline  and 
the  pusher  moves  entire  bed  of  billets  down  as  each 
billet  enters.  The  billets  are  pushed  out  directly  into 
the  continuous  mill  by  a  steam  actuated  clamp,  belt 
driven  pusher.  The  reels  are  belted  from  the  engine 
while  the  conveyor  is  motor  driven  and  speeded  so  that 
it  takes  five  minutes  to  deliver  a  bundle  of  rods  from  the 
reels  to  the  truck.  The  cooling  bed  for  merchant  bar 
holds  250-ft.  pieces.  The  limits  of  the  mill  are  1^-in. 
round  plain  to  %  in.  on  the  cooling  bed  and  }<  in.  to 
No.  5  gauge  rods  in  reels. 

In  addition  to  the  above  hot  mill  there  are  two  hoop 
mills  electrically  driven  and  fired  by  coal  direct.  Capa- 
city from  3x7/32  in.  to  ^  in.  x  No.  20  gauge,  and  a 
railroad  spike  mill  with  two  automatic  machines  cutting 
1/2  in.  to  ys  in.  stock  and  a  hand  fed  machine  cutting 
5/16  in.  to  9/16  in.  stock.  The  wire  mills  consist  of  a 
50-block  wire  mill  with  cleaning  tanks  and  baking  ovens 
finishing  wire  from  >^  in.  to  No.  18  gauge.     Galvanizer 


capable  of  handling  No.  2  gauge  to  No.  18  gauge. 
Barbed  wire  mill  capable  of  making  No.  12  gauge  to  No. 
14  gauge  wire,  4  in.  to  6  in.  spacing,  two  and  four  point 


Fig.  6 — View  of  rotary  converter — blooming  mill. 

and  smooth  twisted  cable  up  to  No.  10  gauge.  Nail  mill 
making  all  standard  shapes  of  nails  and  spikes  from  9  in. 
X  5/16  in.  to  3/4  in.  x  No.  17  gauge.  Field  fence,  making 
field  and  poultry  fences  from  26  in.  to  60  in.  high. 


Description  of  the  Alabama  City  Works  of 
the  Gulf  States  Steel  Company 

This  Company  Owns  Plants  and  Properties  Which  Constitute  an 
Integrated  Steel  Operation  from  Raw  Materials  and  Fuel  to  Fin- 
ished   Product    Consisting    of   Wire,    Nails,    Fencing    and    Bars. 


THIS  plant  is  located  midway  between  Chatta- 
nooga, Tennessee  and  Birmingham,  Alabama,  at 
Alabama  City,  in  a  healthful,  agricultural  coun- 
try. The  climate  is  exceptionally  moderate,  making 
the  labor  conditions  attractive. 

The  plant  consists  of  the  following  units: 

By-Product  Coke  Plant  with   Benzol   recovery. 
Blast  Furnace. 
Open  Hearth. 
Blooming  Mill. 
Merchant  Bar  Mill. 
Rod  Mill. 

Commercial    Wire    Mill    with    various    depart- 
ments. 

The  plant  is  served  by  the  Southern  Railway,  the 
Louisville  &  Nashville  Railway  and  the  N.  C.  &  St. 
L.  Railway. 

The  ground  plan  follows : 

There  are  approximately  160  acres  under  fence 
with  80  acres  adjoining  held  in  reserve  for  future  needs. 
Just  outside  of  the  plant  inclosure  are  located  160 
houses  for  employes  together  with  large  and  complete 
Y.  M.  C.  A.  club  house,  commissary  store,  etc. 

A  description  of  the  various  units  follows : 


By-Product  Coke  Department: 

This  plant  consists  of  one  battery  of  i7,  12'4  ton, 
Koppers'  cross  regenerative  by-product  coke  ovens. 
Capacity  500  cu.  ft.  which  with  crushed  coal  averaging 
approximately  55  pounds  per  cu.  ft.  gives  an  average 
charge  of  13^/2  tons  per  oven.  The  oven  chambers 
are  37  ft.  long,  9  ft.  10  in.  high  and  have  an  average 
width  of  18^4  in. 

The  oven  machinery  consists  of  one  Wellman- 
Seaver-Morgan  combination  pusher  and  leveler  and 
door  lifting  machine.  A  standard  type  coal  charging 
larry  car  operated  by  one  D.  W.  Crocker-Wheeler  25 
hp  motor  with  hand  operated  standpipe  swabbing  ma- 
chine, conveys  the  coal  from  a  700-ton  bunker,  across 
a  standard  railroad  track  scale,  where  each  charge  is 
carefully  weighed.  A  20-ton  General  Electric  Com- 
pany mining  type  locomotive  with  two  quenching  cars 
receive  the  coke  from  the  ovens  and  take  to  quenchmg 
station.  After  being  quenched  the  coke  is  dumped 
on  to  a  Robins  inclined  wharf.  From  this  the  coke  is 
fed  by  a  rotary  feed  onto  a  42  in.  rubber,  canvas  con- 
veyor belt,  which  delivers  the  coke  to  a  36  in.  incline 
conveyor,  then  across  a  bar  "grizzly"  where  the  braize 
is  screened  out,  the  remaining  coke  being  loaded  into 
cars  for  the  blast  furnace. 

The  coal  is  received  from  the  company's  mines  in 
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dump  cars,  which  are  unloaded  at  a  track  hopper  from 
which  it  is  delivered  by  the  usual  shaker  pans  and  pan 
conveyor  to  a  30  in.  conveyor  and  thence  to  a  revolv- 
ing Pennsylvania  Crusher  Company  Bradford  breaker 
or  cleaner  where  refuse  coal  is  separated.  The  cleaned 
coal  passes  into  two  so  called  "mixing  bins,"  capacity 
200  tons  each,  and  from  there  to  mixing  conveyors  and 
into  the  Pennsylvania  Crusher  Company's  hammer 
mill  where  a  coal  fineness  of  approximately  80  per  cent 
through  yg  in.  mesh  screen  is  maintained.  The  crushed 
coal  is  delivered  to  a  24  in.  conveyor  and  finally  to  the 
700-ton  bunker  over  the  ovens. 


There  is  an  agitator  of  4,500  gallons  (lead  lined) 
driven  by  vertical  steam  engine. 

The  usual  storage  tanks  for  finished  or  salable 
products  are  installed  over  a  concrete  pit.  A  benzol 
loading  station  with  overhead  tanks  for  various  prod- 
ucts and  steam  driven  loading  pumps  take  care  of  the 
loading  of  salable  products  into  tank  cars  or  drums. 

The  usual  Koppers  acid  regenerating  plant  for  re- 
generating the  sulphuric  acid  used  in  the  agitator. 

Normal  coking  time  is   17  hours,  gross. 

The  coal  used  is  that  from  the  company's  Virginia 
City  mines  and  a  representative  analysis  is,  as  follows : 


Fig.  I — View  of  by-product  coke  plant. 


All  coke  and  coal  handling  machinery,  conveyors, 
etc.,  are  of  the  Robins  Company  type. 

Two  Connersville  positive  type  gas  exhausters 
driven  by  Ball  vertical  non-condensing  steam  engines 
(one  unit  being  in  reserve)  handles  the  gas  from  the 
ovens  to  the  primary  coolers  and  thence  into  the  By- 
product building  where  the  gas  is  freed  from  the  tar 
by  p.  &  A.  extractors  and  then  through  reheaters, 
thence  through  saturators  (lead  lined)  for  ammonium 
sulphate.  A  5-ton  Morgan  electric  crane  handles  the 
sulphate  stock  either  from  pit  or  into  box  cars  for  ship- 
ment. 

The  wash  oil  is  handled  by  the  usual  circulation 
pumps,  tanks,  superheaters,  etc.  The  continuous  still 
consists  of  16  trays,  6  ft.  in  diameter;  total  height  of 
still  being  22  ft.  The  wash  oil  coolers  are  of  the  gray 
or  open  type,  there  being  8  banks,  30  pipes  high  and 
20  ft.  long. 

Thete  is  one  crude  still  10  ft.  in  diameter,  16  ft. 
long  which  has  a  working  capacity  of  8.000  gallons. 
The  column  consists  of  the  usual  cast  iron  trays  and 
dephlegmotor. 

There  is  one  pure  benzol  still,  10  ft.  in  diameter,  16 
ft.  long  and  working  capacity  of  8,000  gallons. 


Moisture 2.21 

Volatile  Matter    24.60 

Fixed  Carbon   68.53 

Ash   6.32 

Sulphur    1.02 

The  coke  produced  from  this  is  very  high  grade, 
being  very  firm,  dense  and  of  uniform  structure  and 
the  tendency  to  cross  fracture  is  very  small.  A  typical 
coke  analysis  is,  as  follows : 

Moisture    2.47 

Volatile  Matter 90 

Fixed  Carbon   90.02 

Ash    9.31 

Sulphur    92 

Shatter  Test — 76  per  cent  above  2  in. — 24  in.  drop. 

Surplus  gas  from  this  department  is  passed  through 
mains  to  either  the  open  hearth  furnaces  or  rod  mill 
reheating  furnaces  where  it  is  used  to  good  advantage. 

For  steam,  there  are  two  400-hp.  Casey-Hedges  water 
tube  boilers,  gas  fired  or  coal  fired. 

Blast  Furnace  Department. 

This  consists  of  one  furnace  stack,  height  90  ft.. 
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bosh  19  ft.  6  in.,  hearth  14  ft.  and  top  13  ft.  6  in., 
equipped  with  McKee  top  and  double  skip.  Bosh  con- 
struction is  of  the  water  cooled  type,  2  cinder  notches 
and  12  tuyeres. 

Cinder  is  handled  from  the  furnace  by  hot  pots  to 
cinder  dump  and  the  slag  is  disposed  of  through  a 
crushing  plant  for  road  work  and  railroads. 

The  hot  metal  is  handled  by  ladles  direct  to  the 
open  hearth  furnaces,  although  any  surplus  is  put  over 
a  Heyl  &  Patterson  single  strand  pig  machine. 

The  stock  house  has  a  capacity  of  10,000  tons  of 
raw  material.  The  coke  is  drawn  from  the  stock  house 
from  bins  directly  over  the  skip  and  run  over  screens 
to  eliminate  the  braize.  This  braize  is  blown  into  rail- 
road cars  by  means  of  steam. 

The  furnace  is  filled  by  two  larry  cars  equipped 
with  scales. 

There  are  four  two-pass  stoves  20  ft.  x  90  ft.  Four 
Southwark  \'ertical  Blowing  Engines,  steam  cylinders 
42  in.,  stroke  60  in.,  air  cylinders  84  in.  x  60  in. 


-       Fig.  2 — View  of  blooming  mill. 

For  steam  there  are  eleven  batteries  of  Stirling 
boilers,  375  hp  each,  gas  or  coal  fired,  equipped  with 
automatic  boiler  feed  together  with  boiler  feed  pumps, 
air  compressors,  etc. 

There  is  a  concrete  reservoir,  size  50  ft.  x  246  ft. 
X  12  ft.  equipped  with  three  pumps,  one  of  which  is 
automatic.  This  is  used  as  a  reserve  water  supply 
for  the  furnace  alone  in  case  of  trouble  with  main  water 
supply. 

Open  Hearth  Department. 

The  basic  Open  Hearth  Department  consists  of  six 
75-ton  (built  for  50  tons)  stationary  furnaces  designed 
and  built  by  the  Garrett-Cromwell  Engineering  Com- 
pany, the  hearths  being  14  ft.  x  30  ft.  Each  furnace 
is  equipped  with  Blair  water  cooled  ports  and  bulk 
heads,  water  cooled  doors,  door  frames  and  roof  chan- 
nels. 

The  fuel  used  is  producer  gas  from  four  Forter- 
Miller  hand  fired  gas  producers  per  furnace,  there  be- 
ing 26  of  these.  The  resulting  gas  averages  135  Btu 
per  cu.  ft.  Two  of  the  furnaces  have  Forter  gas  valves, 
the  other  four  have  valves  of  the  mushroom  type,  de- 
signed and  built  by  the  company,  which  have  given 
most  satisfactory  service.  All  valves  are  operated  by 
hydraulic  pressure. 


The  furnace  stacks  are  150  ft.  high  and  5  ft.  inside 
diameter.  The  checker  chambers  are  21  ft.  x  7  ft.  x 
16  ft.  for  gas  and  21  ft.  x  11  ft.  x  16  ft.  for  air.  No 
attempt  is  made  to  utilize  waste  heat  under  boilers. 

Each  furnace  averages  15  heats  per  week  of  soft 
steel  under  .15  carbon.  The  charge  consists  of  steel 
scrap  and  pig  iron  or  hot  metal  in  varying  amounts 
from  30  to  70  per  cent  scrap  according  to  market  con- 
ditions. When  using  hot  metal  it  is  direct  from  the 
blast  furnace  for  there  is  no  mixer. 

The  stock  loading  yard  has  three  10-ton  cranes  ;  two 
Morgans  and  one  Alliance. 

In  the  pit  are  two  ladle  cranes,  one  75-ton  Morgan 
and  one  lOO-ton  Alliance  and  one  30-ton  Morgan  for 
handling  slag  pots.  The  pit  equipment  consists  of  7 
ladles  of  approximately  80  tons  capacity  and  two 
Treadwell  hot  pots  for  slag. 

Each  of  the  two  pouring  platforms  will  accommo- 
date 33  moulds.  The  size  of  the  ingots  are  I83/2  in.  x 
2O1/2  in.  and  average  5,500  pounds  in  weight.  All  in- 
gots are  capped  immediately  after  pouring. 

There  are  two  charging  machines ;  one  Wellman- 
Seaver-Morgan  of  Zyi  tons  capacity  and  one  Alliance 
Machine  Company  of  3}^  tons  capacit)-.  There  is  one 
40-ton  Morgan  Engineering  Company  overhead  elec- 
tric crane  on  the  floor  for  handling  hot  metal  ladles 
(iron  from  blast  furnace  direct). 

The  material  used  for  furnace  bottoms  is  a  cal- 
cined dolomite  prepared  at  the  plant,  which  has  given 
excellent  results.  The  rotary  kiln  in  which  this  ma- 
terial is  prepared  is  120  ft.  long  and  with  diameter  of 
52  in.,  half  of  the  length  and  68  in.  the  other  half. 
By-product  gas  is  used  as  fuel.  The  kiln  was  manu- 
factured by  the  Vulcan  Iron  Works. 

The  scrap  used  is  railroad  and  agricultural  bought 
in  the  local  markets,  generally  in  charging  box  size. 
In  connection  with  this  department  there  is  maintained 
a  scrap  yard  which  prepares  the  scrap  or  rails  for  the 
furnaces. 

There  is  a  skull  cracker  structure  for  breaking  pit 
steel  and  skulling  the  ladles  approximately  60  ft.  x 
80  ft.  In  this  skull  cracker  is  one  15-ton  Morgan  elec- 
tric overhead  traveling  crane  equipped  with  E.  C.  & 
M.  Company's  magnet  for  handling  drop  ball,  weighing 
12,000  lbs.  and  a  bucket  for  handling  accumulated  slag. 

Blooming  Mill  Department. 

The  equipment  consists  of  one  36  in.  United  Engi- 
neering &  Foundry  Company's  two  high  mill.  Rolls 
36  in.  in  diameter  :  10  ft.  8  in.  long.  Main  spindle  9  ft. — 
vibration  spindle  10  ft.  11  in.  Pinion  36  in.  x  8  ft.  9  in. 
staggard  tooth.  Operators  are  in  pulpit  in  front  of 
rolls.  There  are  three  operators  and  seven  controllers. 
The  screw  down  is  hydraulically  operated. 

The  roll  table  consists  of  a  number  of  rolls  51 5^  in. 
X  12  in.  diameter.  The  tpble  is  steam  driven  b}'  Otis 
Elevator  Company's  double  reversible  engine,  direct 
connected. 

The  5  500  lb.  ingot  is  reduced  in  nineteen  passes  to 
a  4  X  4  billet.  66  in..  260  pounds  in  weight  for  use  in 
rod  mill. 

There  are  sixteen  soaking  pits,  6  ingot  capacity, 
size  of  pits  8  ft.  x  S^A  ft.  x  Syi  ft.  deep.  The  ingots 
are  taken  from  the  open  hearth  to  stripper  on  mould 
cars  pulled  bv  dinkev  enjrine.  These  cars  are  st'"ipped 
in  the  blooming  mill  building  by  an  electric  stripper 
of  150  tons  stripping  capacity  and  20  tons  lifting  ca- 
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pacity  manufactured  by  the  Alliance  Machine  Com- 
pany. There  is  only  one  stripper  used.  In  this  same 
building  there  are  two  Morgan  charging  cranes,  each 
73^  tons  capacity.  The  span  for  these  three  cranes  is 
62  ft.  and  length  of  runway  225  ft. 

The  ingots  are  heated  with  producer  gas  from  eight 
Forter-Miller  gas  producers,  which  have  reversing 
valves  of  the  mushroom  type.  Producers  are  dry  tops, 
48  in.  in  diameter.  The  gases  are  taken  oflf  by  four 
stacks  80  ft.  high  and  48  in.  in  diameter.  No  waste 
heat  is  utilized. 

There  is  one  mill  table  driven  by  a  38B,  50  hp,  220 
volt  D.  C.  Westinghouse  motor  controlled  from  rol- 
lers' pulpit  by  magnetic  controller  of  E.  C.  &  M.  make. 
The  balance  of  the  roll  tables  are  driven  by  three  25 
hp  12A,  220  volt  D.  C.  Westinghouse  motors  con- 
trolled from  the  shears.  The  drop  table  at  the  shears 
is  controlled  from  this  point  and  is  driven  by  a  51D, 
50  hp.  230  volt  Westinghouse  motor.  There  is  one 
electric  crane  in  the  blooming  mill  building,  a  30-ton 
Morgan,  span  52  ft.  and  runway  260  ft.  for  handling 
rolls,  etc.  There  is  a  covered  crane  runway  240  ft. 
long,  60  ft.  span,  on  which  is  operated  two  electric 
overhead  traveling  cranes  of  15  tons  capacity  (one 
Morgan  and  one  Alliance)  which  are  used  for  handling 
billets  from  this  mill  for  sales  purposes. 

The  mill  is  driven  by  one  48  in.  x  60  in.  Todd  Twin 
reversing  engine. 

The  shears  are  driven  by  a  simple,  vertical  engine 
made  by  the  United  Engineering  &  Foundry  Company. 

^Vhile  there  are  eight  375  hp  Stirling  water  tube 
boilers,  coal  fired,  they  are  not  used  :  steam  being  fur- 
nished from  the  nearby  rod  mill  boilers. 

A  typical  12-hour  turn  produces  600  gross  tons. 

Rod  Mill  Department. 

The  4x4  billets  from  the  blooming  mill  are  con- 
veyed by  roll  tables  direct  to  the  hvdraulic  pushers  at 
the  rod  mill  department.  These  billets  are  pushed  into 
four  reheating  furnaces  built  by  the  Alex  Laughlin 
Company,  gravity  discharge,  8  ft.  3  in.  x  42  ft.  long 
(inside  dimensions).  Two  of  these  furnaces  are  fired 
bv  producer  gas  and  the  other  two  by  by-product  gas. 
The  producer  gas  is  regulated  by  cast  steel  valves  and 
conveyed  to  the  furnaces  by  underground  flues.  In 
these  furnaces  the  billets  rest  on  water  cooled  pipes. 
Thev  are  discharged  on  mill  feed  tables  and  conveyed 
to  the  continuous  mill,  of  which  there  are  seven  stands 
16  in. 

The  rod  mill  is  of  the  Garrett  type  built  bv  the 
Garrett-Cromwell  Engineering  Company.  In  addition 
to  the  continuous  mill  there  are  three  stands  12  in.  and 
eight  stands  10  in. 

The  16  in.  mill  is  gear  driven  by  one  direct  con- 
nected Allis  tandem-compound  34  in.  x  54  in.  x  60  in. 
(No.  1  engine).  The  balance  of  the  mill  up  to  the 
finishing  rolls  is  driven  bv  AlHs-Chnlmers  cross-com- 
pound, 48  in.  X  84  in.  x  60  in.  (No.  2  engine)  and  the 
finishino-  rolls  are  driven  bv  a  Porter-Allen  cross  com- 
pound 28'/^  in.  X  46  in.  x  42  in.  (No.  3  engine)  located 
close  to  the  finishing  rolls.  Nos.  1  and  2  engines  being 
located  in  the  power  house  on  the  onposite  side  of  the 
mill.  The  shafts  for  the  various  rolls,  other  than  the 
continuous  mill,  are  rope  driven. 

There  are  seven  reels,  furnished  by  the  Garrett- 
Cromwell  F.no-ineering  Companv,  belt  driven,  con-, 
trolled  bv  friction  clutch  and  mTnimdntcd  bv  hydraulic 
power.    The  260  lb.  billet  being  rolled  into  No.  5  rods 


and  coiled  by  these  reels  into  a  coil  of  approximately 
25  in.  inside  diameter  and  40  in.  outside  diameter. 
These  coils  drop  on  an  apron  link  conveyor  furnished 
by  Garrett-Cromwell  and  are  conveyed  to  rod  buggies 
thence  by  tram  track  to  the  wire  mill  or  rod  yard. 

Other  equipment  consists  of  one  15-ton  Morgan 
electric  overhead  traveling  crane  close  to  the  rod  mill 
reheating  furnaces,  span  100  ft.,  runway  170  ft.  This 
crane  is  used  for  picking  the  billets  off  the  billet  yard 
for  the  roll  tables  at  such  times  as  the  blooming  mill 
is  not  running. 

Across  the  rod  mill  there  is  one  5-ton  Morgan  elec- 
tric overhead  traveling  crane,  span  91  ft.,  runway  336 
ft,  used  for  handling  scrap  from  the  rolls  or  changing 
rolls. 

Serving  this  mill  there  are  eight  gas  producers  of 
the  Dufi'  type  with  dry  tops. 

The  average  production  per  turn  is  300  tons. 

Wire  Mill  Department. 

The  rods  are  delivered  from  the  rod  mill,  a  distance 
of  approximately  300  ft.,  by  buggies  and  tram  track. 
Six  bundles  being  loaded  to  each  truck  for  the  cleaning 
house.  The  necessary  stem  is  inserted  and  rods  han- 
dled by  steam  crane  through  cleaning  house  and  onto 
ruster. 

There  are  two  bakers;  one  10-track,  brick  flue,  and 
one  7-track,  steel  pipe  flue,  of  the  Humphrey  design. 
Coal  fired. 

The  stocking  from  the  bakers  to  the  wire  drawers 
is  done  by  three  Elwell-Parker  tractors.  These  trac- 
tors also  handle  the  weigh-up  of  the  finished  material. 

Wire  Department. 

The  Drawing  Room  is  a  steel  frame,  brick  wall, 
composition  roof,  building  (size  240  ft.  x  360  ft.)  con- 
taining six  Humphrey  wire  drawing  frames  of  40 
blocks  each ;  four  of  which  are  driven  direct  bv 
Crocker-Wheeler  230  volt  D.  C.  motors  of  300  hp  each 
and  the  remaining  two  are  driven  bv  two  230  volt,  3 
phase,  induction  motors.  General  Electric  Company, 
of  400  hp  each,  with  reduction  gears. 

Adjoining  this  is  a  fine  wire  drawing  room  (size 
60  ft.  x  100  ft.)  containing  two  frames  of  20  blocks 
each.  On  these  blocks  is  produced  wire  from  No.  15 
to  No.  20  gauge. 

The  bundles  of  rods  weigh  approximately  250  lbs. 
each.  Chilled  iron  dies  are  used.  The  production  of 
this  department  is  approximately  30  per  cent  [or  nads 
and  the  balance  sold  as  bright  wire  or  is  finished  mto 
other  wire  products. 

Nail  Department. 

The  finished  wire  is  delivered  to  the  Nail  Depart- 
ment by  Elwell-Parker  tractors.  In  this  department 
there  are  153  Tiffin  nail  machines.  These  are  oper- 
ated from  line  shafts  by  four  direct  current  motors. 
There  being  two  rows  of  machines,  the  finished  nails 
from  both  rows  being  delivered  in  the  center  and 
hand'ed  in  ball  bearing  buggies  to  the  rumblers.  There 
are  12  of  these  of  15  keg  capacity,  each. 

The  necessary  wooden  kegs  used  in  this  department 
are  furnished  by  a  contractor  who  has  a  cooper  shop 
inside  of  the  plant  inclosure. 

From  here  the  nai's  are  delivered  to  two  nail  ware- 
houses, size  60  ft.  X  300  ft.,  each. 

The  size  of  the  nail  mill  buildings  are  60  ft.  x  320  ft. 
and  60  ft.  x  220  ft. 
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Galvanizing   Department. 

This  department  takes  up  approximately  50  per 
cent  of  the  output  of  the  drawing  department.  The 
wire  is  annealed  through  lead  pans.  The  equipment 
consists  of  three,  36  wire,  take-up  frames  made  by 
Humphrey  &  Sons,  Joilet,  111.  These  frames  are  of 
the  worm  drive  type,  gears  enclosed  and  running  in 
oil.  This  equipment  is  operated  by  three  Crocker- 
Wheeler  variable  speed  motors,  50  hp,  speed  300  to  900 
rpm.  There  is  a  speed  reduction  here  down  to  block 
of  15  to  45  rpm.  The  output  of  this  department  is  di- 
vided between  the  Barb  Wire  Department  and  Woven 
Wire  Fence  Department  or  sold  as  galvanized  smooth 
wire.     Size  of  building  120  ft.  x  300  ft. 

Field   Fence  Department. 

The  equipment  in  this  department  consists  of  13 
square  mesh  fence  machines  of  the  Denning  type  mak- 
ing practically  all  styles,  and  gauges  of  square  mesh 
woven  wire  fencing.     Size  of  building  60  ft.  x  200  ft. 

Barb  Wire  Department. 

The  Barb  Department  consists  of  70  machines, 
which  produce  various  styles  and  patterns  of  barb  wire 
fencing. 

The  necessary  barb  wire  spools  are  sawed  from 
lum'ber  nailed  together  in  this  department.  Size  of 
building  60  ft.  x  240  ft. 

Throughout  these  buildings  there  is  a  complete  line 
of  wire  goods  manufactured  including  cement  coated 
nails,  blued  nails,  staples,  bale  ties,  straightened  and 
cut  wire,  etc. 

In  addition  to  the  nail  warehouses  alreadv  men- 
tioned, there  is  a  fence  warehouse,  60  ft.  x  480  ft.,  and 
a  warehouse  for  barb  wire,  60  ft.  x  380  ft. 

All  buildings  are  of  substantial  character  and  floored 
with  wood  blocks.  There  being  approximately  289,200 
sq.  ft.  of  floor  space  in  the  various  wire  departments. 

The  entire  roof  of  the  wire  mill  is  divided  into 
alternating  high  and  low  sections,  each  20  feet  wide 
and  extending  across  the  full  width  of  the  buildings. 

Power. 

The  power  equipment  consists  of  8  hand  fired,  coal 
burning,  375  hp  Stirling  water  tube  boilers ;  6  stoker 
fired,  coal  burning,  375  hp  Stirling  water  tube  boilers; 
8  stoker  fired,  coal  burning,  500  hp  Stirling  water  tube 
boilers.  The  stokers  are  of  the  type  "E"  made  by  the 
Combustion  Engineering  I'ompany.  Forced  draft  is 
maintained  by  two  simple  horizontal  engines  (Troy 
Engine  Company)  driving  two  Sirocco  fans  (American 
Blower  Company").  These  boilers  furnish  power  for 
the  blooming  mill,  rod  mill  and  power  plant. 

The  rod  mill  is  driven  by  three  steam  engines,  as 
follows  (previously  mentioned)  : 

No.  1 — Allis  Tandem  Compound  34  in.  x  54  in.  x 
60  m. 

No.  2 — Allis-Chalmers   Cross    Ciimpound   48   in.   x 
84  in.  x  60  in. 

No.  3 — Porter-Allen    Cross   Compound   ISjA    in.   x 
46  in.  X  42  in. 

The  exhaust  from  these  three  engines  operate  two 
low  pressure  turbo-generators  made  by  the  Westing- 
house  Electric  &  Manufacturing  Companv.  These  are 
2,000  kw,  2.300  volt.  3  phase,  3,600  rpm.'  These  gen- 
erators furnish  all  of  the  necessary  power  for  the  en- 
tire plant. 


However,  there  is  as  a  reserve,  as  follows: 
In  No.  2  Power  House. 

1—1,200  kw,  250  volt  D.  C,  84  rpm,  Crocker-Wheeler 
Generators  driven  by  one  Allis-Chalmers  cross  com- 
pound 30  in.  X  60  in.  x  60  in.  engine. 

2—250  kw,  250  volt  D.  C,  200  rpm,  Crocker-Wheeler 
engine  sets  driven  by  two  Buckeye  cross-compound 
engines  14  in.  x  28  in.  x  21  in. 
Over   this   equipment   there    is   an    electric    overhead 

traveling  10-ton  Morgan  crane,  the  span  of  which  is  69 

ft.  and  runway  357  ft. 

In  No.  1  Power  House. 

2—450  kw,  250  volt  D.  C,  135  rpm,  Crocker-Wheeler 
engine  sets  driven  by  two  Buckeye  cross-compound 
engines  21  in.  x  36  in.  x  30  in. 

2—150  kw,  250  volt  D.  C,  150  rpm,  Westinghouse  en- 
gine sets  driven  by  Porter-Allen  simple  horizontal 
engines. 

Bar  Mill  Department. 

Located  outside  of  the  plant  inclosure  and  within 
one-half  mile  of  the  plant  is  a  merchant  bar  mill  which 
includes  a  20  in.  mill  and  a  13  in.  mill. 

All  sizes  of  merchant  bars  from  4  in.  rounds  to  J/z 
in.,  6  in.  flats  to  3^  in.  in  width  and  4  in.  squares  to 
7/16  in.  are  made  on  these  mills,  rolled  from  new 
billets. 

General. 

The  water  supply  is  from  Will's  Creek  located  ap- 
proximately one-half  mile  from  the  plant,  an  all  year 
stream  of  water,  which  is  sufficient  for  the  plant  water 
supply  and  turbine  cooling  water. 

All  switching  and  tracks  inside  of  the  plant  in- 
closure are  owned  and  maintained  by  the  company  and 
there  are  six  standard  switch  engines  and  three  dinkeys 
for  the  necessary  switching  service. 

For  handling  the  necessary  raw  materials  to  and 
from  stock  piles  there  are  five  locomotive  cranes  of 
the  following  make : 

1 — 25-ton  Browning. 

1 — 20-ton  Industrial. 

1 — 10-ton  Industrial. 

1 —  6-ton  Osgood. 

2 — 10-ton  Brown  Machinery  Company. 


READY  TO  CONSTRUCT  TUBE  WORKS 
AT  GARY 

Construction  is  to  be  started  at  once  on  the  proposed 
plant  of  the  National  Tube  Company  at  Gary,  Ind.,  ac- 
cording to  Chairman  E.  H.  Gary  of  the  Uhiited  States 
Steel  Corporation.  The  plant,  which  will  manufacture 
lap  and  butt  weld  tubes,  will  cost  $15,000,000,  according 
to  estimates,  and  will  have  an  annual  capacity  of  350,000 
tons.  This  will  add  20  to  25  per  cent  to  the  capacity  of 
the  Steel  corporation's  plant  tube  mills. 

Announcement  of  the  corporation's  intention  of  build- 
ing the  works  was  made  originally  several  years  ago.  The 
plant  is  to  be  financed  by  the  use  of  $5,000,000  from  the 
corporation's  cash  reserve  and  $10,000,000  in  bonds.  $7,- 
000,000  of  which  are  a  7  per  cent  issue  of  the  Indiana 
Steel  Company  and  $3,000,000  a  5  per  cent  issue  of  the 
National  Tube  Company.  The  bonds  were  underwritten 
by  J.  P.  Morgan  &  Con\pany  and  already  have  been  sub- 
scribed. 
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Steel  For  Forge   Welding 

By  FRANK  N.  SPELLER 

In  this  paper  the  principal  factors — method  of  manufacture,  chemical  com- 
position, fluxing  quality,  susceptibility  to  heat  and  welding  temperature — affect- 
ing the  welding  quality  of  steel  are  discussed  and  the  average  results  of  80  tests 
.  made  on  forge  xvclds  of  hammer-ivelded  pipe  are  compared  zvith  the  original  mate- 
rial. In  addition  it  is  stated  that  tests  have  demonstrated  that  both  steel  not  over 
0.15  per  cent  carbon  and  mininiiini  tensile  strength  of  47,000  lbs.  per  sq.  in.  and 
that  not  over  0.20  per  cent  carbon  and  -minimum  tensile  strength  of  52,000  !bs.  per 
sq^  in.,  are  satisfactory  for  forge  zvelding  of  pipe  lines,  penstocks,  tank-car  work 
and  similar  construction.  In  conclusion  the  ivriter  believes  that  the  most  impor- 
tant consideration  to  produce  uniformly  good  results  in  the  forge  zvelding  of  steel, 
is  suitable  material.  wcU-traincd  operators  and  adequate  facilities  for  the  control 
of  operations. 


THE  welding  quality  of  steel,  and  the  strength  and 
reliability  of  such  welds,  depend  on  a  number  of 
factors,  which  include  principally :  methods  of 
manufacture,  composition,  susceptibility  to  heat,  fluxing 
quality,  the  mechanical  appliances  for  handling  and  con- 
trolling the  work,  and  the  skill  of  the  operator.  There 
are  so  many  factors  present  affecting  the  results  that  it  is 
often  difficult  to  determine  which  of  these  predominates 
in  any  particular  case.  This  paper  discusses  particularly 
the  characteristics  of  steel  for  forge  welding,  with  brief 
reference  to  other  factors  which  enter  the  problem. 

Material  and  Workmanship. 

Method  of  Manufacture.  Wrought  iron  is  most  easily 
welded,  probably  on  account  of  the  presence  of  about  one 
and  one-half  per  cent  of  easily  fusible  cinder,  which 
enables  the  metal  to  be  welded  at  a  comparatively  low- 
temperature  and  protects  it  from  injurious  oxidation  at 
high  temperature.  For  this  reason  wrought  iron  can 
usually  be  welded  without  much  difficulty,  but  on  account 
of  the  presence  of  this  cinder  internal  defects  such  as 
laminations  and  blisters  are  more  likely  to  occur  after 
the  metal  has  been  brought  up  to  the  welding  heat.  What 
we  term  "soft  welding  steel"  may  be  made  by  the  Besse- 
mer or  open  hearth  process  and  should  be  made  especially 
for  this  purpose,  i.  e.,  it  should  have,  as  far  as  possible, 
sufificient  of  the  characteristics  of  wrought  iron  to  readily 
form  a  "welding  scale"  at  the  lowest  possible  tempera- 
ture. Very  highly  refined  open  hearth  steels,  "ingot 
iron"  or  electric  steel,  are,  as  a  rule,  lacking  in  this  respect 
and  so  far  have  not  shown  as  good  welding  quality  as 
soft  welding  steel  or  wrought  iron.  Possibly  these  may 
be  improved  in  this  respect,  but  while  these  metals  pos- 
sess many  advantages  for  other  purposes,  they  do  not  at 
present  appear  to  be  well  adapted  for  forge  welding. 

Composition.  It  is  well  known  that  comparatively 
small  quantities  of  nickel,  chromium  and  silicon  interfere 
seriously  with  welding.  Each  of  these  should  be  under 
0.05  per  cent.  Carbon  has  a  lesser  effect  and  should  pre- 
ferably be  low,  certainly  under  0.30  per  cent  for  any  kind 
of  forge  welding.  The  higher  the  carbon,  the  lower  the 
melting  and  burning  point  of  the  steel.  By  the  burning 
point  we   mean   the   temperature    at    which    the    grain 
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growth  has  increased  to  such  a  degree  as  to  cause  actual 
disintegration  and  intergranular  oxidation  of  the  metal. 
Sulphur  under  0.05  per  cent  is  not  hannful  and  under 
certain  conditions  more  may  be  present  without  injurious 
results.  Phosphorus  up  to  Bessemer  limits  is  beneficial 
to  welding. 

Sclf-Flu.ving  Quality.  On  heating  iron  or  steel  above 
1500  deg.  F.  an  oxide  scale  is  formed.  The  relation  be- 
tween the  fusibility  of  the  oxide  scale  to  the  temperature 
at  which  the  metal  "burns"  is  one  of  the  most  important 
factors  determining  suitability  of  the  metal  for  welding. 
This  scale  consists  usually  of  the  magnetic  oxide  of  iron 
(Fe304)  with  a  certain  percentage  of  "sonims"t  from 
the  iron  (MnO,  P2O5,  SiO„,  etc.)  which  tend  to  make  the 
scale  more  fusible.  The  method  of  inanufacture  and 
composition  of  steel  have  much  to  do  with  the  formation 
of  a  suitable  welding  scale.  The  range  of  temperature 
between  the  melting  point  of  the  scale  and  the  burning 
point  of  the  metal  is  about  100  deg.  F.  in  good  welding 
steel  and  distinguishes  this  class  of  steel  probably  more 
than  any  other  property.  In  fact,  it  is  this  self-fluxing 
quality  which  makes  possible  the  commercial  welding  of 
iron  and  steel.  Artificial  fluxes,  such  as  borax,  may  be 
used  to  lower  the  melting  point  of  the  scale  in  welding 
small  parts  of  high  carbon  steel,  but  at  present  this  is 
not  practicable  to  apply  satisfactorily  when  working  on  a 
large  scale.  The  fusion  of  the  scale  also  affords  the 
operator  a  definite  indication  of  the  welding  point,  giv- 
ing him  close  control  over  the  operation. 

Susceptibility  of  Metal  to  Heat.  When  normal 
wrought  iron  or  steel  is  heated  above  the  upper  critical 
point  (about  1570  deg.  F.  for  soft  steel)  the  grain  grows 
at  a  rate  depending  on  the  temperature  and  time  of  heat- 
ing. When  a  certain  grain  size  is  reached,  a  disintegra- 
tion of  the  metal  occurs  with  intergranular  oxidation  and 
the  metal  becomes  "burnt."  When  this  occurs,  the  metal 
is  red-short  and  cold-short  and  useless  for  most  pur- 
poses. The  actual  temperatures  at  which  iron  or  steel 
is  burned  depends  as  much  on  the  protective  character 
and  fusibility  of  the  welding  scale  as  anything  else.  High 
carbon  steels  are  more  susceptible  to  damage  of  this  kind 
in  welding  than  the  same  class  of  steel  of  lower  carbon 
but  the  carbon  is  not  the  only  factor,  otherwise  we  might 

tSolid  non-metallic  impurities  in  steel,  H.  D.  Hibbard,  Trans. 
A.  I.  M.  E.,  vol.  xli,  p.  803  (1910). 
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expect  highly  refined  open  hearth  steel  or  "ingot  iron" 
to  weld  as  easily  as  charcoal  iron. 

The  large  granular  structure  caused  by  exposure  of 
the  metal  to  welding  temperature  may  be  reduced  to  a 
fine  structure  (unless  the  metal  has  been  excessively  over- 
heated) by  a  certain  amount  of  mechanical  forging  ap- 
plied while  the  metal  is  cooling  or  by  reheating  the  metal 
to  about  30  deg.  F.  above  the  upper  critical  point,  fol- 
lowed by  cooling  in  the  air,  which  with  soft  steel  may 
be  comparatively  rapid. 

IVclding  Temperature.  To  produce  intercrystalline 
union  of  two  pieces  of  iron  it  is  necessary  that  the  clean 
surfaces  be  brought  into  close  contact  with  a  certain 
pressure.  This  is  possible  even  at  normal  temperature 
with  application  of  sufficient  pressure  in  the  case  of  soft 
steel,  or  may  easily  be  done  at  a  temperature  slightly 
above  the  fusing  point  of  the  scale  with  comparatively 
little  pressure,  or  at  a  lower  temperature  if  the  fusion 
point  of  the  scale  is  lowered  by  the  use  of  artificial 
fluxes,  such  as  borax.  So  that  the  most  favorable  tem- 
perature for  welding  depends  on  the  material  and  me- 
chanical facilities.  The  usual  temperature  at  which  soft 
steel  is  found  to  weld  satisfactorily  ranges  from  2500  to 
2600  deg.  F. 

The  skill  and  experience  of  the  operator  is,  of  course, 
a  considerable  factor  in  all  welding.  However,  this  is 
offset  in  forge  welding  to  .some  extent  by  the  facilities 
given  him  for  controlling  the  heat  and  the  work 

Results  of  Tests. 

A  number  of  tests  of  forge  welds  (80  in  all)  made 
on  two  rings  cut  from  the  ends  of  hanimer-welded  pipe 
about  3^  in.  thick,  compared  with  the  original  material 
taken  from  the  same  pipe,  90  deg.  from  the  weld,  gave 
results  which  are  summarized  as  follows : 

Material  Away  from  Weld — Average  transverse  tensile  test. 

Elastic  limit,  lb.  per  sq.  in 32150 

Ultimate  strength,  lb.  pei    sq.  in 52790 

Elongation  in  8  in.,  per  cent 29.7 

Reduction,    per   cent 58.6 

Efficiency  of  Weld — Test  pieces  machined  to  uniform  thickness. 

Average  of  all  tests   (80  tests),  per  cent 92.7 

Average  at  extreme  end   (40  tests),  per  cent 90.3 

Average  2  in.  or  m.ore  Eway  from  end   (40  tests), 

per  cent   95 . 0 

Minimum  at  extreme  end.  per  cent 69.0 

Minimum  2  in,  or  more  away  from  end,  per  cent..  82.3 

The  above  steel  before  welding  ranged  in  tensile 
strength  from  about  47,000  to  62.000  lbs.  per  sq.  in. — 
most  of  it  being  under  57,000  lbs.  and  under  0.16  per 
cent  carbon. 

Specifications. 

This  brings  us  to  the  question  of  specifications  for 
steel  best  suited  for  forge  welding.  While  skillful  opera- 
tors can  undoubtedly  make  a  good  job  of  most  steels 
when  the  carbon  does  not  exceed  that  of  flange  quality, 
it  seems  desirable,  everything  considered,  to  limit  the 
carbon  to  about  0.15  per  cent  for  important  parts  where 
life  and  valuable  property  are  at  stake  and  a  high  effi- 
ciency of  strength  of  weld  is  desired. 

The  present  .\.S.T.M.  specification  (A78-21-T)  for 
forge-welding  steel  calls  for  steel  of  not  over  0.18 
per  cent  carbon  having  a  ininimum  tensile  strength 
of  50,000  lbs.  per  sq.  in.  A.S.T.M.  Sub-Committee 
II  of  Committee  A- 1  now  have  under  considera- 
tion substituting  for  this  two  grades  of  steel  having  the 
following  chemical  and  physical  properties: 


CliC'iical  Co—position 

Carbon,  per  cent* 

Manganese,   per   cent.... 
Phosphorus,  per  cent.... 

Sulphur,   per   cent 

Physical    Tests 
Tensile   strength,    lb.   per 

sq.    in 

Yield  point,  lb.  per  sq.  in. 

Elongation    in   8   in.,    per 

cent  


Grade  A 

not  over  0.15 
0.35  to  0.60 
0.04 
0.05 


not  under  47000 
not  under  25000 

not  under  26 


Grade  B 

not  over  0.20 
0.35  to  0.60 
0.04 
0.05 


not  under  52000 
0.5  tensile  strength 

not  under  24 


♦For  plates  over  M  in-  thick.  0.02  additional  carbon  is  per- 
missible. 

Steel  of  both  grades  has  been  forge-welded  and  used 
in  large  quantities  with  an  assumed  weld  efficiency  of  90 
per  cent.  The  tests  we  have  made  indicate  that  this  fig- 
ure is  warranted  for  pipe  lines,  penstocks,  tank-car  work 
and  similar  construction.  A  somewhat  lower  efficiency 
or  higher  factor  of  safety  should,  of  course,  be  used  for 
boilers  and  Class  A  unfired  pressure  vessels. 

Boiler  Code  Requirements. 

With  respect  to  steel  for  forge  welding,  Part  I,  Sec- 
tion I,  Par.  186  of  the  Boiler  Code  requires  that: 

The  ultimate  strength  of  a  joint  which  has  been  properly 
welded  by  the  forging  process  shall  be  taken  as  28,500  lbs.  per 
sq.  in.,  with  steel  plates  having  a  range  in  tensile  strength  of 
47.000  to  5S,CO0  lbs.  per  sq.  in.  Autogenous  welding  may  be  used 
in  boilers  in  cases  where  the  strain  is  carried  by  other  construc- 
tion which  conforms  to  the  requirements  of  the  Code  and  where 
the  safety  of  the  structure  is  not  dependent  upon  the  strength  of 
the  weld. 

Section  III,  paragraph  L-29  reads: 

The  ultimate  strength  of  a  joint  which  has  been  properly 
welded  by  the  forging  process  shall  be  taken  as  28,500  lbs.  per 
sq.  in.,  with  steel  plates  having  a  range  in  tensile  strength  of 
45,000  to  55.000  lbs,  per  sq.  in.  Autogenous  welding  may  be  used 
in  boilers  in  cases  where  the  strain  is  carried  by  other  construc- 
tion which  conforms  to  the  requirements  of  the  Code  and  where 
the  safety  of  the  structure  is  not  dependent  upon  the  strength 
of  the  weld. 

The  proposed  section  on  unfired  pressure  vessels  with 
reference  to  forge  weldings,  Pars.  5  and  8,  reads: 

The  ultimate  strength  of  a  joint  which  has  been  properly 
welded  by  the  forge  process  shall  be  taken  as  65  per  cent  of  the 
tensile  strength  of  the  plate. 

This  weld  efficiency  seems  rather  low  for  Class  A  ves- 
sels and  we  believe  that  it  should  be  still  higher  for  Class 
B  vessels. 

In  Pars.  2  and  3  of  Sections  I  and  III,  firebox  and 
flange  steel  are  specified  for  all  parts  of  the  boiler.  There 
seems  to  be  a  conflict  in  these  specifications  between  the 
requirements  for  steel  which  may  be  forge  welded,  al- 
though apparently  the  intention  is  to  use  a  steel  of  lower 
carbon  for  this  purpose.  This  would  seem  to  be  in  line 
with  the  best  experience,  but  inasmuch  as  flange  steel  has 
apparently  been  successfully  used  for  some  time  in  forge 
w-elded  boiler  construction  where  part  of  the  stress  is 
carried  by  riveted  straps,  there  would  seem  to  be  no  rea- 
son for  not  continuing  this  practice  when  the  weld  is  so 
reinforced. 

Finishing. 

After  the  weld  is  made,  internal  strains  remain  in  the 
metal  which  should  be  released  by  annealing.  This  may 
be  done  by  heating  the  piece  uniformly  to  a  red  heat 
(about  1500  deg.  F.)  and  allowing  to  cool  in  the  air.  .\ny 
objectionable  amount  of  distortion  which  has  occurred  in 
the  welding  operation    should    be    removed,    preferably 
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while  the  piece  is  at  an  annealing  heat ;  otherwise  it  should 
be  reformed  and  then  annealed.  Nothing  has  been  said 
as  to  the  method  of  welding,  scarfing,  preparation  of  the 
plate,  or  fuel  to  be  used,  as  these  vary  considerably  and 
good  results  have  been  obtained  with  widely  different 
methods  of  working.  Some  operators  prefer  one  form 
of  scarfing,  others  none  at  all.  Some  use  roller  welding 
machines,  but  the  majority  use  power  hammers.*  Good 
welding  has  been  done  with  coke  fire,  producer  gas,  nat- 


ural gas  and  water  gas,  the  last  being  adapted  for  forge 
welding  on  a  large  scale. 

To  produce  uniformly  a  high  weld  efficiency,  the 
most  important  considerations  are :  suitable  material, 
well  trained  operators,  and  adequate  facilities  for  control 
of  the  work. 


♦Details  of  mechanical  appliances  for  hammer  welding  in 
modern  American  plants  will  be  found  in  articles  by  E.  F.  Thum 
in  Chemical  and  Metallurgical  Engineering,  September  21,  1921, 
October  19,  1921,  and  November  16,  1921. 


Heat  Losses  From  Steam  Line  Pipes 

Losses  from  Bare  and  Covered  Wrought-Iron  Pipe  at  Tempera- 
tures Up  to  800  Deg.  F.  Where  High  Temperature  Superheated 
Steam  Is  Running — Investigations  Made  in  the  Mellon  Institute. 

By  R.  H.  HEILMAN,  Pittsburgh,  Pa. 


THE  purpose  of  this  paper  is  to  report  some  of  the 
data  obtained  recently  on  bare  pipes  operating  at 
temperatures  up  to  800  deg.  Fahr.,  and  to  present 
curves  and  formulas  which  will  enable  the  engineer  to 
solve  readily  the  probleins  usually  encountered  in  the 
calculation  of  heat  losses  from  bare  and  covered  pipes. 

Bare-Pipe  Heat  Losses. 

Manufacturers  of  pipe  coverings  often  are  required 
to  guarantee  that  the  application  of  a  specified  heat- 
insulating  covering  will  effect  a  certain  percentage 
saving  of  the  heat  which  would  be  lost  entirely  from  a 
bare  pipe.  Since  the  bare-pipe  loss  is  the  100  per  cent 
value  against  which  the  losses  from  the  covered  pipe 
must  be  compared,  it  is  essential  that  the  loss  from  the 
bare  pipe  shall  be  known  accurately. 

Many  investigators  have  studied  the  heat  losses 
from  bare  pipes.  Perhaps  the  most  noteworthy  of 
these  experimentalists  was  the  French  physicist  Peclet. 
Paulding,  in  his  book  on  Steam  in  Covered  and  Bare 
Pipes,  has  worked  out  the  theory  of  heat  losses  from 
bare  pipes  in  the  light  of  the  researches  of  Peclet. 
However,  the  findings  of  later  investigators  do  not 
support  the  results  given  by  Paulding.  Owing  to  the 
fact  that  Peclet's  experiments  were  conducted  at  very 
low  temperatures,  while  subsequent  investigators  con- 
fined themselves  mostly  to  one  pipe  size  only,  the 
Mellon  Institute  deemed  it  advisable  to  carry  onthe 
research  to  higher  temperatures  and  to  pipes  of  various 
sizes.  By  testing  pipes  of  various  sizes  under  the  same 
condition,  it  was  thought  that  more  reliable  data  coijld 
be  secured  than  by  comparing  the  results  of  other  in- 
vestigators on  pipes  of  various  sizes  under  different 
conditions.  Accordingly,  tests  were  made  on  1-in., 
3-in.,  and  10-in.  pipe. 

The  method  of  testing  was  practically  the  same  as 
that  described  by  G.  D.  Baglev  in  his  papei;  on  Con- 
version of  Heat'Losses  from  Pipes  and  Boilers,  pre- 
sented before  the  Society  in  1918,  except  that  the  pipe- 
covering  tester  had  been  improved.  A  Leeds  &  Noi^th- 
rup  type  K  potentiometer  was  substituted  for  the  milli- 

For  presentation  at  the  Sprinof  Meeting.  Atlanta.  Ga.,  May 
8  to  11,  1922,  of  The  American  Society  of  Mechanical  'Engi- 
neers, 29  West  39th  Street,  New  York. 


voltmeter,  and  a  General  Electric  saturated-core-type 
voltage  regulator  and  smaller  thermocouples  were 
added.  Fig.  1  shows  a  view  of  the  laboratory  and  the 
testing  apparatus. 

When  conducting  tests  on  bare  pipes  it  is  very  de- 
sirable that  the  room  temperature  remain  constant 
throughout  the  work,  for  the  rate  of  heat  loss  is  de- 
pendent upon  the  absolute  temperature  as  well  as  upon 
the  temperature  difiference.    The  1-in.  pipe  was  selected 


Fig.  1 — Laboratory  and  Testing  Apparatus. 

for  test  at  the  higher  temperatures,  as  the  relatively 
small  amount  of  heat  loss  from  a  1-in.  pipe  could  not 
greatly  affect  the  room  temperature. 

This  pipe  was  run  up  to  a  temperature  of  800  deg. 
Fahr.  The  average  room  temperature  throughout  this 
test  was  81  deg.  Fahr.  and  the  temperature  did  not 
vary  more  than  1.8  deg.  Fahr.  during  its  progress. 

When  the  emissivity  coefficient  is  plotted  against 
the  heat  loss,  it  is  found  that  the  curve  obtained  is  not 
a  straight  line,  but  falls  off  at  the  higher  temperatures. 
This  means  that  the  heat  loss  from  a  bare  pipe  does 
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not  increase  as  rapidly  at  the  higher  temperatures  as 
would  be  anticipated.  A  possible  explanation  for  this 
condition  is  that  the  convection  loss  at  the  higher  tem- 
peratures docs  not  increase  as  rapidly  as  at  the  lower 
temperatures. 

The  first  test  on  the  1-in.  pipe  was  checked  by  a 
second  test  on  another  1-in.  pipe  and  both  tests  corre- 
sponded exactly  at  the  higher  temperatures. 

The  location  of  the  curves  for  the  3-in.  and  the 
10-in.  pipes  was  obtained  by  experiment  at  the  lower 
temperatures,  as  indicated  by  the  solid  lines  in  Fig.  2. 
The  values  for  the  higher  temperatures  are  the  result 
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of  extendijig  the  curves  parallel  to  the  curve  obtained 
for  the  1-in.  pipe.  This  procedure  was  necessary  be- 
cause of  the  fact  that  the  larger  pipes  could  not  be 
raised  to  the  higher  temperatures  without  raising  con- 
siderably the  temperature  of  the  room.  Tests  are  now 
in  progress  to  ascertain  the  loss  from  vertical  iron 
pipes,  and  the  results  will  be  reported  later. 

In  Table  1  the  loss  in  dollars  and  cents  and  in 
pounds  of  coal  per  100  lineal  feet  of  horizontal  bare  iron 
pipe  is  tabulated  for  temperatures  up  to  664  deg.  Fahr. 
The  loss  varies  from  $1.32  for  100  lineal  feet  of  J/2-in. 
pipe  at  180  deg.  Fahr.  to  $297.50  for  100  lineal  feet  of 
18-in.  pipe  at  664  deg.  Fahr. 

Theory  of  Heat  Loss  From  Insulated  Pipes. 

In  order  to  calculate  the  loss  of  heat  from  an  in- 
sulated pipe  or  boiler,  it  is  necessary  to  know  the  total 
temperature  drop  from  the  pipe  to  the  surrounding  air  ; 
and  to  enable  one  to  make  accurate  calculations  it  is 
required  that  the  component  temperature  drops  be 
known. 

The  total  temperature  drop  from  the  steam  inside 
a  pipe  to  the  outer  air  can  be  considered  as  made  up 
of  four  components,  as  follows : 

(a)  Drop  from  steam  to  the  outer  surface  of  the 
pipe. 

(d)  Drop  from  outside  surface  of  the  pipe  to  in- 
side surface  of  the  insulation. 

(c)  Drop  from  the  inside  surface  of  the  insulation 
to  the  outside  surface  of  the  insulation. 


(d)     Drop  from  outside  surface  of  the  insulation  to 
the  surrounding  air. 

The  temperature  drop  from  the  steam  to  the  outer 
surface  of  the  pipe  depends  upon  the  resistance  to  heat 
flow  offered  by  the  film  at  the  inner  surface  and  the  re- 
sistance offered  by  the  iron  wall  of  the  pipe. 

This  combined  resistance  is  very  low,  owing  to  the 
high  conductivity  of  the  iron  and  the  relatively  high 
conductivity  of  the  water  film.  Consequently  the  tem- 
perature drop  is  very  low.  No  attempt  has  been  made 
to  measure  the  above  temperature  drop  in  this  investi- 
gation, as  it  was  considered  to  be  so  small  as  to  be 
negligible.  This  drop  has  been  measured  for  saturated 
steam  by  L.  B.  McMillan*  and  found  to  be  a  fraction 
of  a  degree.  However,  a  test  conducted  by  Eberlef 
for  superheated  steam  shows  a  drop  as  high  as  10  deg. 
Fahr.  This  drop  should  be  taken  account  of  when 
making  calculations  for  superheated  steam. 

The  temperature  drop  from  the  outside  surface  of 
pipe  to  the  inner  surface  of  the  insulation  depends  upon 
the  resistance  to  heat  flow  offered  by  the  air  space  be- 
tween the  surface  of  the  pipe  and  the  inner  surface  of 
the  insulation.  The  heat  flow  which  takes  place  in 
this  case  is  due  to  radiation,  conduction,  and  convec- 
tion. Since  the  radiation  increases  as  the  fourth  power 
of  the  absolute  temperature  difference,  it  is  to  be  ex- 
pected that  the  temperature  drop  would  tend  to  de- 
crease at  the  higher  temperatures. 

The  temperature  drop  from  the  outer  surface  of  the 
pipe  to  the  inner  surface  of  the  covering  for  1-in.,  3-in., 
and  10-in.  pipe  is  shown  in  Fig.  3.  These  curves  show 
that  the  temperature  drop  increases  as  the  pipe  di- 
ameter decreases.  A  test  was  also  made  on  a  3-in. 
pipe'  with  an  air  space  of  1.2-in.  between  the  surface 
of  the  pipe  and  the  insulation.  By  comparing  this 
curve  with  the  curve  for  an  air  space  of  0.1  in.,  it  is 
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Inner  Surface  of  Covering. 

observed  that  the  temperature  drop  for  a  1.2-in.  air 
space  is  only  a  few  degrees  more  than  for  an  air  space 
of  0.1  in.  This  is  probably  due  to  the  fact  that  for  air 
spaces  much  greater  than  0.2  in.  convection  currents 
are  increased,  thus  causing  an  increase  in  heat  loss. 

Since  the  flow  of  the  heat  is  directly  proportional 
to  the  cross-sectional  area,  and  inversely  proportional 

*Trans.  Am.  Soc.  M.  E.,  vol.  37,  p.  928. 
tMitt.   uber  Forschungs-Arbeiten  auf  dem   Geb.  des   Ing., 
helf  78.  .  ,  _. 
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to  the  length  of  the  path,  it  is  obvious  that  the  presence 
of  a  1.2-in.  air  space  between  the  surface  of  the  3-in. 
pipe  and  the  inner  surface  of  the  insulation  will  cause 
an  increase  in  the  total  amount  of  heat  lost  from  the 
surface  of  the  pipe,  provided,  of  course,  the  air  space 
is  not  as  good  an  insulator  as  the  covering  itself.  In 
'  this  case  the  insulating  value  of  commercial  coverings 
is  many  times  greater  than  the  insulating  value  of  the 
air  space. 

The  results  of  this  test  show  that  an  air  space  of 
over  0.25  in.  is  of  little  use  as  an  insulator  on  flat  sur- 
faces at  high  temperatures,  and  that  this  air  space  is 
of  little  value  as  a  protection  to  the  covering  from  the 
effects  of  the  high  temperatures.  This  test  also  demon- 
strates that  coverings  should  be  kept  as  close  as  pos- 
sible to  cylindrical  surfaces,  because  the  insertion  of 


sulation  and  the  temperature  drop  from  the  inner  to 
the  outer  surfaces  determine  what  is  generally  called 
the  absolute  conductivity  of  the  insulation.  However, 
this  does  not  give  the  true  absolute  conductivity  of  the 
insulation,  but  gives  what  may  be  called  the  mean  abso- 
lute conductivity.  The  true  absolute  conductivity  for 
an  insulating  material,  say,  1  in.  in  thickness  can  be 
represented  by  a  curve.  The  absolute  conductivity  for 
a  given  material  increases  as  the  temperature  increases, 
and  therefore  the  absolute-conductivity  curve  depends 
upon  the  thickness  of  the  covering  and  also  upon  the 
curvature  of  the  covering. 

The  drop  in  temperature,  or  the  temperature- 
gradient  curve  through  the  insulation,  then  depends 
upon  the  thickness  of  the  covering  and  the  curvature. 
In  a  cylindrical  covering  the  resistance  to  heat  flow  di- 


T.\EUE  1— LOSSES  PROM  HORIZO'NTAL  BARE-IRON  STEAM  PIPESi 
From  100  Lineal  Feet  of  Pipe  per  Month  of  30  Days  with  Steam  in  Pipes  24  Hr.  per  Day.   Coal  at  $4.00  per  Ton  of  2,000  Lb. 
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2.610 

4220 

16890 

3590 

ZVz 

3.66 

1545 

1.118 

S.65 

2660 

1984 

11.66 

4660 

2320 

13.66 

54^0 

2464 

15.25 

6100 

2564 

1670 

6690 

2.650 

26,64 

10650 

3.220 

5O50 

20200 

4300 

z' 

4.56 

1824 

2.100 

8.24 

3292 

24*0 

1386 

5550 

2760 

16.14 

6450 

2310 

1604 

7210 

3.030 

19,84 

1945 

3150 

31,60 

12640 

3.820 

58.25 

24300 

5170 

Z'/z 

518 

2010 

2380 

889 

3554 

2655 

1562 

6325 

3145 

1831 

7322 

3305 

20.50 

6200 

3450 

2260 

9040 

3580 

35,90 

14360 

4.345 

69.00 

27600 

5860 

4' 

5.18 

2305 

2.650 

aei 

3950 

2.950 

1110 

1075 

3520 

2550 

8200 

3100 

22.85 

9145 

3.642 

25.15 

10060 

3981 

40,10 

16040 

4.850 

7240 

30320 

65B0 

4^ 

fc.35 

2540 

2320 

10.94 

4310 

3260 

1948 

1190 

3.818 

22.60 

9025 

4.015 

2530 

10120 

4.250 

2715 

IIIOO 

4400 

4405 

17620 

5326 

8560 

34240 

726G 

5" 

6.95 

2180 

3.200 

11.91 

4190 

3.51  S 

21.25 

8500 

4232 

24.52 

3850 

4450 

2760 

11 050 

4.650 

3040 

12140 

4.605 

49.35 

19740 

5960 

94.50 

37800 

8,050 

6" 

8.Z0 

32.80 

3175 

14.21 

5680 

4,240 

25.30 

lOllO 

5.024 

29.30 

11120 

5.295 

3280 

13120 

552Z 

3600 

14420 

5715 

57.50 

23000 

6.955 

11250 

45000 

9580 

7' 

9.40 

3160 

4325 

1616 

6410 

4826 

29.10 

11640 

5182 

3310 

13480 

6.090 

3760 

15040 

6.324 

41.60 

16650 

6560 

66.25 

26500 

6010 

123.00 

51550 

10.97 

8' 

11.00 

4398 

5.050 

18.25 

1300 

5.450 

3Z60 

13030 

6455 

31.65 

15050 

6.840 

4240 

16340 

7.125 

4605 

I84Z0 

7300 

7415 

23300 

9.050 

146.20 

58500 

1244 

9" 

ll.6t 

4650 

5.350 

20.35 

8130 

6.010 

36.25 

14500 

1,210 

42,10 

16840 

7600 

41. 2t 

18900 

7950 

51.98 

20790 

B.230 

8350 

33400 

10.10 

162.60 

65050 

1384 

10" 

lt.68 

5065 

5325 

Z105 

8820 

6.584 

4020 

16100 

8.010 

4610 

18690 

8440 

52.30 

20310 

8805 

5715 

23100 

9.150 

9750 

39000 

11.18 

180.00 

12000 

1530 

\t 

15.00 

6000 

6.995 

26.4'V 

10580 

1.890 

41.40 

16950 

9425 

55.40 

22120 

10.00 

6116 

24100 

1040 

70.00 

28010 

11.14 

109.30 

43700 

13.22 

21350 

85500 

18.18 

14 

lfc.60 

6635 

1.625 

teso 

11560 

8.620 

52.00 

20800 

10.34 

60.50 

24200 

10.92. 

6750 

21000 

11.36 

1410 

236S0 

1116 

119.40 

47740 

1443 

233,00 

93300 

19.85 

IG" 

1&8Z- 

1525 

8.650 

3280 

13120 

9190 

5616 

23500 

1110 

68.40 

27320 

1234 

1610 

30410 

1280 

84.25 

33100 

1335 

135.00 

54000 

16.34 

26500 

106000 

22.55 

18" 

Z.1.00 

6400 

9.650 

3610 

14460 

10.80 

6540 

26150 

13.00 

1650 

30510 

13.80 

85,50 

34^00 

14.38 

9315 

31500 

14.87 

151.10 

60500 

18.30 

29750 

119000 

2530 

•  In  this  table  coal  has  been  figured  at  $4.00  per  ton  of  2,000  lb,,  13,000  Btu  per  lb.  of  coal;  labor,  boiler-room 
e.xpense,  etc.,  taken  at  $1.00  per  ton,  making  total  value  of  coal  fired  at  $5.00  per  ton.  Boiler  efficiency  taken  at  70  per 
cent;  air  temp.  70  deg.  Fahr.     Experimental  data  obtained  at  the  Mellon  Institute. 


an  air  space  of  approximately  0.1  in.  between  the  pipe 
and  insulation  actually  increases  the  overall  loss.  An 
examination  of  Fig.  3  shows  that  the  temperature  drop 
for  a  0.1-in.  air  space  is  approximately  equal  to  that 
for  0.1  in.  of  commercial  insulations,  so  that  this  tem- 
perature drop  can  be  neglected  in  calculations  and  the 
pipe  covering  considered  as  fitting  close  to  the  pipe 
with  the  pipe  temperature  and  the  temperature  at  the 
outer  surface  of  the  covering  as  the  temperatures 
bounding  the  covermg. 

The  temperature  drop  frotn  the  inside  surface  of 
the  insulation  to  the  outside  surface  of  the  insulation 
depends  upon  the  resistance  to  heat  flow  offered  by 
the  insulation  itself.  Heat  is  transmitted  through  the 
insulation  by  means  of  radiation,  conduction  and  con- 
vection. The  relative  amount  of  each  of  these  three 
factors  depends  entirely  upon  the  construction  of  the 
insulating  material. 

The  amount  of  heat  transmitted   through  the  in- 


minishes  as  the  outer  surface  is  approached,  the  tem- 
perature drop  becomes  less,  and  the  gradient  curve  is 
bowed  downward  if  the  curvature  alone  is  taken  into 
consideration.  However,  the  absolute  conductivity  de- 
creases as  the  outer  surface  is  neared,  with  a  conse- 
quent bowing  up  of  the  gradient  curve,  and  the  two 
tend  to  counteract  each  other,  so  that  the  temperature- 
gradient  curve  may  be  bowed  either  up  or  down  or  be 
a  straight  line,  depending  upon  the  curvature  of  the 
cylinder.  The  temperature-gradient  curve  for  a  flat 
surface  should  bow  up. 

It  is  highly  desirable  that  tests  should  be  conducted 
on  commercial  steam-pipe  coverings  of  different  thick- 
nesses and  at  different  temperatures,  in  order  to  obtain 
mean  absolute-conductivity  curves  for  the  different 
thickness. 

The  temperature  drop  from  the  outer  surface  of  the 
insulation  to  the  surrounding  air  depends  upon  the 
amount  of  heat  emitted  by  radiation  and  air  contact. 
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This  in  turn  is  dependent  upon  the  nature  of  the  sur- 
face of  the  body,  the  shape  of  the  body,  the  excess  of 
its  temperature  over  that  of  objects  to  which  radiation 
takes  place,  and  the  absolute  value  of  the  temperature 
of  these  bodies.  Commercial  steam-pipe  coverings  are 
invariably  covered  with  a  canvas  jacket.  From  the 
above-mentioned  facts  it  is  obvious  that  the  loss  from 
a  canvas  surface  at  a  given  temperature  is  independent 
of  what  is  under  the  canvas,  so  that,  if  the  canvas-loss 
law  can  be  ascertained,  this  law  may  be  applied  to  the 
loss  from  steam-pipe  coverings  and  thus  the  tempera- 
ture of  the  outer  surface  of  the  insulation  can  be  deter- 
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Fig.  4— Canvas-Surface  Loss-Curves. 
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mined.  In  making  calculations  of  heat  loss  through 
an  insulation,  it  is  absolutely  necessary  to  know  the 
temperatures  at  the  inner  and  outer  surfaces. 

Peclet  made  a  careful  study  of  the  heat  emissivity 
from  various  surfaces,  canvas  surfaces  included.  As 
mentioned,  however,  his  experiments  were  conducted 
at  relatively  low  temperatures.  McMillan  made  a 
study  of  the  heat  emissivity  from  a  canvas  surface  in 
his  study  of  commercial  steam-pipe  coverings,  but  he 
conhned  his  experiments  to  one  pipe  size  only.  Never- 
theless, McMillan's  results  in  the  form  of  a  curve 
present  a  readier  means  of  calculating  the  losses  from 
steam-pipe  coverings  than  do  Peclet's,  whose  observa- 
tions, while  taking  all  the  variables  into  consideration, 
are  in  too  complicated  a  form  to  provide  a  ready  means 
of  calculation. 

Since  McMillan's  canvas-surface-loss  curve  was  ob- 
tained from  experiments  on  one  pipe  size  only,  this 
curve  can  be  used  in  making  calculations  on  coverings 
of  a  diameter  approximately  the  diameter  of  the  cover- 
ings tested.  In  order  to  be  able  to  calculate  the  loss 
of  heat  from  pipe  coverings  of  any  diameter,  it  has  been 
necessary  to  obtain  the  canvas-surface-loss  curves  for 
various  diameters.  Accordingly,  coverings  were  tested 
on  the  1-in.,  3-in.,  and  10-in.  pipes  used  in  determining 
the  bare-pipe  losses.  The  average  outer  diameters  of 
the  coverings  used  were  3.1  in.,  9.5  in.  and  17.2  in. 
The  results  of  these  tests  are  shown  in  Fig.  4. 

In  order  to  simplify  the  calculations  necessary  to 
determine  the  loss  of  heat  through  coverings  of  various 
diameters,  the  equations  of  the  three  curves  shov/n  in 
Fig.  4  have  been  derived.    In  these  equations — 

Td  =  temperature  difference  between  canvas  sur- 
face and  room,  deg.  Fahr. 
h  =  total  Btu  loss  per  hour  per  square  foot  of 

canvas  surface. 
D  =  outer  surface  diameter,  inches. 


3.1  in.  diameter:  T^  = 
9.5  in.  diameter:  Ta  =  - 
17.2  in.  diameter:  Ta  = 
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JIl:^^ [1] 

h  +  456.5 

'''■'''     L2J 

h -1-368 

h  +  328.4 


These  equations  can  be  combined  tu  give  the  gen 
eral  equation : 

272.5  h 


Td  = 


h  + 


564 


|4| 


which  is  approximatel-y  accurate  for  diameters  up  to 
2  ft. 

It  is  believed  that  these  curves  are  fairly  accurate, 
inasmuch  as  they  were  obtained  from  the  results  of 
numerous  tests  on  different  materials. 

Thermocouples  were  used  in  determining  the  can- 
vas temperatures.  During  this  investigation,  it  was 
found  that  the  couple,  when  just  inserted  under  the 
canvas,  would  invariably  read  low.  This  difficulty 
was  overcome  by  inserting  it  under  the  canvas  for  a 
distance  of  several  inches,  this  distance  depending  upon 
the  size  of  the  couple  and  the  temperature  of  the  cover- 
ing. From  a  theoretical  consideration  of  the  question, 
it  can  be  shown  that  the  minimum  distance  to  which 
the  thermocouple  can  be  placed  under  the  canvas  is 
reached  when  the  temperature  of  the  thermocouple 
wires,  a  short  distance  from  the  junction,  is  the  same 
as  the  temperature  at  the  junction.  When  this  con- 
dition is  reached,  there  is  no  flow  of  heat  from  the 
junction  to  the  wires  and  consequently  no  lowering  of 
the  junction  temperature. 

Sample  Calculations. 

A  covering  2  in.  thick,  having  a  mean  absolute- 
conductivity  coeiificient  of  0.56,  is  placed  on  a  4y2-in. 
outside-diameter  pipe  maintained  at  a  temperature  of 
400  deg.  Fahr.  The  temperature  of  the  surrounding 
air  is  70  deg.  Fahr.  Determine  the  heat  flow  in  Btu 
per  hour  per  sq.  ft.  of  pipe  surface. 

The  heat  flow  through  a  cylinder  is  given  by  the 
equation : 

K(Tj  — T„) 
H  =— ^-^ [5] 

Ti  loge  — 

where  T,  is  the  temperature  at  the  outer  surface  of 
the  covering.  To  obtain  T,,  knowing  only  Tj,  the  pipe 
temperature  and  T3,  the  room  temperature,  it  is  neces- 
sary to  change  the  form  of  the  equation  so  as  to  in- 
clude Tfl.  The  equation  for  Ta,  as  developed  from  ex- 
perimental results,  is 


Ta    = 


272.5  h 
564 


[4] 


whence 


in  which 


h  = 


K(T,  — T3  — Ta) 

Fj  loge  — 


[6] 
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h  =  Btu  loss  per  hour  per  sq.  ft.  of    canvas  sur- 
face. 

K  =  mean  absolute  conductivity  of  insulation. 

fj  =  radius  of  inner  surface  of  insulation,  inches. 

To  =  radius    of    outer    surface    of    insulation,    in 

inches. 
Ta  =  temperature    difference    between    outer   sur- 
face of  insulation  and  room,  deg.  Fahr. 

Substituting  in   [6],  there  results 


h  =  0.56 


272  5  h 
0.207  (330 ) 

h  -f  375 


—363.1  qz  V  363.P  +  4  X  25,600 


=  60.4 


4.25 


H  =  60.4  X  — —  =  114  Btu  loss  per  hr.  per  sq.  ft. 
2.25 
of  pipe  surface. 
The  temperature  at  the  outer  surface  of  the  cover- 
ing can  be  obtained  by  substituting  the  value  of  h  in 

272.5  h 

the  equation  Tj  =  ,  reducing  to  Tj  =  37.6. 

h  +  375 

Therefore  the  temperature  of  the  outer  surface  of  the 
covering  is 

37.6  -f  70  =  107.6  deg.  Fahr. 


Material-Handling  Equipment  as  Used  in 
the  Iron  and  Steel  Industry 

A  Description  of  the  Handling  Machinery  Used  in  the  Manufac- 
ture of  Steel  from  the  Time  the  Ore  Leaves  the  Mines  Until  the 
Steel  Goes  Through  the  Last  Process  at  the  Mill. 

By  F.  L.  LEACH,  New  York,  N.  Y. 


THE  iron  and  steel  industry  probably  requires  a 
greater  diversity  of  material-handling  equipment 
than  any  other  type  of  manufacturing,  because  of 
the  enormous  bulk  and  weight  to  be  handled.  From 
the  time  the  material  leaves  the  mines  until  it  is  turned 
out  of  the  mills  as  finished  product  it  is  constantly  being 
moved  by  heavy  conveying  machinery  of  all  description.s. 
It  is  the  intention  of  the  author  to  describe  this  equip- 
ment with  the  idea  of  bringing  out  weak  points  in  pres- 
ent day  practice,  and  possibly  open  the  way  to  strengthen 
the  weakest  links  in  conveying  methods  used. 

2.  As  the  principal  object  of  this  paper  is  to  describe 
the  machinery  used  about  the  industrial  plant,  just  a 
brief  description  will  be  given  of  the  handling  methods 
before  the  material  reaches  the  plant. 

3.  The  ore  is  mined  and  conveyed  to  convenient  lake 
ports  by  means  of  special  gondola  cars.  The  latest  type 
of  these  cars  is  designed  to  carry  120,000  lbs.  The  total 
weight  of  car  is  33,500  lbs.,  therefore  the  ratio  of  reve- 
nue load  to  total  weight  is  78.1  per  cent.  A  good  ex- 
ample of  a  modern  port  is  the  Duluth,  Missabe  &  North- 
ern Railway  docks  at  Duluth,  Minn.,  the  No.  5  dock  of 
which  has  the  greatest  storage  capacity  of  any  on  the 
Great  Lakes.  It  is  2.304  ft.  long,  has  384  pockets,  and 
a  storage  capacity  of  134,400  tons. 

4.  At  the  present  time  ore  handling  on  the  Great 
Lakes  is  carried  on  by  a  fleet  of  vessels  unequalled  any- 
where in  the  world.  Some  of  these  vessels  are  capable 
of  handling  a  cargo  of  15,000  tons,  and  are  over  600  ft. 
long.    During  the  year  1916,  66,658,466  tons  of  ore  were 

*For  presentation  at  the  Spring  Meeting.  .'Atlanta,  Ga., 
May  8  to  11,  1922,  of  the  American  Society  of  Mechanical 
Engineers,  29  West  Thirty-ninth  Street,  New  York. 


carried  by  the  vessels  from  the  upper  Great  Lakes  to 
southeastern  ports.  The  steamer  Homer  D.  IVilliams  car- 
ried 462,490  tons  during  the  season  of  1920. 

5.  Vessels  equipped  for  self-unloading  have  been 
developed  for  handling  stone  and  ore.  The  hold  in  such 
cases  is  divided  into  bins,  which  deliver  the  material  by 
gravity  to  a  belt  coneyor  running  lengthwise  of  the  ves- 
sel ;  this  conveyor  delivers  the  material  to  an  elevator 
which  hoists  it  to  another  belt  conveyor  suspended  in  a 
horizontal  position  from  the  masts  of  the  vessel  and 
capable  of  being  moved  radially  and  vertically  like  the 
boom  of  a  derrick.  This  belt  conveyor  delivers  to  the 
storage  pile  on  the  dock,  and  it  is  possible  to  distribute 
the  material  onto  the  dock  at  any  point  or  height  de- 
sired within  the  scope  of  the  boom  conveyor. 

6.  Ore-unloading  equipment  has  probably  been  de- 
veloped to  the  highest  point  of  efficiency  at  the  ports  on 
the  Great  Lakes.  An  example  of  this  is  Ashtabula  Har- 
bor on  Lake  Erie,  where  there  are  eight  Hulett  ore  un- 
loaders  having  a  capacity  of  15  tons  each.  Thev  have  a 
record  of  unloading  seven  boats  of  a  total  capacity  of 
77,000  tons  in  22  hours  actual  time.  Four  17-ton  capa- 
city machines  of  this  type  have  unloaded  a  cargo  of 
13,000  tons  in  3  hours  and  25  minutes. 

7.  These  unloading  machines  remove  the  ore  from 
the  boat  and  dump  it  directly  into  railroad  cars  for  ship- 
ment to  inland  plants,  or  they  place  it  in  a  bin  located 
at  the  rear  of  the  machine  where  it  may  be  picked  up  by 
a  traveling  ore  bridge  and  placed  in  storage  piles. 

.8  Railroad  cars  have  been  developed  for  handling 
ore  up  to  120  tons  capacity.  Ore  shipped  to  inland  plants 
in  bottom-dumping  cars  may  be  unloaded  directly  into 
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Fig.  1 — Section  through  blast  furnace  and  ore  yard  showing  relations  of  ore  bridge,  bins  and  furnace. 


bins  by  gravity.  However,  the  modern  method  is  to  use 
a  traveling  rotary  car  dumper,  which  can  be  spotted  at 
any  point  in  the  length  of  the  ore  3'ard.  The  cars  of  ore 
are  placed  one  at  a  time  on  the  dumper,  turned  upside 
down  and  the  ore  dumped  into  a  concrete  pocket  that 
extends  the  full  length  of  the  ore  yard.  An  ore  bridge, 
similar  to  the  one  shown  in  Fig.  1,  distributes  the  ore  to 
the  storage  pile  in  the  yard.  Rotary  car  dumpers  have 
been  developed  so  that  three  men  can  unload  about  20 
cars  per  hour. 

9.  Cars  of  240,000  lb.  capacity  have  been  designed 
with  a  total  dead  weight  of  78,800  lbs.,  giving  a  ratio  of 
revenue  load  to  total  weight  of  75.4  per  cent. 

10.  The  traveling  ore  bridge  is  another  valuable  link 
in  material-handling  equipment  and  is  used  in  many  dif- 
ferent ways  in  handling  the  ore  at  unloading  docks.  Some 
machines  are  designed  for  the  purpose  of  removing  the 
ore  directly  from  the  boats,  in  which  case  it  may  be 
placed  in  its  proper  location  in  the  ore  yard  without  re- 
handling.  But  in  the  case  mentioned  above,  the  bridge 
is  used  for  distributing  ore  in  the  yard  after  the  unload- 
ers  have  removed  it  from  the  boat.  This  is  the  most 
economical  method  where  large  quantities  are  to  be 
handled. 

11.  One  of  the  largest  bridges  of  this  type  ever  built 
is  612  ft.  long  overall,  and  is  used  at  the  Western  Penn- 
sylvania Dock  Company  at  Cleveland,  Ohio.  This  bridge 
handles  a  15-ton  bucket  and  covers  an  ore  storage  of 
over  a  million  tons. 

12.  Fig.  1  shows  how  these  bridges  may  also  be 
used  to  place  the  ore  and  limestone  in  bins,  preparatory 
to  sending  them  to  the  blast  furnace.  Several  different 
types  of  bins  are  used,  although  the  principle  is  the  same 
in  each.  The  ore  is  placed  in  the  bin  either  bv  the  ore 
bridge,  or  by  gondola-type  hopper  cars  and  it  passes  down 
through  the  bin  by  gravity  as  required,  through  a  shut- 
ofT  gate  into  a  lorry  car.  The  types  of  bins  ordinarily 
used  are  the  overhead  design  shown  in  Fig.  1  and  the  tun- 
nel type  in  which  the  lorry  car  goes  through  a  tunnel  be- 
neath the  bridge. 

13.  The  choice  of  these  two  types  is  decided  by  the 


topography  of  the  land  on  which  a  plant  is  built  and  by 
climatic  conditions.  From  the  bins  an  electricallv  driven 
weighing  lorry  car  is  used  to  convey  ore,  limestone  and 
coke  to  the  blast  furnace  skip  hoist. 

14.  Fig.  1  shows  how  material  is  conveyed  from  the 
stock  yard  and  bins  to  the  top  of  the  blast  furnace, 
dumped  into  the  bell  hopper  by  the  skip  car,  and  finally 
deposited  inside  by  the  well  known  double  bell  system. 
Two  of  the  products  of  the  blast  furnace  are  pig  iron 
and  slag,  which  are  drawn  off  at  the  base  in  a  molten 
state.  Both  iron  and  slag  were  formerly  allowed  to  run 
from  the  furnace  into  sand  molds  and  handled  after 
cooling.  Most  plants  today,  however,  run  the  molten  iron 
and  slag  directly  into  ladles  supported  on  special  cars. 
In  this  way  the  iron  is  transported  either  to  a  pig-casting 
machine  where  it  is  cast  into  pigs,  or  to  a  mixer  at  the 
open  hearth  plant,  where  it  is  kept  in  the  molten  state,  or 
further  refined  before  it  is  placed  in  the  Bessemer  con- 
verter, for  the  duplex  process.  The  molten  pig  iron  may 
also  be  conveyed  direct  to  the  open  hearth  furnace  for 
the  straight  open  hearth  process. 

15.  The  slag  is  disposed  of  in  various  ways,  since 
it  has  become  of  considerable  commercial  value  in  the 
last  few  years.  After  having  been  allowed  to  cool  it  is 
crushed  to  various  sizes,  and  then  used  in  the  place  of 
crushed  stone. 

16.  The  Croxton  method  is  one  way  of  handling  slag. 
By  this  method  it  is  dumped  into  concrete  pits  across  the 
bottom  of  which  heavy  chains  have  been  laid  at  inter- 
vals of  about  five  feet.  When  the  pit  has  been  filled 
with  slag  to  a  depth  of  about  18  in.  to  24  in.  the  chains 
are  pulled  up  through  the  slag  by  an  overhead  crane. 
This  breaks  up  the  slag  so  that  it  may  be  conveved  bv 
means  of  the  crane  and  grab  bucket  to  a  crusher  at  the 
end  of  the  slag  pit. 

17.  -\nother  method  is  to  dump  the  molten  slag  into 
a  pit  partly  filled  with  water,  thereby  granulating  it  so 
that  it  may  be  removed  by  the  crane  and  a  grab  bucket. 
This  granulated  slag  makes  a  very  good  railroad  ballast. 

(To  be  continued) 
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Eastern  Company  Rebuilds  Blast  Furnace 

The  Thomas  Iron  Company  at  Hokendauqua,  Pa.,  Have  Com- 
pleted the  Reconstruction  of  Their  No.  3  Blast  Furnace.  Addi- 
tional Power  Facilities  and  a  Pig  Casting  Machine  Also  Installed. 

By  RICHARD  PETERS,  JR. 
Manager  of  Sales,  Pulaski  Iron  Company 


THERE  hangs  on  the  walls  of  the  office  of  The 
Thomas  Iron  Company  in  Easton,  Pa.,  a  frame  en- 
closing a  docnment  which  is  unique  in  the  annals  of 
the  iron  trade,  in  that  it  records  the  inception  of  the  only 
American  company  which  has  continued  to  manufacture 
pig  iron  exclusively  for  nearl_v  70  years  without  reor- 
ganization or  without,  having  a  change  in  its  corporate 
name.  This  interesting  relic  is  the  original  autographical 
list  of  the  26  subscribers  to  the  stock  of  the  company, 
showing  the  names,  addresses  and  amounts  taken  by  each, 
and  attests  to  the  incorporation  of  The  Thomas  Iron 
Company  on  April  4,  1854. 

The  project  was  started,  however,  nearly  two  months 
earlier  than  this  date,  as  the  result  of  a  meeting  of  promi- 
nent men  of  the  Lehigh  Valley,  interested  in  the  develop- 
ment of  the  anthracite  iron  industry,  just  then  getting 
under  headway.  A  resolution  adopted  at  the  original 
meeting  named  the  company  in  honor  of  David  Thomas, 
who  conceived  the  new  undertaking  and  who  had  been 
the  pioneer  in  the  successful  manufacture  of  anthracite 
iron  on  a  commercial  scale.  The  original  capitalization 
of  $200,000  represented  a  considerable  outlay  for  those 
days,  as  it  took  cotn^age  to  invest  largely  in  a  venture  so 
new  as  that  of  smelting  iron  with  a  fuel  of  which  many 
iron  masters  were  skeptical. 

Even  before  the  state  had  granted  the  charter  of  in- 
corporation, a  site  for  the  erection  of  works  had  been 
purchased,  on  the  west  bank  of  the  Lehigh  river,  a  short 
distance  north  of  the  Lehigh  Crane  Company's  plant  at 
Catasauqua.  The  farm  land  acquired  on  which  to  build 
the  fm-naces  and  town  site  was  named  "Hokendauqua," 
the  derivation  being  from  the  language  of  the  Delaware 
Indians  and  meaning  "Land  Seeking."  Arrangements 
were  made  to  promptly  start  the  erection  of  two  blast 
furnaces,  to  be  known  as  numbers  one  and  two,  and  con- 
tracts were  placed  for  the  necessary  engines,  boilers  and 
other  iron  work.  The  stacks  were  built  of  masonry,  fol- 
lowing the  practice  of  those  days,  and  they  had  exten- 
sions to  the  tunnel  heads  like  Turkish  minarets.  When 
the  plant  was  completed  and  put  in  blast  in  1855,  it  was 
the  subject  of  nuich  favorable  comment,  so  much  so  that 
Percy  in  his  'Metallurgy,"  published  in  London  in  1864, 
states  that  the  Thomas  works  "stand  pre-eminent"  as 
illustrative  of  American  manufacture  by  reason  of  its 
"beauty,  size  and  convenience  of  build,  and  for  its  his- 
toric interest."  Detailed  drawings  and  descriptions  as 
well  as  records  of  the  furnaces  are  incorporated  in  the 
work  of  Percy.  Prior  to  this,  in  1859,  Prof.  Lesley,  the 
Secretary  of  the  American  Iron  Association,  described 
the  Thomas  furnaces  in  the  following  language :  "Built 
together  and  alike,  18  feet  across  the  bosh  and  60  feet 
high,  and  blown  by  two  blast  cylinders  in  common,  at 
the  extraordinary  pressure  of  8j^  pounds  to  the  square 
inch,  these  twin  stacks  have  steadily  kept  in  advance  of 
all  the  other  furnaces  of  the  United  States.    In  1856  they 


made  17,446  tons  together.  In  a  word  here  stands  the 
demonstration  that  a  large  and  well  built  crucible,  prop- 
erly stocked  with  good  ores  and  properly  blown  with 
power  to  spare,  nnist  be  a  great  and  continual  success." 

The  supplies  of  raw  materials  were  conveniently  lo- 
cated at  Hokendauqua,  especially  the  brown  hematite 
ores,  which  abounded  in  the  neighboring  counties.    Access 


Fig.  1 — Cross  secrion  of  furnace. 

to  these  ores,  however,  was  by  teaming  only,  at  a  con- 
siderable expense,  so  that  two  years  later  we  find  the 
Thomas  Company  joining  the  Crane  works  in  building  a 
railroad  to  the  ore  district.  The  road  was  named  the 
"Catasauqua  &  Fogelville,"  and  while  now  controlled  by 
the  Reading  System,  yet  The  Thomas  Iron  Company  still 
retains  its  original  interest  in  the  companv.  In  1882,  the 
Ironton  Railroad  was  purchased  so  that  control  could  be 
had  of  the  ore  and  limestone  reached  by  its  line,  but  at 
the  present  time  this  road  is  more  important  as  a 
cement  carrier,  due  to  the  developments  of  this  industry 
in  the  region. 
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The  needs  of  the  country  for  pig  iron  during  the 
Civil  War  prompted  the  erection  in  1862  and  1863  of  two 
additional  stacks  of  the  same  general  construction  as  the 
original  ones.  In  1868  the  plant  of  the  Lock  Ridge  Iron 
Company  at  Alburtis  was  acquired,  and  an  additional 
furnace  was  erected  at  that  place  the  following  year. 
With  its  increased  production,  the  Thomas  company  had 
already  taken  a  foremost  place  among  American  iron 
makers  by  the  latter  end  of  the  sixties ;  nevertheless  in 
1873  and  1874  two  more  units  were  built  at  Hokendau- 
qua.  These  were  also  of  stone  construction,  but  just 
why  the  management  did  not  follow  the  advanced  en- 
gineering of  the  times  by  using  the  iron  shell  on  columns 
is  an  open  question,  unless  there  was  some  idea  of  re- 
taining the  symmetry  of  the  original  works. 

In  this  connection,  it  is  of  interest  to  note  that  by 
the  purchase,  in  the  latter  part  of  1884,  of  the  furnaces 
of  the  Saucon  Iron  Company  at  Hellertown,  the  Thomas 
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Fig.  2 — View  of  furnace  top,  showing  McKee  Revolving 
Distributor,  downcomers,  etc. 

company  obtained  possession  of  two  of  the  earliest  stacks 
to  be  built  in  this  country  of  iron  shells.  Prior  to  the 
addition  of  the  Saucon  plant,  the  Keystone  furnace  at 
Island  Park,  near  Easton,  was  acquired  and  it  can  well 
be  imagined  that  by  this  time  the  Thomas  company  was 
an  important  factor  in  pig  iron  production.  It  is  true 
that  in  the  early  eighties  it  led  the  United  States  in 
merchant  iron  output,  and  was  outranked  in  Pennsyl- 
vania only  by  the  famous  Edgar  Thomson  plant,  and  that 
of  the  Cambria  Iron  Works.  Additional  production  was 
accomplished  through  the  lease  of  the  Lucy  furnace  at 
Glendon  about  1887,  but  as  the  unit  was  a  small  one  it 
was  not  long  retained  by  the  Thomas  interests.  By 
reason  of  the  commanding  position  of  the  company,  its 
monthly  quotations  letters  were  for  many  years  the  means 
of  establishing  the  eastern  iron  market. 

At  the  close  of  the  first  half  century  of  the  career 
of  the  company,  the  number  of  operating  furnaces  had 


contracted  to  nine,  with  an  annual  output,  however,  of 
nearly  100,000  tons  greater  than  in  1884.  This  fact  was 
the  result  of  the  rebuilding  of  numbers  one  and  three 
furnaces  at  Hokendauqua,  so  that  this  plant  Alone  was 
able  to  produce  more  iron  at  this  time  than  was  made 
at  all  the  works  at  the  zenith  of  the  career  of  the  com- 
pany, measured  by  the  number  of  its  furnaces.  The  first 
stack  to  be  reconstructed  was  number  one,  which  was 
accomplished  by  the  tearing  out  of  its  twin  unit,  thereby 
making  room  for  a  modern  steel  shell  of  the  day,  with 
lire  brick  stoves  added  in  1897.  Five  years  later  the 
number  three  furnace  was  rebuilt  in  a  similar  manner, 
while  the  fourth  old  stone  stack  was  abandoned.  Fire 
brick  stoves  were  used  to  replace  the  original  iron  type  at 
number  six  stack,  and  after  many  years  of  good  work 
there,  they  were  removed  to  Alburtis  to  augment  the 
equipment  of  that  plant. 

With  the  coming  of  the  period  of  replacement  of  a 
number  of  small  units  by  larger  furnaces  with  increased 
outputs,  the  Thomas  company  followed  the  order  of  the 
day  by  concentrating  their  improvements  at  Hokendau- 
qua. The  remaining  stacks  of  the  stone  stack  era  were 
abandoned  and  partially  dismantled,  and  skip  hoists  re- 
placed the  hand-tilling  arrangements  of  numbers  one  and 
three  furnaces.  This  improvement  necessitated  a  re- 
arrangement of  the  stocking  system  so  long  in  vogue. 
The  original  layout  of  the  entire  plant  consisted  in  hav- 
ing the  stock  houses  and  casting  sheds  parallel  to  each 
other,  and  at  right  angles  to  both  the  Lehigh  Valley  Rail- 
road and  river.  This  arrangement  was  satisfactory 
in  the  old  days  of  light,  close  coupled  equipment,  but 
with  the  advent  of  modern  ore  and  coke  cars,  the  short 
curves  gave  considerable  trouble.  Each  stock  house  was 
served  by  a  bridge,  carrying  the  tracks  over  those  of 
the  Lehigh  V'alley  road,  which  was  obviously  an  inade- 
quate arrangement,  with  the  further  disadvantage  of 
stock  delivery  on  dead-end  trestles. 

The  policy  of  the  management  of  The  Thomas  Iron 
Company  is  to  centralize  their  operating  activities  at  the 
main  plant  at  Hokendauqua,  utilizing  the  outlying  smaller 
units  for  special  iron  or  for  caring  for  abnormal  de- 
mands of  the  market.  One  of  the  Saucon  stacks  has  re- 
cently been  torn  down,  and  the  Keystone  furnace  was 
sold  during  the  war  period  to  the  Northern  Ore  Com- 
pany, and  the  remaining  units  at  Hellertown  and  Al- 
burtis have  been  put  in  good  operating  condition. 

Reconstruction  of  the  Hokendauqua  plant  has  made 
good  headway  by  the  recent  completion  of  the  rebuilding 
of  the  number  three  furnace,  while  plans  have  been 
made  for  eventually  enlarging  the  number  one  stack, 
thereby  centering  the  work  done  around  the  enlarged  two 
furnace  plant.  Number  three  furnace  as  rebuilt  is  about 
300  feet  north  of  the  remains  of  the  old  stone  stacks, 
and  about  150  feet  south  of  the  number  one.  The  blow- 
ing engine  house,  boiler  plant,  and  pig  casting  machine 
are  along  the  Lehigh  V'alley  tracks  north  of  the  furnace 
sites  and  the  stoves,  dustcatchers  and  gas  washers  are 
west  of  the  furnaces,  immediately  adjacent  to  the  rail- 
road. The  stock  bins  are  east  of  the  furnaces,  and  are 
reached  by  an  elevated  track  crossing  the  Lehigh  V'alley 
tracks  above  grade  at  the  north  end  of  the  plant. 

The  designing  and  rebuilding  program  was  handled 
under  a  general  contract  by  Arthur  G.  McKee  &  Com- 
pany of  Cleveland,  Ohio,  and  was  under  the  direct  super- 
vision of  Mr.  W'.  A.  Barrows,  Jr.,  President,  and  Mr. 
C.  E.  Hulick,  Superintendent  of  The  Thomas  Iron 
Company. 

The  No.  3  stack  was  completely  rebuilt  from  the 
foundation  up.    The  foundation  is  concrete,  octagonal  in 
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plan,  with  foundation  bands  of  reinforcing  rods,  and 
measures  40  feet  short  diameter  at  the  base.  Eight  feet 
of  fire  briclv  bottom  blocks  bring  the  hearth  level  16  ft. 
above  the  general  yard  level. 

The  new  lines  of  the  furnace  give  a  hearth  diameter 
of  16  ft.,  a  bosh  angle  of  79  deg.  55  min.  and  a  height 
of  90  ft.  from  hearth  level  to  top  platfonn.  The  volume 
of  the  furnace  is  17,745  cu.  ft.,  and  the  total  brick  count 
in  the  lining  358,400  9-in.  equivalents.  The  general  ar- 
rangement of  the  furnace  lines,  top  and  skip  bridge  are 
illustrated  in  Fig.  1. 

The  hearth  jacket  is  of  l^i^-in.  plate,  9  ft.  high,  and 
the  tuyere  jacket  of  1-in.  plate  7  ft.  5  in.  high.  A  steel 
plate  bosh  jacket  was  used,  cooled  by  water  sprays, 
eliminating  most  of  the  bosh  cooling  blocks  customarily 
used,  the  former  type  of  construction  being  considered 
preferable  by  The  Thomas  Iron  Company.  A  new  bustle 
pipe  4  ft.  2  in.  in  diameter  was  installed.  The  new  fur- 
nace shell  is  of  y^-m.  plate  throughout,  supported  on  a 
mantel  ring  of  1-in.  plate,  reinforced  with  heavy  angles. 

The  furnace  top  is  equipped  with  a  McKee  Revolv- 
ing Stock  Distributor  with  5  ft.  6  in.  small  bell,  and  11 
ft.  3  in.  cast  steel  large  bell.  The  platform  is  rouglilv 
square  in  plan.  Four  downcomers  of  the  McKee  baf- 
fled type  were  supplied,  with  two  bleeders  and  explosion 
valves.  The  top  platform,  distributor  and  downcomers 
are  well  illustrated  in  Fig.  2. 

The  upper  platform  for  the  bell  operating  rigs  is 
supported  on  the  upper  end  of  the  skip  bridge.  The  bell 
cylinders  are  of  the  horizontal  type,  enclosed  in  struc- 
tural frames.  A  20-ton  trolley  was  installed  for  handling 
the  furnace  distributor  and  bells.  The  increased  height 
of  the  furnace  together  with  the  fixed  location  of  the 
stock  bins  necessitated  a  very  steep  skip  bridge.  It  is  of 
the  through  truss  type  with  yi-m.  deck  plates  and  60-lb. 
A.  S.  C.  E.  rails.  Skip  ropes  are  led  through  the  bridge 
to  the  hoist  engine  directly  below.  Skip  cars  are  of  100 
cu.  ft.  capacity.  The  new  hoist  engine  house  is  of  brick 
on  a  concrete  foundation  spanning  the  hot  metal  running 
track.  The  new  hoist  engine  has  12x14  in.  cylinders 
with  a  60-in.  drum  and  was  built  by  the  Otis  Elevator 
Company. 

The  Pugh  type  75-ton  hot  metal  ladle  cars  were  pro- 
vided. The  new  pig  casting  machine  was  designed  and 
installed  in  a  structure  suitable  for  housing  a  second 
machine  when  found  necessary.  This  machine,  which  is 
of  the  Uehling  type,  was  manufactured  by  the  Pitts- 
burgh Coal  ^^'asher  Company,  and  installed  by  the  Mc- 
Kee Company. 

Additional  power  requirements  were  met  by  the  erec- 
tion of  five  514-hp.  Connelly  boilers.  These  boilers  were 
designed  for  160  lbs.  working  pressure  and  were  erected 
in  batteries  of  two,  provision  being  made  for  the  addi- 
tion of  three  more  boilers  in  the  future.  Boilers  are 
equipped  with  Kling-"\\'eidlein  aspirating  burners  for 
blast  furnace  gas.  Steam  piping  was  installed  by  the 
shown  in  Fig.  .  . .  Steam  piping  was  installed  by  the 
Pittsburgh  Piping  &  Equipment  Company  as  subcon- 
tractors under  the  McKee  Company. 

Three  reciprocating  boiler  feed  pumps  were  installed 
and  a  feed  water  heating  of  6,000  hp.  The  pumping  re- 
quirements of  the  water  purification  plant  were  met  by 
the  installation  of  two  centrifugal  motor  driven  pumps, 
each  with  a  capacity  of  1,000  gallons  per  minute.  A 
water  purification  plant  of  sufficient  capacity  for  the  fur- 
nace plant  was  installed  by  the  Wm.  B.  Scaife  &  Sons 
Company  in  buildings  erected  by  the  McKee  Company. 

Other  additions  and  changes  consisted  of  new  build- 


ings for  pumps,  new  cast  house,  alterations  to  trestles, 
skip  pit  and  bins,  changes  m  gas  mains,  water  and  steam 
piping  and  other  minor  items  necessary  to  make  the  plant 
modern  and  complete  in  every  respect. 


CONFERENCE  ON  NON-FERROUS  ALLOYS 

A  conference  of  the  Advisory  Committee  on  Non- 
Ferrous  Alloys  of  the  Institute  of  Metals  Division  of 
the  American  Mining  and  Metallurgical  Engineers  with 
representatives  of  the  United  States  Bureau  of  Mines 
was  held  at  the  Bureau  of  Mines,  Washington,  D.  C, 
April  25.  This  was  the  second  meeting  held  for  the  pur- 
pose of  developing  a  program  of  co-operation  between 
the  non-ferrous  metal  industries,  as  represented  by  the 
Institute  of  Metals  Advisory  Committee,  and  the  Bureau 
of  Mines,  with  especial  reference  to  the  non-ferrous  work 
of  the  latter  organization. 

The  conference  discussed  the  question  of  the  func- 
tions and  possibility  of  development  of  the  proposed 
Alloys  Research  Association,  now  known  as  the  Alloys 
Research  Information  Service.  As  originally  proposed, 
it  was  the  idea  to  receive  contributions  of  $250  each 
from  firms  in  the  non-ferrous  metal  industry  for  pro- 
moting a  central  information  service.  A  fund  of  840,000 
was  required  for  this  work,  which  would  begin  as  an 
information  and  abstracting  service  and  later  develop 
into  a  central  research  laboratory.  The  feeling  was  that, 
owing  to  the  depressed  industrial  situation,  it  would  not 
be  a  propitious  time  to  push  the  matter.  Members  repre- 
senting industrial  concerns  stated  that  their  companies 
would  be  willing  to  enter  such  an  association  when  con- 
ditions are  better. 

The  work  of  the  Ithaca,  N.  Y.,  station  of  the  Bureau 
of  Mines  on  the  eftect  of  inclusions  on  the  endurance  of 
alloy  steels  was  outlined  by  Dr.  H.  W.  Gillett,  who  men- 
tioned the  rise  of  temperature  test  as  a  method  for  facili- 
tating fatigue  tests  and  showed  the  importance  of  the 
problem  in  both  ferrous  and  non-ferrous  metals. 

The  question  of  refractories  for  the  Ajax-Wyatt  fur- 
nace was  brought  up  by  William  B.  Price  of  the  Scovill 
Manufacturing  Company.  It  was  stated  that  a  number 
of  companies  were  working  on  the  problem,  and  it  was 
suggested  that  their  interests  and  information  be  pooled. 
The  facilities  of  the  ceramic  section  of  the  Bureau  of 
Mines  were  ofi:'ered  as  a  clearing  house  for  information 
in   regard  to   retractories   for  the   furnace. 

Dr.  R.  B.  Moore,  chief  chemist  of  the  Bureau  of 
;\Iines,  outlined  a  proposed  plan  of  investigation  by  the 
steel  industry,  the  Bureau  of  Mines  and  the  Bureau  of 
Standards  in  regard  to  the  efTect  of  inclusions  on  the 
fatigue  resistance  of  steels. 

The  desirability  of  investigating  copper-lead  alloys 
was  discussed. 

R.  J.  Anderson,  metallurgist  of  the  Bureau  of  Mines, 
outlined  the  results  of  recent  work  at  the  Pittsburgh  ex- 
periment station  in  regard  to  (1)  the  conti  action  of  alu- 
minum alloys,  (2)  removal  of  stress  in  brass  tubing, 
and  (3)  heat  treatment  of  cast  non-ferrous  alloys. 

Clyde  E.  Williams,  superintendent  of  the  Northwest 
experiment  station  of  the  Bureau  of  Mines,  Seattle, 
\\'ash.,  gave  an  account  of  experiments  made  on  prepar- 
ing cast  iron  from  sponge  iron  and  steel  scrap  in  the 
electric  furnace,  particularly  as  to  the  eflfect  of  various 
factors  on  the  rate  of  carbon  absorption. 

W.  M.  Corse  of  the  Monel  Metal  Products  Cor- 
poration brought  up  the  question  of  centrifugal  casting 
and  suggested  that  the  investigation  of  the  process  might 
properly  fall  within  the  scope  of  the  Bureau  of  Mines. 
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The  Hot  Rolling  of  Gears 

Recent  Development  and  Perfection  of  a  Process  Whereby  the 
Successful  Production  of  Gears  by  Rolling  Blanks  Heated  to  a 
Forging  Temperature  Is  Made  Possible. 

By  REGINALD  TRAUTSCHOLD,  M.E. 
Consulting  Engineer* 


ALTHOUGH  the  reduction  of  gears  has  in  the  past 
l)een  primarily  in  the  province  of  the  machinist, 
the  recent  development  and  perfection  of  a  proc- 
ess based  on  a  well  known  principle  has  brought  it  with- 
in that  of  the  forger — through  the  successful  production 
of  gears  by  rolling  blanks  heated  to  a  forging  tempera- 
ture. This  accomplishment  has  long  been  recognized  as 
theoretically  possible  and  was  attempted  as  early  as  1872 
by  John  Comley,  who  endeavored,  but  unsuccessfully,  to 
mold  gear  teeth  on  a  heated  blank  by  a  knurling  process. 
Several  more  recent  attempts  to  produce  gears  by  the 
same  or  a  similar  process  were  equally  unproductive  of 
results,  the  failure  in  each  case  being  due  to  the  fact  that 
the  inevitable  slippage  which  occurred  was  overlooked 
and  no  attempt  was  made  to  counteract  it.  In  all  these 
early  experiments  only  one  of  the  functioning  shafts  of 
the  rolling  apparatus  was  positively  driven.  As  the  ro- 
tation of  the  die  roll  was  thus  entirely  dependent  on  that 
of  the  blank  or  vice  versa,  the  resulting  slip  between 
the  two  caused  serious  distortion  of  the  teeth  on  the 
molded  gear  and  destroyed  accuracy  in  tooth  spacing. 

The  one  additional  factor  necessary  to  the  successful 
development  and  perfection  of  a  gear  rolling  process  was 
neglected  until  some  10  years  ago  when  H.  N.  Ander- 
son conceived  the  idea  of  positively  actuating  both  of 
the  functioning  shafts  and  accurately  synchronizing  their 
rotation  by  means  of  suitable  timing  gears.  Experiments 
with  this  improved  apparatus  conclusively  demonstrated 
that  it  eliminated  entirely  the  slippage  between  the  die 
roll  and  the  blank,  and  the  resulting  distortion  which 
had  caused  the  failure  of  previous  attempts  to  roll  gears. 
Mr.  Anderson's  idea  in  developing  his  process  and  con- 
structing his  first  machine  was  merely  to  replace  the  pre- 
liminary gashing  operation  of  the  prevalent  method  of 
gear  cutting  and  then  to  finish  the  gears  by  the  usual 
grinding  processes.  However,  the  first  machine,  com- 
pleted in  1911,  not  only  proved  successful  in  molding 
accurately  spaced  teeth,  but  also  teeth  so  perfectly  that 
any  further  finishing  of  the  teeth  was  unnecessary.  This 
initial  achievement  won  for  him  the  award  of  the  John 
Scott  Legacy  Medal  by  the  Franklin  Institute  in  1915. 

The  Die  Roll  Problem. 

The  problem  of  ultimate  perfection  of  the  process 
thus  became  primarily  one  of  developing  a  system  of 
die  rolls  which  would  form  perfect  and  efficient  gears 
with  a  high  degree  of  accuracy  at  low  cost  and  which 
could  be  redressed  when  necessary  without  affecting  the 
precision  of  form  of  the  molded  teeth.  The  perfection 
of  such  a  system  of  dies  and  their  adaptation  to  use  on 
a  practical  and  efficient  machine  operating  on  the  princi- 
ple evolved  have  now  made  feasible  the  commercial  pro- 
duction of  gears  by  a  true  molding  process. 

♦The  Anderson  Rolled  Gear  Company. 


The  solution  of  the  problem  of  dies  olTered  little 
difticulty,  as  the  plane  sided  tooth  of  the  standard  in- 
volute rack  and  the  characteristic  tooth  of  the  standard 
crown  gear,  for  rolling  spur  and  bevel  type  gears  respec- 
tively, met  all  requirements  of  economy  and  precision 
in  production  of  the  dies  and  of  ease  and  economy  in 
refinishing.  These  two  forms  proved  readih-  adaptable 
for  the  production  of  all  types  of  gearing  in  commer- 
cial use,  and  of  several  other  types,  such  as  the  bevel 
herringbone,  which  is  not  possible  of  production  by  any 
cutting  process. 

The  Rolling  Process. 

In  the  actual  process  of  rolling  gears,  the  blank, 
heated  to  a  temperature  of  from  2000  to  2100  deg.  F.,  is 
mounted  on  the  work  arbor  of  the  rolling  machine  and 
securely  clamped  in  place  by  means  of  a  powerful  auto- 
manipulation. The  arbors  carrying  the  die  roll  and  the 
heated  blank  are  actuated  by  suitable,  heavy  timing  gears 
and  the  die  and  blank  are  rolled  together  in  S3-nchro- 
nized  contact  under  a  rolling  pressure  of  from  10  to  20 
tons.  At  the  start  of  the  rolling,  the  die  is  clear  of  the 
blank,  but  advances  gradually  until  the  teeth  of  the  die 
have  penetrated  the  blank  to  their  full  depth.  This  ad- 
vancement is  accomplished  by  means  of  smooth  posi- 
tive cam  action  which  produces  a  regular  constant  pro- 
gression of  the  die  until  very  near  the  point  of  full 
penetration,  and  then  a  somewhat  slower  progression 
until  the  die  and  molded  gear  are  full}-  engaged.  The 
action  of  this  cam  mechanism  is  so  timed  as  to  effect  full 
penetration  of  the  die  roll  teeth  just  before  the  blank 
has  cooled  to  its  critical  temperature  and  then  to  per- 
mit continued  rolling  with  no  die  advancement  until  the 
blank  has  cooled  somewhat  below  this  temperature,  the 
final  stage  of  the  process  serving  to  planish  and  polish 
the  teeth  formed. 

As  the  rolling  is  done,  as  a  rule,  at  speeds  varying 
from  400  to  700  revolutions  per  minute,  it  is  obvious 
that  the  advance  of  the  die  roll  per  revolution  is  very 
slight.  This  fact  assures  a  very  thorough  kneading  and 
working  down  of  the  metal  of  the  blank  and  permits 
the  easy  and  free  flow  of  the  metal  as  it  is  displaced 
and  built  up  by  the  die.  The  fact  that  both  the  die  roll 
and  the  blank  are  positively  driven  and  accurately  syn- 
chronized assures  the  die  teeth  penetrating  the  blank 
radially  at  exactly  the  same  point  on  each  revolution. 
etTectively  guarding  against  any  tooth  distortion  in  the 
finished  product. 

Cooling  the  Dies. 

During  the  rolling  operation  the  die  drill  is  cooled 
by  a  stream  of  water  directed  against  its  face  at  a  point 
opposite  to  that  of  contact  with  the  blank.  This  cool- 
ing, in  view  of  the  fact  that  the  entire  rolling  consumes 
less  than  15  seconds,  prevents  the  temperature  of  the 
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die  rising  above  that  easily  bearable  to  the  hand.  The 
chilling  effect  of  the  comparatively  cold,  wet  die  roll  on 
the  hot  blank  causes  a  rapid  contraction  of  the  heated 
blank  and  consequent  loosening  of  the  forging  scale  as  it 
is  formed.  The  loosened  scale  is  then  thrown  free  by  the 
centrifugal  force  due  to  thq  high  speed  of  rotation  of 
the  blank.  Since  the  rolling  is  continued  until  after  the 
blank  has  cooled  below  the  critical  temperature,  or  in 
other  words,  until  after  the  formation  of  forging  scale 
has  ceased,  the  finished  gears  are  entirely  free  from  scale 
and  the  formed  teeth  are  not  only  perfectly  shaped  and 


The  action  then  automatically  reverts  to  high  speed 
direct  rolling  for  the  planishing  effect.  The  oscillating 
methods  tend  to  effect  displacement  and  building  up  to  a 
somewhat  more  equal  and  constant  degree  on  both  sides 
of  the  teeth  than  if  rolling  in  one  direction  is  main- 
tained, thereby  producing  a  more  perfectly  symmetrical 
tooth  form. 

Forms  of  Die  Rolls. 

But  two  forms  of  die  rolls  are  necessary  for  rolling 
ail   types  of  gears   in  general  commercial  use.     For  all 
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Fig.   1 — Front  and  side  view  of  bevel  ring  gear   (K)   machine. 


unmarred  by  scale  blemishes,  but  are  highly  polished  on 
all  contact  surfaces. 

No  further  finishing  operations  are  required  except 
on  the  bore  and  faces  of  the  hubs  and  on  the  ends  of 
the  teeth.  For  these  operations,  which  may  be  easily 
and  semi-automatically  performed  on  standard  machines, 
the  gears  are  chucked  on  the  accurately  rolled  teeth, 
thus  assuring  perfect  centering. 

Oscillating  Attachment. 

In  r)rdcr  to  attain  the  highest  degree  of  precision  in 
the  form  of  the  teeth  molded,  machines  designed  for  the 
production  of  the  most  accurate  gears  are  equipped  with 
additional  mechanism  for  frequently  and  automatically 
reversing  the  rotation  of  the  die  and  blank.  This  fre- 
quent reversing  or  oscillation,  at  somewhat  reduced 
speeds,  varying  from  80  to  200  revolutions  per  minute, 
is  maintained  during  the  forming  of  the  molded  teeth 
and  until  the  die  is  within  0.01  inch  of  full  penetration. 


spur  gears  the  adopted  master  form  tooth  is  that  of  the 
standard  involute  rack,  simply  wrapped  around  the  pitch 
circumference  of  the  die  roll,  irrespective  of  the  diameter 
or  number  of  teeth.  The  high  degree  of  precision  at- 
tainable in  the  formation  of  these  dies — they  are  the  form 
most  easily  and  accurately  reproduced  by  mechanical 
means — assures  a  corresponding  perfection  in  the  teeth 
formed  on  the  molded  gears.  The  profile  curvatures  of 
teeth  so  molded  obviously  differ  slightly  from  those  of 
the  standard  involute  system,  thus  sacrificing  that  theo- 
retical advantage  attributed  to  involute  gears,  of  a  slight 
axial  adjustment  without  impeding  the  functioning  of 
the  combination.  The  loss  of  this  advantage  is,  however, 
of  small  consequence  as  it  is  of  little  or  no  value  in 
actual  practice.  In  the  first  place,  gears  in  actual  use  are 
almost  invariably  mounted  on  shafts  in  fixed  positions; 
secondly,  the  inherent  inaccuracies  of  cut  involute  gears 
are  undoubtedly  sufficient  to  destroy  any  practical  ad- 
vantage of  possible  adjustment.     In  any  event  this  char- 
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acteristic   is  of   negligible  importance   compared   to   the 
economic  advantages  of  the  simple  die  roll  tooth  design. 

The  master  form  of  die  tooth  is  applicable  to  the 
formation  of  helical  or  spiral  spur  gears  by  making  the 
tooth  spaces  of  the  die  in  the  form  of  oblique  straight 
cuts  across  its  face,  although  the  resulting  tooth  spaces 
are  somewhat  deeper  at  the  center  than  at  the  ends.  On 
gears  molded  from  these  dies  the  teeth  are,  of  course, 
somewhat  shorter  and  heavier  at  the  ends  than  at  the 
center,  but  gears  so  formed  are  actually  stronger  than 
gears  of  the  same  pitch  with  teeth  of  uniform  dimen- 
sions, as  the  great  central  tooth  depth  tends  to  increase 
the  arc  of  contact  at  the  center  of  the  face. 

Herringbone  gears  may  be  as  accurately  and  cheaply 
produced  as  the  other  types  by  the  simple  expedient  of  a 
compound  die  roll,  made  up,  to  enable  easy  redressing, 
of  two  helical  die  rolls  of  opposite  spiral  angle,  keyed 
and  securely  bound  together  when  functionms;,  and 
readily  taken  apart  for  separate  refinishing  of  the  two 
halves.  Accurate  alignment  of  the  two  parts  of  these 
dies  produces  the  monolithic  teeth  essential  to  maximum 
strength.  Not  only  can  perfect  herringbone  spur  gears 
be  formed  by  this  method,  but  application  of  compound 
die  rolls  to  bevel  gear  rolling  produces  as  readily  and  as 
cheaply  a  bevel  herringbone  gear,  which  can  be  made  by 
no  other  method,  and  may  conceivably  prove  of  even 
greater  value  in  machine  construction  than  the  herring- 
bone gear  of  the  spur  type. 

For  the  production  of  all  types  of  bevel  gearing  the 
crown  gear  form  of  tooth  is  used  and  in  many  cases  a 
crown  gear  type  of  die  roll.  If.  however,  the  gear  to  be 
rolled  is  to  be  of  a  given  number  of  teeth  of  a  certain 
pitch,  such  as  the  standard  pitches  now  in  general  use. 
its  diameter  is  also  definitely  fixed.  As  the  diameter  of 
a  crown  type  die  roll  is  established  by  the  length  of  the 
conical  element  of  the  gear  to  be  rolled,  it  is  apparent 
that  the  circumference  of  the  crown  gear  die  roll  may  not 
be  commensurably  proportional  to  that  of  the  blank.  The 
crown  gear  die  roll  would  not,  therefore,  accommodate 
a  full  number  of  teeth  of  the  given  pitch,  but  this  may 
be  overcome  by  the  use  of  a  flat  bevel  die  roll,  shorten- 
ing the  diameter  of  the  die  until  it  is  commensurably  pro- 
portional to  that  of  the  gear  blank. 

Die  Roll  Proportions. 

As  the  actual  operation  of  molding  the  plastic  gear 
blank  ceases  when  the  blank  has  cooled  to  just  below 
its  critical  temperature  and  before  there  is  any  appre- 
ciable increase  in  the  temperature  of  the  die  roll,  it  is, 
of  course,  necessary  to  design  and  proportion  the  dies  for 
molding  gears  at  that  critical  temperature.  Conse- 
quently, the  dies  must  all  be  somewhat  oversize  as  com- 
pared with  the  finished  gears  at  normal  temperatures. 
In  designing  the  dies  this  allowance  for  shrinkage  can 
be  determined  only  empirically,  but  the  laws  governing 
the  action  of  metals  under  variations  of  temperature  and 
the  coefficients  of  expansion  have  been  so  accurately 
established  that  a  high  degree  of  precision  in  proportion- 
ing the  dies  is  possible,  the  gears  produced  being  more 
accurate  in  spite  of  this  shrinkage  allowance  than  those 
produced  by  any  of  the  cutting  methods.  Die  rolls  prop- 
erly made  and  proportioned  as  above  should  produce  at 
least  500  accurately  rolled  gears  before  any  wear  is 
apparent. 

Dressing  Die  Rolls. 

All  types  and  sizes  of  die  rolls  having  the  master  form 
of  tooth  can  be  very  easily  redressed  whenever  it  is 
made  necessary  by  wear.     It  might,  however,  seem  that 


this  redressing  in  the  case  of  dies  of  the  spur  type  would 
introduce  inaccuracies  in  the  product  due  to  the  inevitable 
slight  reduction  in  the  diameter  of  the  die.  This  would 
undoubtedly  be  true  if  the  speed  of  functioning  shaft 
rotation  were  not  controlled  by  the  heavy  timing  gears, 
that  is  if  the  blank  were  not  driven  in  synchronized  con- 
tact with  the  die  roll.  As  it  is,  the  angular  distance  the 
teeth  molded  on  the  blank  remains  constant,  regardless  of 
any  slight  reduction  of  the  diameter  of  the  die  or  the 
thickness  of  the  die  teeth.  The  only  effect  of  this  modi- 
fication, if  appreciable  at  all,  is  to  produce  a  slight  creep 
between  the  die  roll  and  the  blank,  which  does  not  appre- 
ciably aft'ect  the  profile  curvature  or  the  thickness  of  the 
molded  teeth.  Even  a  quite  considerable  amount  of  creep 
may  be  successfully  absorbed  by  a  reduction  in  the  thick- 
ness of  the  die  roll  teeth  sufficient  to  maintain  a  constant 
width  of  die  roll  tooth  spaces. 

This  modification  of  die  roll  proportions  in  redressing 
is'  entirely  unnecessary  in  the  case  of  the  crown  or  flat 
bevel  type  of  die  as  the  grinding  does  not  afTect  the 
diameter  of  these  types. 

Shrouded  Gears. 

All  die  roll  faces  are  somewhat  narrower  than  those 
of  the  gear  blanks,  thus  producing  gears  partially  or 
wholly  shrouded.  Consequently,  if  it  is  desired  to 
strengthen  the  weaker  member  of  a  pair  of  gears,  the 
shroud  may  be  left  on,  either  entirely  or  partially,  or 
the  shrouds  on  the  two  gears  may  be  so  proportioned  as 
to  equalize  the  strength  of  the  two  and  greatly  increase 
that  of  the  combination.  The  increase  in  strength  can- 
not well  be  definitely  established,  but  considering  also 
the  greater  inherent  strength  of  rolled  teeth,  it  is  prob- 
ably a  conservative  assumption  that  shrouded  gears  can 
be  proportioned  and  rolled  which  possess  double  the 
strength  of  ordinary  cut  gears  of  the  same  pitch. 

Greater  Inherent  Strength. 

The  greater  inherent  strength  of  rolled  gears  is  due 
to  the  eft'ect  on  the  structure  of  the  metal  of  rolling  at 
high  temperature  and  under  high  pressure.  This  pres- 
sure and  the  thorough  kneading  action  of  the  die  teeth 
while  the  metal  is  in  a  plastic  state,  in  addition  to  build- 
ing up  and  compressing  the  metal  into  the  formed  teeth, 
gradually  breaks  up  the  normal  coarser  crystalline  struc- 
ture and  produces  a  dense,  thoroughly  worked  metal  of 
almost  fibrous  characteristics.  The  minute  crystals  are 
rearranged  in  a  truss  formation  following  the  per- 
iphery of  the  finished  gear,  thus  tying  the  teeth  to  the 
body  of  the  gear  and  equalizing  the  structural  strains. 
In  fact,  the  reduction  of  internal  structural  strains  is  so 
marked  that  no  distortion  whatever  occurs  in  subsequent 
heat  treament  of  the  gears  and  it  has  even  been  found 
unnecessary  to  use  any  clamps  to  hold  the  gear  true 
when  quenching. 

The  modified  metal  structure  also  materially  increases 
the  hardness  and  wearing  qualities  of  the  gear  teeth  and 
assures  a  more  uniform  result  from  case  hardening  or 
other  heat  treatment.  Exacting  laboratory  tests,  con- 
firmed by  service  tests  under  the  most  severe  operating 

Machine  Cut  Gears    Hot   Rolled  Gears 

Normal  Condition 

Yield  point    6470  lbs.  7918  lbs. 

Ultimate  strength   12250  lbs.  13645  lbs. 

Hardness    22  26 

Case  Hardened 

Yield  point    13529  lbs.  14750  lbs. 

Ultimate  strength  17250  lbs.  191.30  lbs. 

Hardness    87  85 

Depth  of  case  0.027  in.  0.035  in. 
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conditions,  have  shown  an  average  superiority  for  rolled 
gears  of  25  per  cent  in  strength  and  20  per  cent  in  hard- 
ness, as  shown  in  the  tables. 

Economy  of  Gear  Rolling. 

In  addition  to  the  decided  superiority  in  strength  and 
hardness  in  the  gear  teeth  produced,  the  process  itself 
effects  a  very  considerable  saving  in  the  cost  of  quantity 
production  of  gears,  as  compared  with  that  of  the  ap- 
proved cutting  methods  under  even  the  most  favorable 
of  conditions.  This  saving  applies  in  varying  degrees 
to  the  cost  of  material,  labor,  overhead,  and  equipment 
investment. 

As  the  rolling  process  is  essentially  one  of  displace- 
ment and  building  up,  rather  than  of  cutting  away,  of  the 
metal,  the  blanks  may  be  so  proportioned  as  to  require 
the  removal  of  a  minimum  weight  of  metal  in  finishing 
the  hubs  of  the  gears  and  the  ends  of  the  teeth.  The 
saving  in  actual  weight  of  metal  in  the  rough  gear  blanks 
thus  effected  ranges  from  20  to  40  per  cent  of  that 
scrapped  from  blanks  for  the  same  sizes  of  cut  gears. 

The  largest  machine  so  far  developed  can  be  easily 
handled  by  two  men,  an  operator  and  a  helper,  the  actual 
operation  of  the  machine  being  entrusted  to  the  operator, 
leaving  the  helper  to  tend  the  heating  furnace,  heat  the 
gear  blanks  and  feed  them  to  the  machine.  Intelligent 
laborers  under  the  direction  of  a  capable  foreman  can 
readily  be  trained  to  the  efficient  performance  of  either 
function.  When  it  is  realized  that  the  actual  time  of 
rolling  the  largest  gears  is  less  than  15  seconds,  the  sav- 
ing in  labor  costs  by  the  rolling  process  may  be  appre- 
ciated. It  is  only  limited  by  the  degree  of  dexterity  at- 
tained by  the  crew  and  a  production  rate  of  80  or  90 
finished  gears  per  hour  can  be  readily  attained  and  main- 
tained. The  time  saving  in  the  actual  tooth  forming 
operation  alone,  over  the  fastest  method  of  accurate  gear 
cutting,  is  from  90  to  95  per  cent  or  even  higher,  while 
the  saving  in  the  production  of  completed  gears  ranges 
from  20  to  as  high  as  80  per  cent. 

This  advantage  in  rate  of  production  effects,  as  well, 
a  very  substantial  saving  in  initial  equipment  invest- 
ment— the  average  being  50  per  cent  or  more  for  all 
equipment  necessary  to  finish  the  gears  completely  and 
about  75  per  cent  for  the  equipment  needed  in  simply 
finishing  the  gear  teeth.  For  a  daily  production,  such 
as  might  be  needed  by  a  large  manufacturer  of  automo- 
biles, of  700  bevel  ring  gears,  700  bevel  pinions,  700  miter 
bevel  gears  and  1400  spur  gears,  for  example,  the  follow- 
ing figures  showing  the  actual  cost  of  the  equipment 
necessary,  demonstrate  the  magnitude  of  the  saving 
effected  by  the  rolling  process. 


Cutting    Process 

$508,500.00 


TOTAL  EQUIPMENT  COST 
Hot    Rollins    Process 


h;n-ing 


$234,050.00 53.97% 


TOOTH  FORMING  EQUIP.MENT  ONLY 

Generating  and  Furnaces  and 

Gashing   Machines         Rolling   Machines 


Saving 


$362,500.00 


$91,500.00 74.76% 


This  saving  is  obviously  due,  for  the  greater  part,  to 
the  smaller  number  of  machines  required  to  maintain  any 
given  rate  of  production  by  the  rolling  process  and  is  re- 
flected to  a  proportional  degree  in  the  saving  in  the  floor 
space  or  the  investment  in  buildings  required.  This  is 
in  itself  no  inconsiderable  factor,  particularly  where  ex- 
isting plant  facilities  are  inadequate. 

To  sum  up  the  economies  accomplished  by  the  An- 
derson process  of  gear  rolling — the  saving  of  about  50 
per  cent  in  equipment  investment,  the  25  to  80  per  cent 
reduction  in  labor  costs  and  the  20  to  40  per  cent  reduc- 


tion in  waste  material,  combine  to  produce  a  saving  in 
the  total  cost  of  production  of  completed  gears  amount- 
ing, at  a  conservative  estimate,  to  from  20  to  40  per  cent. 
As  the  rolling  process  is  essentially  a  true  molding  and 
a  true  development  process,  while  the  most  accurate  and 
efficient  cutting  method,  the  generating  process,  consists 


Fig.  2 — Die,  blank  and  timing  gears,  bevel  ring  gear  (K) 
machine. 

of  two  entirely  unrelated  movements,  rotation  of  the 
blank  and  intermittent  transverse  cutting  action,  which 
can  not  be  absolutely  co-ordinated,  it  is  obvious  that 
rolled  gears  must  inevitably  possess  a  greater  degree  of 
accuracy  and  symmetry  of  tooth  form  and  smoothness  of 
finish.  These  factors  directly  affect  the  wearing  quali- 
ties and  efficiency  in  power  transmission  attainable  in 
gear  trains,  which,  considered  in  conjunction  with  the 
very  material  decrease  in  the  cost  of  production  and  the 
gain  in  structural  strength  of  from  25  per  cent  to  as  high 
as  100  per  cent,  in  the  case  of  shrouded  gears,  would 
seem  to  justify  the  assumption  that  the  Anderson  process 
promises  to  attain  universal  adoption  wherever  economy 
in  quantity  production  of  accurate  gears  is  desired,  and 
eventually  to  improve  greatly  the  finish,  wearing  quali- 
ties and  efficiency  of  gears  in  general  commercial  use.  In 
fact,  Mr.  Anderson's  invention  of  a  practical  gear  rolling 
machine  and  the  development  of  it,  as  now  attained,  un- 
doubtedly represent  one  of  the  most  revolutionary  de- 
velopments in  the  mechanic  arts  in  recent  years. 

INFORMATION   REGARDING  TECHNICAL 
SOCIETIES. 

The  frequency  of  requests  for  information  concern- 
ing scientific  and  technical  societies  has  emphasized 
the  need  for  a  source  from  which  this  information  may 
be  quickly  obtained. 

The  Technology  Department  of  the  Carnegie  Library 
of  Pittsburgh  is  meeting  this  need  through  maintenance 
of  a  card  file  of  national  societies  of  this  type.  The 
cards,  in  so  far  as  the  information  is  available,  contain 
the  official  name  of  the  society,  the  names  and  addresses 
of  president  and  secretary,  date  of  annual  meeting,  and 
the  official  "organ,"  or  publication.  A  supplementary  file 
lists  those  serials  which  regularly  publish  advance  no- 
tices of  national,  state  and  local  meetings. 

Tt  is  desired  to  make  this  file  complete  for  all  scientific 
and  technical  societies  in  Pennsylvania  and  to  include  all 
sections  of  national  and  state  societies  having  headquar- 
ters in  Pittsburgh.  To  this  end,  the  co-operation  of  local 
secretaries  is  urged.  Please  send  information  to  E.  H. 
McClelland,  Technology  Librarian,  Carnegie  Library  of 
Pittsburgh. 
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Control  of  Silicon  in  the  Blast  Furnace 

Discussion  Showing  How  the  Composition  of  the  Iron  Is  Regu- 
lated by  Varying  the  Composition  in  General  of  the  Charge  and 
by  Controlling  the  Temperature  of  the  Hearth. 

By  S.  L.  GOODALE 
Professor  of  Metallurgy,  School  of  Mines,  University  of  Pittsburgh 


EVERY  modern  blast  furnace  is  operated  to  produce 
some  definite  kind  of  iron  at  any  particular  time. 
In  order  to  maintain  the  furnace  product  within  the 
narrow  range  of  composition  required  for  each  particu- 
lar use  it  is  necessary  to  maintain  the  operation  of  the 
furnace  uniform  within  very  narrow  limits. 

The  controlling  factors  in  regard  to  kind  of  iron  to 
be  made  are  the  temperature  of  the  operation — and  this 
refers  mainly  to  the  temperature  of  the  hearth  where 
the  finishing  reactions  occur — the  composition  of  the 
raw  materials  used,  and  the  proportioning  of  the  vari- 
ous ingredients  of  the  charge.  And  when  all  of  these 
factors  are  right  to  produce  the  desired  iron  it  is  fur- 
thermore very  necessary  that  they  should  be  kept  right 
so  that  the  furnace  shall  continue  to  operate  uniformly 
and  not  be  subject  to  changes  of  conditions.  The  com- 
mercial requirement  of  low  cost  must  always  be  strictly 
observed.  We  will  discuss  certain  of  these  controlling 
factors,  first  taking  up  a  number  of  mechanical  phases 
that  contribute  to  the  uniformity  of  operation,  and  then 
taking  up  the  chemistry  of  the  process  and  discussing 
how  the  composition  of  the  iron  is  regulated  by  vary- 
ing the  composition  in  general  of  the  charge,  and  by  con- 
trolling the  temperature  of  the  hearth,  and  explain  some 
matters  concerning  temperature  control.  By  the  term 
hearth  is  here  meant  all  and  only  that  part  of  the  lower 
inside  volume  of  the  furnace  where  the  coke  is  being 
actively  burned  by  the  blast  and  the  iron  and  slag  are 
melting.  The  lowest  portion  inside  where  iron  and  slag 
collect  may  be  distinguished  bv  the  term  crucible. 

The  basic  jM-inciple  of  the  blast  furnace  may  be  said 
to  consist  in  the  subjection  of  the  iron  ore  to  the  action 
of  certain  reagents  at  temperatures  gradually  increasing 
up  to  that  of  the  hearth.  The  chief  reagents  employed 
are  the  carbon  monoxide  formed  by  combustion  of  the 
carbon  of  the  coke  with  the  oxj'gen  of  the  blast,  the 
carbon  of  the  coke  acting  directly,  and  the  slag  forming 
portions  of  the  charge.  Two  main  objects  are  sought, 
first,  to  produce  pig  iron  of  the  composition  desired,  and 
at  the  lowest  unit  cost  possible,  and,  second,  to  eliminate 
the  gangue,  or  surplus  material  which  occurs  naturally 
with  the  ore,  limestone  and  coke,  as  cheaply  as  may  be. 
This  latter  retjuirement  necessitates  the  fusion  of  all 
this  material  into  a  slag  as  the  only  practicable  way  of 
handling  it. 

The  mechanical  control  of  the  process  referred  to  is 
directed  to  securing  the  thorough,  interaction  of  the 
stream  of  gases  rising  in  the  furnace  with  the  slow  stream 
of  solid  and  liquid  materials  descending  through  the 
same  space.  Channeling  must  be  avoided.  The  charg- 
ing of  the  furnace  must  follow  a  regular  routine  which 
will  secure  such  a  distribution  of  the  various  sized  par- 
ticles of  the  charge  over  the  top  of  the  charge  column  as 
to    start    the    material    down    through    the    furnace    with 


practically  the  same  open  area  for  the  gases  to  pass 
through  in  any  one  part  as  in  any  other.  This  distribu- 
tion must  be  correct  in  two  ways,  first,  radially,  and, 
second,  circumferentially.  Good  distribution  is  not  al- 
ways easy  to  secure,  although  much  effort  has  been  ex- 
pended on  this  matter  and  the  apparatus  in  use  has  been 
developed  through  years  of  experimenting  and  study. 

It  is  also  advisable  to  have  the  materials  of  the  charge 
in  such  a  state  of  plwsical  division  that  they  will  work 
their  way  fairly  regularly  down  through  the  furnace, 
this  meaning  that  the  pieces  charged  should  be  neither 
too  large  nor  too  small,  but  of  about  a  similar  size 
throughout.  It  is  bad,  and  may  be  disastrous,  for  cer- 
tain parts  of  the  charge  to  be  so  fine  as  either  to  be  blown 
out  of  the  top  of  the  stack  by  the  blast  of  gases,  the  gases 
having  a  very  high  carrying  power  for  dust  at  that  point 
because  of  their  high  velocity,  or  to  run  ahead  of  the 
other  parts  of  the  same  charge  because  of  being  so  fine 
as  to  slip  down  through  between  the  larger  pieces  of 
stock.  Some  materials  tend  strongly  to  run  ahead,  in 
fact,  certain  fine  dry  powdered  material  will  flow  almost 
like  water,  especially  when  hot. 

It  is  as  necessary  to  distribute  the  blast  over  the  full 
area  of  the  hearth  as  it  is  to  distribute  the  .solid  charges 
over  the  full  area  of  the  throat  of  the  furnace.  A  good 
distribution  of  the  blast  is  much  more  nearly  obtained  by 
the  original  design  of  the  furnace  being  fitted  to  its  ex- 
pected operating  conditions  than  is  a  good  charge  distri- 
bution. The  blast  must  penetrate  to  the  center  of  the 
furnace  at  or  nearly  at  the  tuyere  level,  and  this  is  a 
distance  of  10  feet  in  some  large  modern  furnaces.  This 
space,  moreover,  is  occupied  with  a  mass  of  solid  coke. 

We  will  assume  that  these  mechanical  features  have 
been  so  controlled  that  all  parts  of  the  charge  reach  the 
various  levels  of  the  furnace  on  their  way  from  the  top 
to  the  hearth  together  as  charged,  except  that,  whereas 
the  charge  was  introduced  in  layers  of,  say,  coke  first, 
then  stone  and  then  ore,  when  the  charge  has  gotten  a 
few  feet  down  into  the  furnace  these  layers  will  have 
mixed  more  or  less.  We  will  further  assume  that  the 
stock  is  everywhere  distributed  so  as  to  be  uniformly 
acted  on  by  the  gas  over  the  whole  of  the  area  of  each 
level,  and  that  the  blast  and  gases  are  also  uniformly  dis- 
tributed in  a  similar  way  to  act  on  the  charge. 

Then  the  purpose  of  this  paper  is  to  set  forth  briefly 
some  of  the  fundamental  chemistry  of  the  process,  and 
how  this  may  be  utilized  to  control  the  operation  to  secure 
a  desired  result,  and  particularly  with  regard  to  silicon. 
In  a  later  paper  it  is  intended  to  set  forth  something  of 
the  eft'cct  of  silicon  in  the  iron  it.self,  and  of  the  reasons 
for  the  importance  of  this  element. 

The  fundamental  chemistry  of  the  operation  can  be 
stated  roughly  in  a,  broad,  over-all  sort  of  way  in  a 
scries  of  fairlv  definite  typical  reactions  which  consider 
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only  the  raw  materials  and  the  finished  products,  or  the 
products  at  some  fairly  definite  stage  of  the  operation. 
For  the  present  purposes  we  may  deal  with  certain  parts 
of  the  chemistry  in  about  this  way.  In  the  upper  part 
of  the  shaft  of  the  furnace  most  of  the  reduction  of  the 
iron  oxides  of  the  ores  to  iron  is  accomplished,  and  this 
is  mostly  done  by  the  carbon  monoxide  taking  up  this 
oxygen  from  the  oxides  of  iron  and  becoming  carbon 
dioxide  with  a  considerable  evolution  of  heat.  In  some 
cases  of  easily  reducible  ores  the  reduction  of  the  iron 
oxides  to  iron  is  practically  complete  within  the  upper 
levels — perhaps  the  upper  fourth — of  the  shaft:  in  other 
cases  a  notaljle  part  of  these  reductions  is  left  to  be 
completed  at  the  higher  temperature  and  in  the  purer 
carbon  monoxide  of  the  hearth.  Still  other  furnaces 
will  run  with  intermediate  conditions  in  this  respect. 

These  typical  reactions  may  be  formulated  about  as 
follows,  but  it  should  be  remembered  that  the  reactions 
as  stated  are  only  types,  and  are  not  to  be  thought  of  as 
giving  in  any  complete  way  an  idea  of  what  goes  on. 


250°C. 

250  °C. 

250°C. 

400°C. 

5  SOT. 

600  "C. 

700°C. 

800  °C. 

800°C. 

1000°C. 

CO.,  caimot 

Smelting     9 

Zone      "    10 

11 

12 


Fe„0 

2Cb 

Fe.,0 

Fe.,0 

C 


+  SCO 

+  CO 
-I-  3C 
+  CO„ 


->  3CO.,  +  2Fe 

-y   coI  -J-  c 

->  2Fe6  +  CO„ 
->  2Fe  -h  3C6 
■>  2CO         (rapid) 


Deposition  of  carbon  ceases. 

FeO      +  C        >  Fe  +  CO  (begins) 

FeO         4-    C  ^   Fe  +  CO    (complete) 

CaCO.,  >  CaO     +  CO., 

C  +  CO, y  2CO         (prevails) 

exist  below  the  level  of  this  temperature. 

SiO.,    +  2C  >  Si      +  2CO 

FeS     +  CaO  +  C >  CaS+Fe+CO 

MnO.,  +  2C  y  Mn   4-  2CO 

P,0/+5C  ->2P    4-  SCO 

T.Tble  Miiaptcil  from  StauKlitoii's  "Tlie  Metallurg.v  of  Iron  .Tnd 
Steel." 

This  deoxidaton  of  the  ore  oxides  takes  place  in  ac- 
cordance with  the  chemical  law  of  mass  action,  etc.,  and 
to  an  extent  which  depends  on  the  time  during  which  the 
reagents  act.  When  we  have  at  a  high  temperature  a 
mixture  of  iron  ore,  carbon  and  air  or  the  products  of 
combustion  of  carbon  with  a  limited  amount  of  air  this 
law  of  chemistry  teaches  that  the  materials  will  tend  to 
react  with  each  other  until  there  is  a  certain  ratio  be- 
tween the  amounts  of  carbon  monoxide  and  carbon  di- 
oxide present,  which  will  be  unchanged  so  long  as  the 
temperature  and  pressure  are  maintained,  and  unless  or 
until  any  of  the  reacting  substances  is  used  up. 

In  general,  those  reactions  will  take  place  between 
the  elements  of  any  reacting  group  which  will  result  in 
the  production  of  the  greatest  amount  of  heat  whenever 
heat  can  escape  from  the  place  where  the  reaction  occurs 
or  be  absorbed  in  some  way.  But  when  heat  is  supplied 
in  sufficiently  large  amounts  from  some  outside  source 
or  from  another  more  powerful  reaction  the  reaction  can 
be  forced  to  proceed  in  the  opposite  direction,  i.  e.,  so  as 
to  absorb  heat.  In  this  case  that  reaction,  of  several  that 
are  possible  between  the  reagents  present,  will  occur  first 
which  shows  the  least  absorption  of  heat;  and  then  as 
the  temperature  increases  or  the  supply  of  heat  becomes 
greater  the  more  difficult  endothermic  reactions  will 
start,  i.  e.,  those  absorbing  more  heat. 

Figures  are  tabulated  below  to  show  the  relative 
amounts  of  heat  given  ofl^  when  various  elements  unite 
with  a  unit  weight  of  oxygen.  These  figures  are  given 
as  a  part  of  the  basis  for  the  discussion  of  the  reduction 


of  silicon  from  the  silica  in  the  charge;  and  are  put  on 
the  basis  of  the  same  weight  of  oxygen  in  all  to  show 
the  relative  affinity  of  the  various  elements  for  oxygen, 
the  affinity  being  proportional,  other  things  being  equal, 
to  these  quantities  of  heat. 


Element 

Weight 

Cxygeti 

He.it 

C.-ils. 

Compound 

Weight 

c 

.75 

1823 

CO 

1.75 

c 

.375 

3038 

CO, 

1.375 

CO 

1.75 

4253 

CO, 

2.75 

Fe 

3.5 

4106 

FeO 

4.5 

Fe 

2.63 

4231 

Fe,0, 

3.63 

Fe 

2.33 

4075 

Fe.,0- 

3.33 

Mn 

3.44 

5681 

MnO 

4.44 

P 

.775 

4566 

p„o, 

1.775 

S 

1.00 

2164 

SO, 

2.00 

Si 

.8(55 

6125 

SiO., 

1.865 

Al 

1.125 

8179 

ALO. 

2.125 

Ca 

2.5 

8219 

CaO 

3.5 

Mg 

1.5 

8963 

MgO 

2.5 

Table  figures  talien   from    Kichard's   "Metallurgical   Calculations." 

The  exact  meaning  of  the  figures  in  the  table  may  be 
made  clear  by  explaining  the  method  for  obtaining  the 
figure  for  the  carbon  uniting  with  an  excess  of  oxygen 
to  form  carbon  dioxide.  The  operation  of  determining 
this  figure  is  exactly  similar  to  the  determination  of  the 
heating  value  of  a  sample  of  coal  in  a  bomb  calormeter. 
We  cause  the  reaction  to  take  place  between,  say,  1  gram 
of  carbon  and  the  necessary  amount  of  oxygen  under  a 
high  pressure  in  a  heavy  steel  bomb  with  the  bomb  im- 
mersed in  a  measured  amount  of  water.  When  the  car- 
bon is  ignited  CO,  gas  will  be  formed  explosively  at  a 
very  high  temperature  and  then  will  be  cooled  rapidly  by 
the  heavy  water-cooled  steel  bomb.  We  measure  accu- 
rately— to  the  thousandth  of  a  degree  if  desired — the  rise 
in  temperature  of  the  water  as  soon  as  the  water  and 
bomb  are  at  the  same  temperature.  As  1  calorie  is  ab- 
sorbed by  each  gram  of  water  in  being  heated  1  degree 
it  is  easy  to  determine  just  how  much  heat  has  been  ab- 
sorbed by  the  water  and  the  bomb ;  and  this  is  the  equiva- 
lent of  the  heat  given  off  by  the  reaction,  care  being  taken 
that  no  heat  is  lost  or  absorbed  from  other  sources  dur- 
ing the  experiment. 

In  the  above  case  all  the  heat  given  off  is  utilized  to 
heat  the  bomb  and  water  in  the  calorimeter,  the  quantity 
of  water  being  taken  so  large  that  this  change  in  tem- 
perature will  be  only  a  very  few  degrees.  The  gaseous 
products  of  the  combustion  which  at  first  absorbed  this 
heat  gave  up  the  heat  and  were  cooled  thereby  almost 
down  to  the  temperature  of  the  carbon  and  oxygen  at 
starting.  In  most  actual  cases  of  combustion  the  heat 
evolved  is  taken  up  by  the  gaseous  products  of  com- 
bustion and  is  transferred  from  these  gases  by  radiation, 
contact  conduction  and  in  other  ways  to  any  material 
which  it  is  desired  to  heat  thereby,  the  transfer  of  heat, 
however,  seldom  being  100  per  cent  efficient. 

Heat  can  be  transferred  only  from  a  body  at  a  higher 
temperature  to  bodies  at  lower  temperatures.  The  rap- 
idity of  transfer  of  heat  from  one  body  to  another  is 
greater  the  more  the  difference  in  temperature  between 
the  two  bodies.  A  hot  body  radiating  heat  to  a  cooler 
body  is  not  able  to  bring  the  cooler  body  up  to  its  own 
temperature  because — even  if  no  heat  is  lost  to  any 
other  bodies — as  the  hot  body  gives  off  heat  it  cools,  and 
as  the  originally  cooler  body  absorbs  the  heat  it  becomes 
hotter,  and  finally — if   no  heat  is  lost — the   two  bodies 
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will  arrive  at  a  common  temperature  somewhat  hotter 
than  the  originally  cool  body  and  cooler  than  the  ori- 
ginally hot  body. 

To  go  back  to  the  figures  of  our  short  table  we  may 
put  their  meaning  in  this  way,  that  if  a  unit  weight  of 
oxygen  be  caused  to  react  with  the  weight  shown  of  any 
other  element,  both  oxygen  and  element  being  at  labora- 
tory temperature  and  the  resulting  oxide  be  cooled  again 
after  the  reaction  to  room  temperature,  then  the  tabulated 
figure  shows  the  heat  resulting  from  the  reaction  and 
which  can  be  absorbed  in  a  properly  built  calorimeter, 
the  products  of  combustion  being  cooled  therein  to  the 
initial  temperature  of  the  reacting  materials  or  nearlv 
so.  In  most  cases  of  practical  combustion  this  is  not 
the  amount  of  heat  available  from  the  combustion  for 
the  industrial  operation,  inasmuch  as  usually  the  gases 
formed  pass  away  without  being  thoroughly  cooled  and 
thus  giving  up  the  heat  evolved  in  the  reaction  to  the 
material  it  is  desired  to  heat.  The  amount  of  heat  in- 
dustrially available  is  only  that  which  can  be  secured 
from  the  gases  of  combustion  by  cooling  them  down  as 
far  as  may  be  and  transferring  the  heat  to  the  bodv  we 
wish  to  get  hot.  Obviously  it  is  not  possible  to  cool  the 
gases  to  a  temperature  below  that  which  is  contained  in 
to  heat  this  body. 

The  above  discussion  is  introduced  at  some  length 
in  an  attempt  to  bring  out  clearly  the  quantitative  rela- 
tions with  respect  to  the  development  and  use  of  heat  in 
the  blast  furnace,  and  particularly  as  this  bears  upon  the 
reduction  of  silicon.  In  order  to  abstract  oxygen  from 
any  oxide  it  will  now  be  clear  that  it  is  necessary  to  sup- 
ply the  amount  of  heat  shown  in  the  table  in  order  to 
make  that  reduction  possible,  and  there  must  usually 
also  be  supplied  some  other  element  to  unite  with  the 
oxygen.  This  heat  nuist  be  supplied  in  addition  to  the 
heat  that  is  necessary  to  maintain  the  temperature  high 
enough  to  permit  or  to  cause  the  reaction.  Under  these 
conditions,  the  reduction  will  proceed  faster,  the  faster 
the  surplus  heat  is  supplied. 

The  combustion  in  the  hearth  of  the  furnace  is  very 
rapid  because  of  the  high  temperature  and  the  high  pres- 
sure, and  takes  place  about  in  the  following  fashion: 
The  hot  blast  meets  very  hot  coke  just  inside  the  tuyeres, 
and  as  fast  as  contact  is  made  between  oxygen  and  car- 
bon, carbon  dioxide  is  formed  which  passes  to  the  inner 
and  higher  portions  of  the  hearth,  and  there  meeting 
with  additional  coke  reacts  rapidly  to  form  carbon  mon- 
oxide. In  this  way  all  the  oxygen  of  the  blast  combines 
with  carbon  of  the  coke  to  form  carbon  monoxide  and 
produce  an  extremely  high  temperature  within  a  short 
distance  from  the  tuyeres  and  throughout  the  hearth. 
The  coke  burned  away  is  replaced  by  fresh,  hot  coke 
settling  from  above,  so  that  in  effect  at  any  instant  there 
is  always  an  excess  of  coke  with  respect  to  the  blast.  The 
nitrogen  of  the  blast  merely  absorbs  a  part  of  the  heat 
given  off  by  the  combustion  and  bodily  transfers  it  to  the 
higher  levels  in  the  furnace  as  sensible  heat. 

Let  us  study  next  how  the  heat  produced  as  above  will 
be  absorbed  by  the  descending  solid  stock  and  what 
chemical  changes  will  be  caused  in  this  stock  by  this 
great  heat.  To  do  this  we  must  assume  arbitrarilv  figures 
for  various  temperatures,  which  may  or  inay  not  be  very 
accurate  for  any  particular  case,  biit  will  at  least  form 
a  useful  basis  for  study.  We  will  assume,  then,  that 
the  blast  is  heated  to  600  deg.  C,  and  that  the  coke  in  the 
hearth  has  been  heated  by  the  previous  combustion  to 
1650  and  figure  how  much  heat  will  be  produced  by  the 
reaction  C  -f-  O  =  CO  if  the  CO  formed  is  supposed  to 
be  cooled  to  1650.    The  intermediate  stage  of  the  reaction 


to  COo  does  not  need  to  be  considered  for  the  effect  is 
very  similar  to  what  would  be  the  case  if  the  reaction 
were  directly  to  CO,  which  it  is  for  a  considerable  part 
of  the  burning.  The  effect  of  the  nitrogen  will  need  to 
be  considered,  since  the  nitrogen  affects  the  temperature 
reached  very  materially. 

Each  unit  weight  of  oxygen  will  absorb  133  calories 
in  being  heated  to  600  in  the  stoves.  The  .75  unit  weight 
of  carbon  will  contain  528  calories  when  it  is  heated  to 
1650.  If  we  add  to  these  amounts  the  heat  given  off 
by  carbon  burning  to  CO  at  ordinary  temperature,  i.  e., 

133 

528 
1823 


2484 


We  will  have  the  total  amount  of  heat  present  and  that 
will  be  absorbed  by  the  1.75  units  of  weight  of  the  very 
hot  CO.  If  this  CO  gas  be  cooled  to  1650,  the  tempera- 
ture assumed  in  the  hearth,  the  gas  itself  will  retain  the 
amount  of  heat  required  to  heat  it  from  room  tempera- 
ture to  1650,  and  only  the  surplus  over  this  will  be  avail- 
able in  the  hearth  for  increasing  the  temperature  or  for 
other  thermal  work.  1.75  units  weight  of  CO  will  ab- 
sorb 790  calories  in  being  heated  to  1650.  This  sub- 
tracted from  the  2484  obtained  above,  because  the  CO 
carries  this  heat  to  higher  levels  in  the  furnace  as  sensible 
heat,  will  leave  1694  calories  produced  by  the  combus- 
tion and  available  in  the  hearth  for  each  unit  weight  of 
oxygen  burned.  That  is,  this  1694  calories  will  be  actu- 
ally absorbed  at  the  instant  of  combustion  by  the  carbon 
monoxide  and  nitrogen,  and  these  gases  will  thus  be 
raised  to  a  temperature  much  above  1650,  and  being  hot- 
ter than  the  coke  and  other  surrounding  materials,  will 
immediately  begin  to  heat  them  by  contact,  radiation,  etc. 

The  above  figures  neglect  the  effect  of  the  nitrogen  in 
the  blast,  which,  however,  must  be  considered  because  of 
the  temperature.  The  weight  ratio  of  oxygen  to  nitro- 
gen in  air  is  very  nearly  3:10.  Three  and  one-third  parts 
of  nitrogen  heated  to  600  in  the  stoves  will  bring  in  an 
additional  506  calories ;  but  the  same  nitrogen  is  further 
heated  to  1650  along  with  the  carbon  monoxide,  and 
the  heating  from  600  to  1650  will  absorb  1011  calories 
which  must  be  provided  from  the  1694  calories  above 
calculated.  This  leaves  1694  —  1011  =  683  calories 
available  for  thermal  work  at  a  temperature  above  1650 
in  the  hearth.  The  mixture  of  1.75  parts  CO  and  3  1/3 
parts  nitrogen  rising  into  higher  levels  of  the  furnace  at 
1650  will  carry  790  -\-  1517  =  2307  calories  as  sensible 
heat. 

Not  all  of  the  683  calories  of  surplus  heat  above  1650 
will  be  used  for  heating  the  descending  material ;  but  a 
considerable  portion  of  it  will  be  absorbed  in  endothermic 
chemical  reactions.  Endothermic  reactions  are  caused  to 
take  place  by  supplying  heat  to  a  mixture  of  material 
which  can  thus  react,  and  the  reaction  will  proceed  in 
proportion  to  the  rate  at  which  the  excess  heat  is  actually 
supplied. 

Let  us  now  return  to  our  figures  for  the  heats  of  re- 
action of  the  elements  with  oxygen,  and  study  the  reduc- 
tions in  the  blast  furnace  on  that  basis.  In  order  to  make 
this  study  very  clear  as  applied  to  silicon  let  us  take  up 
all  the  more  important  reductions  in  order  beginning  with 
the  easiest,  that  of  the  iron  oxides. 

It  will  be  observed  that  the  heats  of  oxidation  of  iron 
to  its  various  oxides  fall  between  4075  and  4231  calories 
per  unit  weight  of  oxygen,  and  that  the  heat  evolved  by 
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CO  burning  to  COo  is  slightly  greater  than  any  of  these 
figures,  viz.,  4253  calories.  This  will  explain  the  net  evo- 
lution of  heat  observed  in  the  upper  shaft  levels  of  the 
furnace  as  a  result  of  reduction  of  iron  oxides  by  car- 
bon monoxide.  The  direct  reduction  of  any  of  the  ox- 
ides of  iron  by  carbon  burning  either  to  CO  or  to  CO, 
is  evidently  endothermic,  since  the  carbon  burning  even 
to  COj  only  yields  3038  calories  as  against  the  lowest 
amount  called  for  by  any  oxide  of  iron,  viz.,  4075  calories. 
This  deficiency  of  heat  is  supplied  by  the  heat  in  the  hot 
gases  in  the  shaft  of  the  furnace  to  whatever  extent  the 
reduction  is  performed  by  solid  carbon  rather  than  by 
carbon  monoxide. 

The  greater  difficulty  in  reducing  manganese  is  ex- 
plained by  its  greater  heat  of  oxidation.  A  sufficient  sur- 
plus of  heat  at  a  high  enough  temperature  to  cause  the 
manganese  to  be  reduced  is  not  encountered  to  any  appre- 
ciable extent  above  the  hearth  of  the  furnace.  Even  in 
the  hearth  an  appreciable  portion  of  the  manganese  pres- 
ent usually  escapes  reduction  and  enters  the  slag. 

The  sulphur  with  its  low  heat  of  oxidation  should  be 
easily  reduced,  and  when  in  the  elementary  condition  will 
unite  with  iron  or  manganese  or  lime  or  other  base  if 
such  a  base  with  a  high  affinity  for  sulphur  be  present  in 
the  elementary  condition.  Lime  is  such  a  base,  but  its 
heat  of  oxidation  is  very  great,  and  to  reduce  lime  a 
very  considerable  surplus  of  heat  must  be  available  to 
force  the  strongly  endothermic  reaction.  The  heat  of 
reaction  between  the  lime  and  the  sulphur  itself  assists 
here  very  much,  and  the  amount  of  heat  actually  needed 
is  not  as  great  as  appears  from  studying  the  oxide  heats 
alone.  The  following  heats  of  formation  of  the  sulphides 
per  unit  weight  of  sulphur  will  assist  to  explain  this 
matter. 

CaS   2947 

FeS   750 

MnS   1425 

The  reaction  for  forming  lime  sulphide  is  usually 
written,  the  figures  immediately  beneath  the  various  com- 
pounds being  the  heats  of  formation  for  the  quantity  of 
compound  appearing  in  the  reaction  per  unit  weight. 

FeS  -f  CaO  +  C  ->    Fe  -|-  CaS  +  CO 

1500       8219  5894      1823 

If  we  add  together  the  heats  of  formation  of  FeS 
and  CaO,  and  subtract  from  this  sum  the  sum  of  the 
heats  of  formation  of  CaS  and  CO,  the  difference  of 
2002  calories  will  be  the  amount  of  heat  required  for 
this  reaction  instead  of  6396  calories  which  is  the  differ- 
ence in  the  heats  of  formation  of  the  oxides  of  lime  and 
carbon  alone.  Since  sulphur  in  the  above  reaction  is 
twice  the  weight  of  the  oxygen  in  the  same  reaction,  and 
the  above  figure  is  based  on  the  unit  weight  of  oxygen, 
it  will  be  seen  that  the  heat  absorbed  by  the  reaction  per 
unit  weight  of  sulphur  is  approximately  1000  calories, 
which  is  not  a  serious  drain  on  the  heat  supply  in  the 
hearth,  considering  the  small  amount  of  sulphur  usually 
actually  present. 

Silicon  has  a  very  high  heat  of  oxidation  as  com- 
pared with  iron  or  manganese,  viz.,  over  6100  calories 
compared  to  slightly  over  4000  for  iron  and  about  5700 
for  manganese.  The  reaction  for  reduction  of  silicon 
is  usually  written 

SiO.,  +  2C ->    Si  -f  2CO 

6125  1823 

6125  calories  are  absorbed  to  break  up  the  silica  and 
1823  are  evolved  in  the  formation  of  CO  from  the  oxy- 


gen so  set  free  and  carbon  of  the  coke,  leaving  some 
4302  calories  to  be  supplied.  Now  it  is  only  in  the  hearth 
of  the  furnace  that  a  high  enough  temperature  exists  to 
cause  this  reaction  to  take  place  at  all.  There  is  a  criti- 
cal temperature  below  which  it  seems  not  to  be  possible 
to  reduce  silicon  by  means  of  carbon ;  and  above  this 
temperature  the  reaction  can  occur  only  so  fast  as  the  sur- 
plus of  heat  is  supplied  which  amounts  to  some  4302 
calories  per  unit  weight  of  oxygen  or  4920  calories  per 
unit  weight  of  silicon  involved. 

This  matter  of  critical  temperature  for  the  reduction 
of  silicon  is  of  sufficient  importance  to  emphasize 
strongly.  Below  this  critical  temperature,  which  is  at 
about  1450  deg.  C,  if  we  have  both  silicon  and  oxygen 
together  under  the  proper  conditions  in  an  oxidizing  at- 
mosphere it  seems  that  the  silicon  will  oxidize  in  prefer- 
ence to  carbon,  while  if  conditions  remain  the  same  other- 
wise but  the  temperature  be  raised  to  above  the  critical 
point  the  carbon  will  oxidize  in  preference  to  silicon. 
This  is  observed  in  a  very  interesting  way  in  the  Besse- 
mer process.  When  the  blow  is  started  the  iron  is  con- 
siderably below  a  steel  melting  temperature  and  the  sili- 
con burns  in  the  early  part  of  the  blow.  Because  of  the 
high  heating  power  of  the  oxidation  of  silicon  the  tem- 
perature would  rise  to  a  point  where  the  carbon  would 
burn  instead  of  the  silicon  and  leave  a  carbon  free,  high 
silicon  blown  metal.  The  excess  heat,  however,  is  used 
commercially  to  melt  some  cold  pig  or  scrap  and  so  hold 
down  the  temperature  to  such  a  point  as  to  secure  the 
blown  metal  practically  free  of  both  silicon  and  carbon. 

The  same  facts  apply  in  the  blast  furnace  as  in  the 
Bessemer  converter,  but  their  application  is  a  little 
dift'erent.  When  the  temperature  in  the  blast  furnace 
is  maintained  above  this  critical  point  then  silicon  is 
reduced  from  silica.  We  calculated  above  that  the  re- 
duction of  silicon  required  4302  calories  per  unit  weight 
of  oxygen  concerned ;  this  corresponds  to  some  4920 
calories  required  per  unit  weight  of  silicon  reduced. 
We  also  calculated  that  under  certain  arbitrary  con- 
ditions the  combustion  of  carbon  to  carbon  monoxide 
in  the  hearth  produced  a  certain  surplus  of  heat,  which 
under  the  conditions  assumed  amounted  to  about  683 
calories  per  unit  of  oxygen  from  the  blast  at  a  tempera- 
ture above  1,650.  This  corresponds  to  some  910 
calories  per  unit  of  coke ;  from  which  -it  is  clear  that 
the  surplus  heat  production  from  some  5.4  units  of 
weight  of  coke  is  required  for  the  heat  absorbed  in 
the  reduction  of  1  unit  of  weight  of  silicon.  This  is 
probably  fairly  close  to  the  amount  of  coke  actually 
required  in  the  furnace  for  this  purpose. 

The  other  conditions  which  affect  the  reduction  of 
silicon  are  the  amount  of  slagging  bases  in  comparison 
to  the  amount  of  silica,  and  the  amount  of  silicon  in 
the  iron.  The  silicon  unites  with  some  of  the  iron  to 
form  the  compound  FeSi  which  dissolves  in  the  iron. 
The  heat  of  this  reaction  and  solution  is  probably  not 
very  great  but  it  assists  slightly  towards  the  reduc- 
tion of  silicon  from  silica.  The  heat  of  solution  of 
silicon  in  iron  decreases  rapidly  as  the  amount  of  silicon 
in  the  iron  increases.  This  and  other  factors  act  to 
make  it  increasingly  difficult  to  secure  an  added  unit 
of  silicon  in  the  iron  as  the  amount  of  silicon  already 
in  the  iron  is  greater.  A  basic  slag  tends  to  hold  silica 
as  such  much  more  strongly  than  an  acid  slag. 

One  of  the  important  means  by  which  the  temper- 
ature of  the  blast  furnace  hearth  is  maintained  at  a 
high  level  is  by  means  of  slag  composition,  viz.,  by 
keeping  the  mixture  of  slag  forming  materials   such 
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that  it  will  not  fuse  down  into  a  limpid  liquid  except 
at  a  high  temperature.  The  result  of  this  is  to  hold 
the  material  in  the  stream  of  superheated  gases  a 
longer  time  until  it  does  attain  the  higher  temperature 
necessary  for  fusion.  While  the  material  is  thus  held 
at  the  high  heat  and  in  the  presence  of  carbon  mon- 
oxide and  in  contact  with  coke  the  conditions  are  at- 
tained which  are  needed  to  reduce  silicon. 

The  reactions  outlined  oppose  each  other  to  some 
extent.  As  silicon  is  reduced  less  silica  is  left  for  the 
lime  and  other  bases,  and  the  slag  becomes  less  fusible. 
But  as  this  action  increases  the  afifinity  of  the  more 
basic  slag  for  silica  increases  and  it  becomes  more  diffi- 
cult to  reduce  further  silica.  The  various  reactions 
proceed  toward  the  equilibrium  conditions  as  far  as 
time  permits.  That  is,  each  particle  of  silica  settling^ 
through  the  hot  zone  of  the  furnace  is  exposed  to  the 


action  of  the  hot  carbon,  carbon  monoxide,  lime  and 
other  materials.  It  will  go  through  as  silica  or  be  re- 
duced to  silicon  according  to  which  influence  is  the 
stronger  and  about  in  proportion  to  how  much  stronger 
that  influence  is. 

If  the  blast  furnace  manager  desires  more  silicon 
in  his  iron  he  will  proportion  the  charge  mixture  to 
get  more  silica.  He  will  adjust  the  amount  of  lime- 
stone so  as  to  form  a  slag  with  the  silica  to  be  left 
as  such  which  slag  can  be  expected  to  have  the  right 
fusion  temperature.  He  will  regulate  the  blast  tem- 
perature to  assist  in  giving  the  high  temperature  de- 
sired in  the  hearth  ;  and  he  will  further  watch  care- 
fully the  operation  of  the  furnace  in  general  to  secure 
that  uniformit}^  of  running  which  is  essential  for  a 
commercial  furnace. 


Electric  Brakes  For  Steel  Mills 

It  Is  More  Desirable  Practice  to  Retard  and  Stop  Loads  Elec- 
trically by  Dynamic  Braking  and  to  Utilize  the  Friction  Brake 
Largely  for  Holding. 

By  GORDON   FOX*     , 


AN  electric  brake  is  a  friction  grip  which  is  set  by 
mechanical  means  and  released  electrically.  Some 
brakes  are  set  by  gravity  through  the  medium  of 
a  weight  attached  to  a  lever  arm,  others  are  set  by 
springs.  Release  is  ordinarily  accomplished  by  an 
electric  magnet  or  solenoid,  but  a  small  motor  is  some- 
times employed.  Most  brakes  are  applied  to  an  ex- 
tension to  the  armature  shaft  as  being  the  most  efifec- 
tive  point. 

The  function  of  an  electric  brake  may  be  either  to 
retard  and  stop  a  motor  and  machine,  to  hold  a  ma- 
chine at  rest  against  a  force  or  both  to  stop  and  to 
hold.  A  brake  must  be  dependable  because,  if  it  fails, 
life  may  be  jeopardized  or  property  seriously  damaged. 
It  must  therefore  have  a  high  safety  factor. 

Brakes  may  be  classified  according  to  their  me- 
chanical design.  The  common  types  are,  the  band 
brake,  the  disc  brake  and  the  shoe  type  or  post  type 
brake.  Brakes  may  also  be  classified  according  to  their 
use  on  direct  current  or  alternating  current  systems. 

The  band  brake  is  a  familiar  type,  consisting  of  a 
flexible  band  encircling  the  brake  wheel.  This  band 
is  lined  with  a  woven  friction  material  or  with  wood 
or  composition  friction  blocks.  The  band  is  usually 
anchored  at  one  end.  The  other  end  is  drawn  tight 
by  a  weight  or  spring  which,  in  turn  is  released  by  the 
solenoid.  The  band  brake  is  a  simple  type.  It  has 
the  advantage  of  large  friction  area  as  nearly  the  en- 
tire wheel  circumference  is  encircled.  It  serves  very 
well  as  a  holding  brake  particularly  against  a  force 
always  in  one  direction.  A  band  brake  exerts  more 
torque  in  the  wrapping  than  in  the  unwrapping  direc- 
tion of  rotation,  the  latter  being  one-third  to  one-half 
the  former,     A  band  brake  causes  a  side  thrust  to  be 

exerted  on  the  shaft  as  the  pull  is  largely  in  one  direc- 
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tion.  It  is  somewhat  difficult  to  maintain  clearance  at 
all  points  around  the  brake  wheel  due  to  slight  eccen- 
tricity and  irregularity  in  the  band,  hence  the  opening 
movement  must  be  considerable.  Band  brakes  are 
commonly  operated  by  solenoids  having  a  fairly  long 
travel.  These  solenoids  may  be  actuated  by  either 
direct  or  alternating  current. 

The  disc  type  brake  consists  of  a  series  of  non- 
rotable  plates  or  stages  alternating  with  a  series  of 
rotating  plates.  The  stationary  plates  are  machined 
surfaces.  The  rotating  plates  are  loosely  keyed  to  a 
hub  mounted  on  or  connected  to  the  motor  shaft.  They 
are  lined  on  both  sides  with  friction  material.  The 
stationary  and  rotating  plates  are  pressed  together  by 
a  spring  and  are  released  and  separated  by  a  magnet. 
Fig.  I  shows  a  brake  of  this  type  attached  directly  to 
a  crane  motor. 

The  principal  advantages  of  the  disc  type  of  brake 
are  its  compact  construction,  its  relatively  light  weight 
and  its  quick  action.  This  type  of  brake  requires  very 
little  room  perpendicular  to  the  shaft  and  little  head 
room.  It  has  little  inertia  due  to  the  light  weight  of 
its  revolving  parts.  It  has  a  large  wearing  surface 
area.  It  is  at  a  disadvantage  in  that  the  brake  must 
be  moved  or  dismantled  in  removing  an  armature.  It 
is  a  little  more  difficult  of  alignment.  It  cannot  readily 
be  released  by  hand.  The  friction  surfaces  are  en- 
closed, are  somewhat  inaccessible  for  inspection  or 
repair  and  the  heat  dissipating  ability  is  restricted. 
Ventilation  is  provided  to  minimize  this  difficulty. 
The  enclosure  of  the  friction  surfaces  protects  them 
from  oil  and  from  the  weather.  The  disc  brake  can  be 
mounted  on  the  end  of  a  shaft  only.  It  cannot  be  well 
adapted  for  alternating  current. 

The  shoe  type  brake  is  probably  the  most  common- 
ly used.     It  consists  of  a  brake  wheel  and  two  shoes 
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which  are  attached  to  levers.  The  shoes  are  made  to 
clamp  the  wheel,  either  by  weights  or  springs  acting 
on  the  levers.  In  some  types  there  is  a  more  or  less 
complicated  linkage  of  levers.  The  shoes  are  released 
either  b}-  a  solenoid  or  by  a  magnet  acting  through  the 
levers. 

The  shoe  type  brake  is  both  rugged  and  accessible. 
It  introduces  no  end  thrust  or  side  thrust.  It  is 
usually  attached  to  the  armature  shaft  extension  but 
may  be  attached  to  a  central  portion  of  a  shaft.  This 
type  of  brake  may  be  arranged  to  permit  easy  removal 
of  the  armature.  Shoes  brakes  are  commonly  30  to  40 
per  cent  heavier  than  band  or  disc  types.  They  re- 
quire a  comparatively  powerful  solenoid.  They  have 
a  minimum  area  of  wearing  surface.  The  friction  sur- 
faces are  exposed  to  the  weather.  Some  designs  are 
rather  bulky  and  require  considerable  space  alongside 
and  head  room  above  the  motor. 

There  are  many  designs  of  shoe  type  brakes  dif- 
fering considerably  in  their  principal  features.  Fig. 
2  shows  a  brake  which  is  set  by  gravity  and  released 
by  a  solenoid.  This  type  of  brake  is  well  adapted  for 
use  with  a  dash  pot.  Cut  out  devices  mentioned  later 
may  be  readily  applied.  The  coil  is  enclosed  and  fully 
protected. 

There  is  considerable  inertia  in  the  moving  mem- 
bers in  a  gravity  actuated  brake,  tending  to  dela} 
initial  movement  and  tending  to  cause  rather  sudden 
clamping  action.  In  aily  solenoid  brake  there  is  some 
magnetic  lag  and  there  may  be  friction  between  th.' 
plunger  and  the  bore  of  the  solenoid.  Fig.  2  shows  a 
shoe  brake  which  is  actuated  by  springs,  a  magnet 
being  used  instead  of  a  solenoid. 

A  large  number  of  levers  in  a  brake  mechanism  is 
undesirable  because  of  complexity  and  there  is  more 
or  less  wear  at  the  hinge  pins  depending  upon  the 
amount  of  pressure  and  movement.  This  leads  to  fric- 
tion and  lost  motion.  Fig.  4  shows  a  simple  shoe  type 
brake  employing  a  minimum  of  parts.  The  brake  is 
set  by  a  spring  enclosed  within  the  magnet  housing. 


Fig.  1 — Disc  brake  attached  to  crane  motor. 

It  is  released  by  a  large,  short  stroke  magnet.  This 
brake  is  exceptionally  compact,  and  requires  little  head 
room.  The  short  stroke  affords  quick  action  and  the 
comparative  absence  of  inertia  eliminates  shock  on 
setting  or  hammer  on  release.  The  brake  can  be  easily 
dismantled  for  removal  of  the  armature  without  affect- 
ing its  adjustment.  The  magnet  coil  is  enclosed  and 
protected.  This  brake  is  adapted  for  direct  current 
only. 


The  majority  of  direct  current  brakes  are  wound 
with  relatively  few  turns  of  heavy  wire  and  arranged 
for  connection  in  series  with  the  motor.  The  most 
obvious  reason  lies  in  the  fact  that  a  coil  thus  con- 
nected is  automatically  deenergized  and  the  brake  re- 
leased when  the  current  is  shut  off'.  There  are  other 
contributing  causes  for  preference  of  a  series  brake 
where  applicable.  In  the  case  of  a  crane,  an  extra 
trolley  bar  and  collector  would  be  required  if  a  shunt 


Fig.  2 — Shoe  type  brake,  gravity  set  and  solenoid  release. 

brake  were  used.  With  a  series  brake  there  is  defi- 
nite assurance  that  when  the  brake  is  released  the 
motor  has  current  to  hold  the  load.  A  shunt  brake 
might  be  released  even  with  the  armature  circuit  open 
and  no  holding  torque  developed.  The  coil  of  a  series 
brake  contains  fewer  turns  of  relatively  large  wire 
and  is  therefore  more  rugged  and  dependable.  The 
series  wound  solenoid  acts  more  quickly  than  the  shunt 
coil  in  releasing  and  setting  the  brake. 

On  the  other  hand,  there  are  many  applications 
where  the  use  of  the  shunt  wound  brake  is  necessary 
or  preferable.  In  elevator  service  and  mine  hoist  serv- 
ice the  armature  current  may  pass  through  zero  and 
flow  in  either  direction  depending  upon  whether  the 
motor  hoists  or  retards.  A  series  brake  could  not  be 
held  open.  In  the  case  of  a  crane  hoist,  the  brake  is 
ordinarily  connected  in  series  with  the  series  field  in 
lowering'.  If  a  high  lowering  speed  is  desired  it  is 
necessary  to  weaken  the  series  field  to  a  point  such 
that  the  current  passed  in  this  circuit  would  not  hold 
open  a  series  brake.  Shunt  brakes  are  therefore  fre- 
quently used  for  the  hoists  of  coal  and  ore  bridges, 
skull  crackers  and  similar  service.  It  is  often  desirable 
to  have  a  drift  point  on  a  control.  Obviously  this  is 
feasible  with  a  shunt  brake  only  as  this  may  be  main- 
tained energized.  Crane  bridges  are  sometimes  thus 
equipped,  also  lift  bridges.  The  shunt  brake  also  has 
some  advantage  in  that  its  energizing  circuit  may  be 
handled  by  a  small  contactor  which  may  be  interlocked 
with  protective  features.  -  The  advantage  of  the  series 
brake  lies  in  simplicity  of  action.  The  advantage  of 
the  shunt  brake  lies  in  flexibility  of  application. 
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The  point  has  been  raised  that  a  shunt  wound  brake 
tends  to  he  more  sluggish  tlian  a  scries  brake.  'This  is 
due  to  the  inductance  of  the  shunt  coil  which  retards 
the  building  up  and  dying  out  of  the  flux.  In  order 
to  alleviate  this  condition  some  shunt  coils,  particularly 
for  the  larger  brakes,  are  sometimes  wound  for  half 
voltage  and  connected  in  series  with  resistance.  This 
permits  a  high  current  inrush  and  gives  quick  release. 
In  some  cases  the  sluggish  action  is  desirable.     Corn- 


Fig.  3 — Shoe  type  brake,  spring  set  and  magnet  release. 

pound  wound  brakes  are  not  uncommon.  The  series 
coil  is  usually  in  circuit  for  a  short  period  to  give  quick 
release.  It  is  then  short  circuited  by  the  control,  hav- 
ing a  comparatively  light  shunt  winding  to  hold  the 
brake  released. 

The  alternating  current  magnet  is  not  as  well  adapt- 
ed for  brake  duty  as  the  direct  current  magnet.  A 
relatively  bulky  laminated  construction  is  necessary 
to  limit  iron  losses  and  heating.  The  current  in  a 
single  phase  coil  passes  through  zero  every  cycle. 
Shading  coils  are  employed  to  carry  the  magnetism 
over  these  periods.  However  some  tendency  to  chat- 
tering is  liable.  Some  brakes  are  supplied  with  three 
phase  coils,  overcoming  this  difficulty.  These  however 
are  relatively  bulky  and  complex. 

The  solenoids  for  alternating  current  brakes  are 
sometimes  made  oil  immersed  to  minimize  chattering 
and  noise  and  also  to  act  as  a  dash  pot.  This  construc- 
tion is  particularly  applicable  for  elevator  service. 

Alternating  current  brake  solenoids  are  all  shunt 
connected.  The  pull  of  the  solenoid  varies  decidedly 
with  the  voltage.  Taps  are  sometimes  supplied  so  that 
the  coil  may  be  adapted  to  conditions.  The  current 
in  a  direct  current  coil  depends  on  resistance  and  is 
independent  of  the  air  gap.  The  current  in  an  alter- 
nating current  coil  is  limited  by  impedance,  mostly 
reactance.  The  longer  the  air  gap  the  less  the  flux 
and  the  lower  the  reactance.  The  current  is  a  mini- 
mum when  the  air  gap  is  closed  and  is  much  higher 
when  the  gap  is  open.  When  voltage  is  applied  a  high 
current  inrush  occurs,  the  current  falling  ofif  as  the 
air  gap  closes.  In  operating  an  alternating  current 
solenoid  it  is  necessary  to  see  that  the  moving  core 
pulls  up  promptly,  else  the  current  will  be  excessive 
and  will  probably  burn  out  the  coil.  As  the  gap  is 
allowed  to  close  entirely  and  seal,  there  is  a  possi- 
bility for  this  type  of  brake  to  hold  open  due  to  re- 


sidual magnetism.  Fig.  5  shows  an  alternating  current 
shoe  type  brake  in  which  a  motor  is  employed  instead 
of  a  solenoid  for  releasing.  The  brake  is  set  by  a 
spring.  The  motor  drives  through  a  pinion  and  toothed 
sector  to  which  a  lever  is  attached.  The  motor  exerts 
torque  to  release  and  hold  open  the  brake.  The  motor 
is  a  special  high  resistance  cage  type  induction  motor 
designed  to  withstand  stalling.  The  motor  is  equipped 
with  a  combination  slip  gear  and  mechanical  brake 
device  which  cushions  its  action.  This  type  of  brake 
is  quiet  in  action  as  vibration  and  chattering  are  elim- 
inated. The  shoes  are  applied  without  shock  and  re- 
leased without  pounding.  No  dash  pot  is  required. 
There  is  no  initial  current  inrush  and  possible  coil 
burnouts  are  avoided. 

'Jliere  are  usually  three  adjustments  to  a  solenoid 
or  magnet  operated  brake.  These  are  adjustment  for 
shoe  clearance,  for  braking  intensity  and  for  air  gap. 
It  is  necessary  to  adjust  the  shoes  for  equal  clearance 
and  equal  braking  effect  without  side  thrust.  The 
braking  intensity  is  adjusted  by  change  in  the  amount 
or  leverage  of  the  weights,  by  changes  in  the  lever 
linkage  or  by  adjustment  of  the  compression  of  the 
springs,  as  the  case  may  be.  It  is  desirable  to  main- 
tain a  definite  air  gap  at  the  solenoid  or  magnet  in 
order  to  obtain  the  required  pull.  The  air  gap  should 
be  the  minimum  amount  which  will  give  sufficient 
movement  to  release  the  wheel  fully.  The  proper  ad- 
justment of  the  magnet,  on  direct  current,  affords  the 
strongest  obtainable  magnet  pull,  thus  permitting 
ma.ximum  braking  intensity  adjustment  and  giving 
prompt  and  definite  action.  In  the  case  of  alternating 
current  proper  adjustment  helps  to  prevent  excessive 
current  inrush  due  to  wide  air  gap. 

It  has  been  mentioned  that  some  types  of  brakes 
are  more  sluggish  in  action  than  others.  This  is  not 
always   an   undesirable   feature.      What   is   desired    is 


Fig.  4 — Shoe  type  brake,  spring  set,  magnet  release. 

prompt  release  without  a  hammer  blow  caused  by 
sudden  stoppage  of  the  moving  parts,  together  with 
prompt  but  gradual  setting.  Some  brakes  tend  to 
grip  suddenly  and  cause  a  shock  to  the  load  and  the 
transmission  gearing.  It  is  evident  that  minimum 
inertia  in  the  moving  parts  is  desirable  to  these  ends. 
In  this  respect  the  use  of  compression  springs  had  ad- 
vantage over  weights.  In  some  brakes  either  an  air 
or  oil  dash  pot  is  supplied  to  cushion  the  action,  and 
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prevent  too  sudden  application.  In  a  few  cases,  in 
connection  with  shunt  wound  brakes,  electrical  means 
are  employed  to  delay  the  action.  This  may  be  done 
by  shunting  the  brake  coil  with  a  discharge  resistance. 
1  he  stored  energy  in  the  coil  causes  a  current  to  flow 
through  the  discharge  resistance  when  the  coil  cir- 
cuit is  opened.  This  discharge  current  delays  and 
cushions  the  setting  of  the  brake.  A  short  circuited 
damping  winding  will  have  a  similar  effect.  Totally 
enclosed  "ironclad"  solenoids  have  this  effect  to  a 
limited  extent  due  to  the  eddy  currents  in  the  iron  when 
the  magnetism  is  established  or  interrupted.  The 
motor  released  brake  is  damped  to  some  extent  by  the 
inertia  of  the  rotor  of  the  small  releasing  motor. 

Brakes  are  more  commonly  mounted  separately  on 
the  motor  bed  plate.  Frequently,  however,  they  are 
attached  to  the  motor.  Motor  mounted  brakes  require 
finished  pads  on  the  motor  and,  in  some  cases,  special 
parts  for  adaption.  Most  crane  and  hoist  motors  are 
provided  with  brake  pads.  The  advantage  of  motor 
mounting  lies  in  the  self  contained  unit  with  no  align- 
ment difficulties  and  no  special  base  construction.  The 
disadvantages  are  less  firm  and  substantial  construc- 
tion and  less  easy  dismantling.  Motor  mounted  brakes 
are  usually  of  the  disc  type. 

Brakes  are  rated  in  lb.  ft.  of  retarding  torque  which 
they  will  develop  at  the  brake  wheel  shaft,  as  referred 
to  revolving  wheel  condition.  As  the  coefficient  of 
static  friction  is  high&r,  the  holding  torque  is  some- 
what greater  than  the  retarding  torque.  The  holding 
torque  is  ordinarily  about  110  per  cent  of  the  retarding 
torque.  The  retarding  torque  which  a  brake  will  de- 
ve]op  depends  materially  upon  the  amount  of  weight 
or  the  extent  to  which  it  is  "set  up."  This  in  turn 
depends  upon  the  strength  and  ability  of  the  solenoid 
or  magnet  to  release.  ^Yhere  an  jnterrnittent  duty  coii 
is  used,  it  may  be  worked  harder  and  made  more  power- 


Fig.  5— Spring  set,  motor  released  brake  for  alternating 
current  service. 

ful.     Therefore  the  brake  may  be  set  up  tighter  and 
its  retarding  torque  rating  increased. 

It  is  evident  that  a  brake  retarding  a  given  torque 
from  high  speed  will  dissipate  more  energy  than  one 
retarding  the  same  torque  at  low  speed.  The  ability 
of  a  brake  to  dissipate  the  mechanical  energy  which 
is  converted  into  heat,  is  one  of  its  limitations.  Brakes 
are  therefore  given  a  maximum  hp  rating  which  sig- 
nifies the  highest  hp  motor  with  which  the  brake  may 
be   expected,   under   average    conditions,    to    function 


without  undue  heating  and  with  reasonable  shoe  wear. 
The  coil  of  a  series  brake  carries  motor  current  and 
must  be  proj)ortioned  accordingly.  Brakes  are  rated 
in  the  same  manner  as  the  motors  with  which  they  are 
used,  the  common  ratings  being  on  a  30  minute  or 
60  minute  basis  for  intermittent  duty  and  a  continuous 
duty  rating.  The  intermittent  duty  brakes  will  release 
on  40  per  cent  rated  current.  Continuous  duty  brakes 
will  release  on  80  per  cent  rated  current.  Series  brakes, 
once  released  will  hold  open  down  to  about  10  per  cent 


Fig.  6 — Alternating  current  brake  providing  graduated 
braking  effort. 

of  rated  current.  It  is  desirable  in  crane  hoist  dynamic 
lowering  that  the  brake  release  on  40  per  cent  full  load 
current  or  less.  The  brake  should  open  on  the  first 
point  lowering. 

Shunt  wound  brakes  are  given  either  a  continuous 
duty  or  an  intermittent  duty  rating.  The  coils  of  some 
brakes  are  wound  for  less  than  rated  voltage.  The 
coil  is  connected  across  the  line  to  release  the  brake. 
Movement  of  the  brake  members  actuates  a  small 
switch  which  causes  resistance  to  be  inserted  in  series 
with  the  brake  coil.  The  reduced  current  is  sufficient 
to  hold  the  brake  released  but  minimizes  the  coil 
heating. 

Brakes  are  selected  on  the  basis  of  torque.  The 
full  load  torque  of  a  motor  may  be  determined  by  the 
formula — 

T  ^  5250  X  HP 

RPM 

Where  T  =  torque  in  lb.  ft. 

HP  =  full  load  HP  rating  of  motor. 
RPM  =  speed  of  brake  wheel. 

Ordinarily  a  brake  is  selected  having  a  retarding 
torque  equal  to  full  load  motor  torque.  Sometimes  a 
lesser  torque  will  suffice  and  sometimes  a  higher  torque, 
such  as  one  and  one-half  times  full  load  torque  is 
thought  desirable  either  to  gain  a  very  quick  stop,  to 
hold  an  occasional  heavy  load  or  to  provide  a  safety 
factor,  particularly  as  to  adjustment  and  condition. 

Where  service  is  particularly  severe  or  continuous 
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the  heat  dissipating  ability  of  the  brake  becomes  a 
governing  factor  and  it  is  necessary  to  select  a  brake 
on  the  basis  of  its  limiting  hp  rating  rather  than  its 
torque.  The  limiting  temperature  which  lining  ma- 
terials will  stand  is  about  200  degrees  C.  It  may  be 
well,  at  this  point,  to  state  that  hard  lining  materials 
are  desirable  as  they  will  retain  adjustment  better. 
Soft  linings  give  more  friction  but  they  wear  faster  and 
compress. 

For  high  speed  work  it  is  necessary  to  check  the 
peripheral  speed  of  the  brake  wheel. 

The  brakes  which  have  been  thus  far  described  and 
discussed  are  of  a  type  which  are  either  fully  set  or 
fully  released,  as  the  case  may  be.  There  has  been 
recently  developed  a  brake  for  use  oji  alternating  cur- 
rents which  aflfords  graduated  braking.  This  brake  is 
adapted  for  crane  hoist  service.  It  is  similar  in  gen- 
eral construction  to  the  ordinary  shoe  type  solenoid 
brake.  It  has,  however,  two  solenoids.  One  of  these 
is  connected  across  primary  voltage  and  is  energized 
only  while  hoisting  and  on  the  lowering  points  where 
regenerative  braking  is  used.  At  standstill  and  on 
some  lowering  points  this  solenoid  is  deenergized.  The 
second  solenoid  is  connected  across  a  phase  of  the 
rotor  of  the  motor.     When  both  solenoids  are  deener- 


gized, as  at  standstill,  full  braking  torque  is  obtained. 
In  hoisting,  the  two  solenoids  function  together  to 
release  the  brake.  In  lowering,  the  second  solenoid 
governs.  When  this  solenoid  is  energized,  the  brak- 
ing torque  is  relieved  in  proportion.  As  this  solenoid 
is  across  rotor  voltage,  the  higher  the  lowering  speed, 
the  less  the  slip  and  the  lower  the  rotor  voltage,  hence 
the  greater  the  braking  torque.  The  brake  thus  auto- 
maticalh'  adapts  its  effort  toward  controlling  the  speed. 
Fig.  6  shows  a  brake  of  this  type. 

Electric  brakes  find  a  wide  field  of  application. 
Cranes,  hoists  and  elevators  are  probably  the  greatest 
field.  Steel  mill  auxiliaries  often  require  brakes.  Lift 
bridges  are  so  equipped.  There  are  many  miscella- 
neous applications. 

In  closing  it  may  be  stated  in  general  as  more  de- 
sirable practice  to  retard  and  stop  loads  electrically 
by  dynamic  braking  and  to  utilize  the  friction  brake 
largely  for  holding.  This  practice  minimizes  the  wear 
on  the  brakes,  decreases  their  maintenance  and  insures 
with  greater  certainty  their  good  condition  for  their 
important  holding  duty.  There  are,  of  course,  many 
exceptions  where  this  added  complication  may  not  be 
warranted. 


Tropenas  Converter  For  Making  Steel 

General  Description  of  This  Process,  Details  of  the  Converter  and 
Information  Regarding  the  Cupola  Change — This  Process  Is  Very 
Similar  to  the  Bessemer  Process. 

By  S.  R.  ROBINSON 


THE  original  method  of  blowing  steel  was  invented 
by  Sir  Henry  Bessemer  in  1856  in  Sheffield,  Eng- 
land. Bessemer  thought  that  his  patents  covered 
every  method  of  blowing  steel,  however,  some  years 
later  Mr.  Tropenas  obtained  a  patent  which  covered 
the  introduction  of  air  onto  the  surface  of  the  metal 
and  supplemented  this  with  an  additional  row  of  pipes 
or  "tuyeres"  which  supplied  additional  air  to  convert 
any  carbon  monoxide  (CO)  to  carbon  dioxide  (CO,) 
that  was  not  fully  burnt  by  the  lower  row  of  tuyeres. 
The  upper  tuyeres  were  later  discarded,  having  been 
found  unnecessary. 

By  this  process,  there  was  less  agitation  of  the  bath, 
less  power  was  required  for  blowing  and  the  process 
was  in  every  way  better  adapted  for  small  heats  from 
one  to  three  tons. 

The  Tropenas  process  consists  in  melting  a  mix- 
ture of  low  phos.  pig  iron  and  steel  scrap  in  an  ordi- 
nary cupola,  transferring  this  metal  to  a  converter  in 
which  a  blast  of  air  is  allowed  to  impinge  onto  the  sur- 
face of  the  metal.  The  blast  of  air  furnishes  oxygen 
which  unites  with  the  silicon,  manganese  and  carbon 
in  the  iron  forming  respectively  Silica  (SiO^),  man- 
ganese dioxide  (MnO.,),  and  carbon  monoxide  (CO), 
and  carbon  dioxide  (CO,).  Some  iron  is  also  oxidized 
forming  FoOj.  The  silica,  manganese  oxide  and  iron 
oxide  unite  to  form  a  slag  consisting  of  silicates  of  iron 
and  manganese,  while  the  carbonic  oxide  goes  off  as  a 
gas. 


This  reaction  generates  an  intense  heat  which 
raises  the  temperature  of  the  metal  several  hundred 
degrees  and  actually  converts  the  iron  into  steel.  When 
the  "blow"  is  finished,  which  is  indicated  by  the  sud- 
den dropping  of  the  flame,  we  have  a  bath  of  metal 
containing  about  .08  per  cent  to  .10  per  cent  C.  and 
traces  of  manganese  and  silicon.  The  bath  is  then 
"recarbonized"  by  the  addition  of  cold  pig  iron  or  more 
commonly  a  small  amount  of  liquid  cupola  iron ;  the 
bath  is  then  "deoxidized"  by  the  addition  of  melted  or 
lump  ferro  manganese  (80  per  cent  Mn)  and  ferro 
silicon  (50  per  cent  Si)  so  that  the  composition  of  the 
metal  for  soft  or  medium  carbon  steel  shall  be  carbon 
.25  per  cent  to  .30  per  cent,  manganese  .60  per  cent  to 
.75  per  cent,  silicon  .30  per  cent  to  .35  per  cent.  A 
small  amount  of  metallic  aluminum  is  always  added  to 
the  metal  as  a  final  deoxidizer — about  6  oz.  to  the  ton. 
The  metal  is  then  poured  into  molds.  By  this  process, 
there  is  no  attempt  made  to  lower  the  phosphorus  and 
sulphur.  It  is  an  "acid"  process,  that  is,  the  lining  of 
the  vessel  is  of  an  acid  nature,  namely,  silica.  Owing 
to  this  fact,  the  raw  material  must  be  as  low  as  pos- 
sible in  phos.  and  sulphur.  The  low  phosphorus  pig 
iron  should  not  con1:ain  over  .04  per  cent  phos.  or  sul- 
phur and  the  steel  scrap  if  it  is  bought  outside  should 
be  kent  below  .04  per  cent  in  phos.  and  sulphur  also  if 
possible. 

The  Converter. 

The  writer  will  describe  the  vessel  of  2  tons  ca- 
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pacity,  as  he  is  more  familiar  with  that  size  than  the 
one  ton  vessel.  The  body  of  the  converter  is  a  cylin- 
drical shell  made  up  of  boiler  plate  approximately  ^- 
inch  thick,  riveted,  with  a  cone  shaped  bottom  also 
riveted  to  the  shell,  and  a  dome  shaped  top  bolted  or 
keyed  to  the  top  of  shell.  See  attached  sketch  for  in- 
side dimensions.  Some  of  the  later  vessels  have  a  fiat 
bottom,  in  halves,  hinged,  similar  to  a  cupola.  The 
bottom  is  dropped  to  allow  the  vessel  to  cool  off  quickly 
for  repairs. 

The  "tuyeres"  through  which  the  air  is  admitted 
to  the  bath  are  of  the  utmost  importance,  for  it  is  upon 
them  that  the  entire  operation  depends.  They  should 
at  all  times  be  perfectly  level  and  in  line  with  each 
other  and  kept  at  the  proper  size.  They  can  be  made 
in  three  ways :  first,  special  brick  with  a  one  and  one- 
quarter  inch  diameter  hole  can  be  used.  These  brick 
are  usually  made  of  lire  clay  and  are  not  very  satis- 
factory. Second,  ganister  can  be  rammed  around  one 
and  one-quarter  inch  pipe  or  rods  and  these  pipe  later 
withdrawn.  This  is  the  usual  practice.  Third,  one 
and  one-quarter  inch  inside  diameter  pipe  can  be 
rammed  up  in  place  and  allowed  to  remain  in  the  hning 
and  used  as  "tuyeres."  This  method  requires  care- 
ful attention  on  the  part  of  the  operator,  for  if  any 
hot  metal  lodges  in  the  pipe,  it  is  difficult  to  remove. 

With  proper  attention,  the  latter  method  is  the 
best.  Seven  tuyeres  are  used  in  the  2-ton  converter. 
The  converter  is  lined  either  with  silica  brick  or 
rammed  ganister.  The  best  practice  is  to  line  with 
silica  brick  and  patch  with  ganister.  After  lining,  a 
coke  fire  is  used  to  dry  out  the  lining  for  about  24 
hours.  About  two  hours  before  the  iron  is  ready  to 
be  poured  into  the  converter,  an  oil  burner  is  inserted 
through  the  central  tuyere  and  the  vessel  heated  with 
the  oil  flame  supplemented  with  air  from  the  positive 
pressure  blower  for  more  complete  combustion.  Be- 
fore starting  the  oil  flame,  the  converter  is  first  emptied 
of  all  unburnt  coke  and  ashes. 

As  soon  as  sufficient  iron  has  been  melted  in  the 
cupola,  say  4,000  lbs.,  this  iron  is  taken  to  the  con- 
verter by  the  crane  and  poured  into  the  converter. 
Just  previous  to  this,  the  oil  burner  has  been  removed 
from  the  converter  and  the  air  shut  off.  As  soon  as 
all  the  iron  has  been  poured  into  the  converter,  the 
operator  or  "blower"  takes  his  station  at  the  back  of 
the  converter  and  signals  for  the  converter  man  to  tip 
the  vessel  back.  The  blower  puts  on  his  blue  glasses 
and  looks  through  the  tuyeres  while  the  vessel  is  being 
slowly  tipped  back.  As  soon  as  the  metal  comes  up 
to  the  bottom  side  of  the  tuyere  hole,  he  stops  the 
vessel.  The  metal  should  come  almost  but  not  quite 
in  the  tuyeres.  The  vessel  should  now  be  standing  at 
an  angle  of  from  6  to  10  degrees  from  the  vertical — 7 
degrees  is  the  best  angle  for  blowing.  If  the  angle  is 
greater  than  that,  some  iron  must  be  poured  out  of  the 
converter;  if  the  angle  is  less  than  six  degrees,  more 
iron  must  be  put  in  the  converter.  The  numbers  of 
degrees  is  shown  on  a  dial  placed  at  the  side  of  the 
converter.  When  the  proper  amount  of  iron  has  been 
put  in  the  converter  and  the  tuyeres  are  set  correctly, 
the  blast  is  turned  on  from  the  positive  pressure 
blower.  This  blower  should  be  of  a  proper  size  to  de- 
liver air  at  a  pressure  of  from  2%  lbs.  to  3)4  lbs.  to 
the  square  inch  through  the  seven  one  and  one-quarter 
inch  tuyeres.  This  requires  a  No.  4  Root  or  Wilbra- 
ham-Green  Blower. 

This  pressure  of  3%  lbs.  to  3  lbs.  is  at  once  put  on 


the  converter.  At  once  sparks  and  smoke  are  emitted 
from  the  mouth  of  the  converter  gradually  increasing 
in  volume  until  at  the  end  of  from  3  to  5  minutes  a 
flame  shows  at  the  mouth  of  the  vessel.  This  flame 
gradually  increases  in  intensity  until  at  the  end  of 
from  10  to  12  minutes  from  the  start  of  the  blow  the 
"boil"  commences,  at  which  time  the  pressure  must  be 
reduced  in  order  to  prevent  metal  from  being  thrown 
out  of  the  vessel.  The  "boil"  continues  for  from  one 
to  three  minutes  the  flame  increases  in  size  and  the 
air  pressure  is  again  increased  to  about  2^  lbs.  The 
blowing  is  continued  for  about  8  minutes  when  the 
flame  again  increases  in  size  but  with  less  tendency  for 
the  metal  to  be  thrown  out  of  the  vessel.  The  flame 
after  about  one  minute  suddenly  "drops"  or  becomes 
shorter  by  one-third  which  marks  the  end  of  the  blow. 
The  converter  is  then  "turned  down"  as  rapidly  as  pos- 
sible and  the  air  shut  ofT.  The  bath  is  now  ready  for 
the  deoxidizers.  The  ferro  manganese  may  be  added 
cold  in  lump  form  by  wetting  the  lumps  and  throwing 
them  into  the  bath  or  this  alloy  may  be  broken  up  into 
small  pieces  and  thrown  into  the  ladle  while  the  metal 
is  running  in,  or  the  alloy  may  be  ground  fine  and  pre- 
heated in  the  ladle  and  the  metal  poured  onto  it.  The 
ferro  silicon  using  the  50  per  cent  alloy  is  put  in  the 
ladle.  Aluminum  is  also  added.  Points  to  be  watched 
in  blowing: 

As  soon  as  the  carbon  flame  shows,  the  vessel  must 
be  tipped  back  toward  the  vertical  about  2  degrees. 
The  first  stage  of  the  blow  from  the  time  the  air  is 
put  on  until  the  carbon  flame  shows,  is  the  period  of 
great  importance.  During  this  time,  the  silicon  is  be- 
ing burnt  or  oxidized  from  silicon  to  silica  (Si  plus  O, 
equals  S:©^),  and  also  the  manganese  and  some  iron, 
but  these  are  of  less  importance,  as  heat  producers  than 
the  silicon.  Bear  this  point  always  in  mind :  The 
silicon  is  the  heat  producer  in  the  converter  process. 

If  the  melted  iron  from  the  cupola  is  deficient  in 
silicon,  regardless  of  the  temperature  of  this  iron,  the 
blow  will  come  cold  unless  additional  silicon  is  added 
during  the  blow.  The  silicon  content  of  the  cupola 
iron  should  be  about  1.8  per  cent.  The  first  period  of 
the  blow  should  last  from  3  to  5  minutes.  If  less  than 
3  minutes,  additional  silicon  should  be  added  at  once 
by  throwing  into  the  converter  lump  50  per  cent  ferro 
silicon  usually  about  20  pounds. 

If  the  first  period  is  longer  than  five  minutes,  the 
silicon  is  too  high  and  a  "sloppy"  "wild"  blow  will 
usually  result.  This  can  be  corrected  in  subsequent 
blows  by  lowering  the  silicon  in  the  charge.  The 
length  of  the  first  period  is,  of  course,  dependent  on 
the  proper  setting  of  the  tuyeres.  As  a  rule,  before 
starting  to  set  the  tuyeres,  the  vessel  should  be  turned 
down  to  a  horizontal  position  and  the  metal  thorough- 
ly skimmed.  Then  set  the  vessel  so  that  the  metal 
shows  just  at  the  under  side  of  the  tuyeres.  If  this 
is  done  properly,  the  above  remarks  in  regard  to  the 
length  of  time  of  the  first  period  will  hold  good. 

The  Cupola  Charge. 

The  charge  is  made  up  of  low  phosphur  pig  iron  and 
steel  scrap,  from  30  per  cent  to  50  per  cent  steel  scrap 
is  used.  The  charge  is  figured  so  that  the  silicon  in 
the  melted  iron  will  be  1.80  per  cent  Si.  allowing  .25 
per  cent  loss  of  silicon  in  melting.  Thus:  Suppose  the 
pig  iron  contains  3.25  per  cent  silicon  and  the  steel 
scrap  .25  per  cent  silicon,  then  a  charge  of  1,000  lbs. 
of  the  mixture  will  contain  600  lbs.  pig  iron  and  400 
lbs.    steel    scrap.     600x3.25    equals    19.5    lbs.    silicon. 
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400X-25  equals  1.0  lbs.  silicon. 

Total  20.5  lbs.  silicon. 

Then  20.5  X  100  equals  2.05  per  cent  silicon  going 
into  cupola.  Allowing  .25  per  cent  loss,  we  have 
2.05  —  .25  equals  1.80  per  cent  silicon  coming  out  of 
cupola. 

Final  additions: 

Ferro  manganese  if  used  in  the  ladle. 

It  will  require  about  20  lbs.  of  the  80  per  cent  alloy 
to  the  ton  to  give  .70  per  cent  Mn  in  the  steel. 

It  will  require  about  12  lbs.  to  the  ton  of  50  per 
cent  ferro  silicon  to  give  .30  per  cent  silicon  in  the  steel. 

Costs : 

Assuming  low  phos.  pig  at $40.00  ton 

Own  steel  scrap 35.00  ton 

Outside  steel  scrap.  .  .  .  12.00  ton 

Ferro  manganese 60.00  ton 

Ferro  silicon  60.00  ton 

Coke 6.00  ton 


Assume  charge  of  60  per  cent  pig  iron  and  40  per 
cent  steel  scrap.  Assume  a  combined  cupola  and  con- 
verter melting  loss  of  18  per  cent. 

Then: 

Cost  of  1,200  lbs.  pig  iron  equals $21.43 

Cost  of      800  lbs.  steel  scrap  equals.  .  .  .     9.40 

Total $30.83 

Allowing  18  per  cent  loss,  cost  per  ton.  .$36.38 
Cost  of    20  lbs.  ferro  manganese  equals.  .        .60 

Cost  of    12  lbs.  ferro  silicon  equals 36 

Cost  of  300  lbs.  coke 90 

Cost  of  repairs   1.00 

Cost  per  ton  steel  in  ladle  e.xclusi\e 

labor    .' $39  24 


Breakage  of  Rolls  on  Sheet  and  Tin  Mills 

A  General  Discussion  on  the  Characteristics  of  Sheet  and  Tin  Mill 
Rolls  Showing  the  Causes  for  Breakage  and  How  to  Avoid  Them. 

By  W.  H.  MELANEY 


PART  I 


A   GREAT  deal  of  mystery  has  always  been  asso- 
ciated with  the  breakage  of  rolls  on  Sheet  and  Tin 
Mills  and  very  few  mill  managers  attribute  it  to 
exactly  the  same  cause. 

All  of  them  will  agree  that  heat  is  the  most  prolific 
source  of  the  trouble,  but  few  of  them  ever  try  to  rea- 
son out  why  this  is  true,  and  fewer  still  seem  to  realize 
the  small  amount  of  heat  that  is  required  to  produce 
disastrous  results  under  certain  conditions. 

In  order  to  get  a  clear  understanding  of  conditions, 
it  will  be  necessary  to  first  consider  the  composition 
of  and  method  of  casting  these  rolls,  and  the  radical 
difiference  in  structure  between  the  rolling  surface  of 
the  roll  and  the  mass  of  metal  that  composes  its  in- 
terior and  just  what  happens  when  these  two  very 
dift'erent  structures  are  suddenly  heated. 

It  is  true  of  course,  that  the  chemical  composition 
of  both  structures  are  approximately  the  same,  as  they 
are  both  poured  from  the  same  ladle  of  metal.  But 
due  to  the  conditions  under  which  they  are  cooled 
down  to  the  temperature  at  which  the  metal  sets  or 
assumes  the  non-fluid  state,  there  will  necessarily  be 
a  slight  difiference  in  the  proportions  of  the  various  ele- 
ments that  go  to  make  up  the  whole  mass,  especially  in 
the  carbons. 

Casting  a  Chilled  Roll. 

AH  chilled  rolls  are  cast  in  an  upright  position.  The 
mold  being  of  a  composite  structure,  as  shown  at  (Fig. 
1).  in  which  the  rolling  surface  of  the  roll  is  cast  in 
a  heavv  cast  iron  mold,  and  the  necks  and  wabblers 
in  sand. 


Characteristics  of  Chill  Irons. 

It  is  a  characteristic  of  cast  iron  of  the  composition 
of  which  chilled  rolls  are  made,  that  if  it  is  suddenly 
cooled  from  its  molten  state  below  the  temperature  at 
which  it  sets  or  becomes  a  solid  mass,  that  the  portion 
so  cooled  will  assume  a  crystalline  form. 

This  is  due  to  the  carbon  which  is  all  believed  to 
be  in  the  combined  form  when  iron  is  in  a  molten  state. 
If  there  is  no  element  in  excess,  such  as  silicon  or  man- 
ganese, to  force  it  out  of  combination  in  cooling  by 
permitting  it  to  change  from  combined  or  crystalline 
carbon,  to  that  of  graphitic  carbon,  then  when  the 
molten  iron  is  suddenly  cooled,  the  carbon  will  prac- 
tically all  remain  in  the  combined  or  crystalline  form. 
Therefore,  in  casting  a  chilled  roll,  that  portion  of  the 
mass  that  can  be  so  suddenly  cooled  will  retain  its 
crystalline  form  and  become  a  solid  white  mass,  as 
hard  as  hardened  steel  with  its  crystals  at  right  angles 
to  the  chilling  surface,  while  the  metal  contiguous  to 
it  for  a  certain  depth,  will  be  of  a  speckeled  or  sprayed 
appearance,  partly  crystalline  and  partly  granular,  as 
a  part  of  its  carbon,  due  to  slower  cooling,  will  pre- 
cipitate out  into  the  form  of  graphitic  carbon,  thus 
causing  this  sprayed  appearance. 

This  sprayed  portion  will,  in  an  ideal  mixture,  be 
approximately  of  the  same  depth  as  the  white  hard 
crystalline  portion,  while  all  of  the  rest  of  the  mass 
of  metal  down  to  the  center  of  the  roll,  will  be  ganular. 
The  still  slower  cooling  permitting  most  of  its  carbon 
to  assume  the  graphitic  form  and  as  graphite  is  almost 
black  in  color,  this  part  of  the  roll  will  be  of  a  dark 
gray  color,  in  sharp  contrast  to  the  white  chilled  poT- 
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tion  or  the  light  gray  sprayed  portion.  The  white 
crystalline  portion  known  as  the  chill  on  sheet  or  tin 
mill  rolls,  will  vary  from  3<^  in.  to  j4  in.  deep.  The 
longer  rolls  having  the  lighter  depth  of  chill. 

Form  of  Mold. 

(Fig.  1)  is  a  sectional  view  of  a  mold,  such  as  a 
chilled  roll  is  cast  in. 

The  lower  portion  "A"  consisting  of  an  iron  flask 
rammed  with  moldinj^'  sand  which  contains  the  lower 
neck  and  wabbler  of  the  roll.  The  middle  portion  "B" 
is  a  thick  cast  iron  cylinder,  bored  out  to  suit  the 
diameter  of  rolls  wanted  and  in  which  the  body  of  the 
roll  is  cast.  The  top  portion  "C"  also  an  iron  flask 
rammed  with  sand  and  containing  the  top  neck  and 
wabbler,  as  well  as  the  sinking  head. 

The  sinking  head  is  used  to  prevent  piping  or  hol- 
lowness  in  the  top  wabbler,  by  feeding  liquid  metal 
to  this  portion  as  the  roll  slowly  cools,  and  is  later 
cut  off  when  the  roll  is  turned  to  size. 

When  this  mold  is  filled  with  molten  cast  iron  of 
the  proper  chemical  composition,  that  portion  in  con- 
tact with  the  iron  cylinder  "B"  is  rapidly  cooled  as 
iron  being  a  good  conductor  of  heat,  absorljs  and  radi- 
ates the  heat  of  the  molten  metal  in  contact  with  it 
until  its  setting  point  is  reached,  and  which  only  re- 
quires a  few  seconds. 

The  result  is  a  crystalline  mass  of  white  hard  chill 
of  a  given  depth,  depending  upon  the  chemical  compo- 
sition of  the  mixture. 

The  sprayed  portion  being  due  to  the  tapering  off 
of  the  cooling  action  as  this  metal  is  out  of  contact  with 
the  chilling  action  of  the  cylinder  "B" 

The  dark  gray  mass  beyond  the  sprayed  portion 
being  still  further  away  from  the  chilling  action,  is  per- 
mitted to  cool  gradually  thus  permitting  the  bulk  of 
the  carbon  to  assume  the  graphitic  form  and  produce 
a  granular  structure.  The  molten  metal  in  those  por- 
tions of  the  mold  which  are  rammed  up  with  sand,  due 
to  sand  being  a  very  poor  conductor  of  heat,  cools  so 
slowly  that  even  the  surface  shows  no  crystalline  nature 
and  is  all  of  a  dark  comparatively  soft  granular  struc- 
ture, the  same  as  the  center  of  the  roll. 

Physical  Characteristics  of  the  Roll. 

A  little  reasoning  will  prove  to  you  that  here  you 
have  a  composite  structure  in  the  resulting  roll  show- 
ing at  least  three  clearly  defined  physical  character- 
istics. 

A  white  hard  portion,  say  -)4  in.  deep  with  a  total 
shrinkage  of  34  i'l-  to  the  {oot  and  which  expands 
rapidly  on  heating. 

A  sprayed  portion  of  approximately  the  same  depth 
with  a  slower  rate  of  shrinkage  approximately  3/16  in. 
to  the  foot  and  expanding  slower  than  the  white  hard 
portion.  And  a  dark  gray  mass  in  all  the  rest  of  the 
roll  of  a  gfranular  structure  with  only  Ys  in.  contraction 
to  the  foot,  and  having  a  still  slower  rate  of  expansion 
on  being  heated.  All  three  of  these  characteristics  be- 
ing assembled  in  one  inseparable  heterogeneous  mass. 

It  requires  very  little  thought  to  convince  yourself 
that  if  the  outer  surface  of  the  roll  with  a  contraction 
practically  double  that  of  the  inside  mass  did  not  get 
most  of  its  contraction  while  the  inside  was  still  fluid, 
that  it  would  tear  itself  apart  in  cooling,  during  the 
casting  process,  and  this  sometimes  happens. 

Also  that  the  casting  strains  would  wreck  it  but 


this  is  taken  care  of  by  prolonging  the  final  cooling 
of  the  roll  over  a  long  period  of  time  to  permit  the 
molecules  to  gradually  re-arrange  themselves. 

The  chilled  surface  due  to  contraction  soon  gets 
out  of  contact  with  its  iron  mold,  which  also  due  to 
the  absorbtion  of  heat  rapidly  expands  and  increases 
the  distance  between  it  and  the  chilled  surface  of  the 
roll  with  the  result  that  this  chilled  portion  is  grad- 
ually raised  in  temperature,  by  the  molten  metal  of 
the  interior,  permitting  a  certain  amount  of  annealing 
action  to  take  place,  thus  relieving  the  casting  strain. 

Preparing  the  Rolls  for  Rolling  Sheets. 

After  the  rolls  have  been  turned  they  are  placed  in 
the  mill  housings  preparatory  to  rolling  sheets.  Fin- 
ishing rolls  of  this  type  are  of  necessity  used  hot  and 
a  final  working  temperature  of  750  degrees  F.  has  been 
found  to  give  the  best  results  in  practice,  but  if  this 
temperature  was  permitted  to  extend  into  the  necks, 
it  would  be  found  impossible  to  keep  the  necks  lubri- 
cated, as  the  lubricating  grease  would  catch  fire  and 


Fig.  1. 

burn  up,  leaving  the  necks  dry.  Therefore,  a  small 
amount  of  water  is  permitted  to  trickle  over  the  neck 
or  wabbler  to  absorb  a  part  of  this  heat  and  keep  the 
necks  cool  enough  for  proper  lubrication  but  no  water 
is  permitted  to  touch  the  rolling  surface  of  the  roll. 
The  temperature  of  the  ends  of  the  roll  being  regulated 
by  the  water  on  the  necks. 

Concaving  Rolls. 

The  center  of  the  rolling  face  of  a  roll  is  always 
the  hottest  point  when  in  service,  due  to  the  ends  of 
the  rolls  having  a  portion  of  their  heat  radiated  out 
through  the  necks  and  wabblers.  The  center  of  the 
rolls  being  almost  twice  as  hot  as  the  ends. 

This  causes  the  center  of  the  rolls  to  puff  up  and 
the  surface  would  become  convex  if  some  means  were 
not  employed  to  prevent  it.  A  perfectly  flat  surface 
or  one  in  which  the  surface  of  the  rolls  are  in  contact 
over  the  entire  working  face,  is  desired,  as  under  these 
conditions  only  can  wide  sheets  be  rolled. 

This  condition  is  easiest  produced  by  turning  in  the 
face  of  either  one  or  both  rolls  a  concavity  equal  to  the 
amount  of  convexity  that  would  otherwise  result. 

When  the  rolls  are  at  proper  working  temperature, 
this  concavity  disappears,  due  to  the  puffing  up  of  the 
center  of  the  rolls  from  expansion  by  heat.  The  trick 
being  to  keep  this  puffing  up  under  complete  control 
so  that  it  is  neither  too  great  nor  too  little  to  give  the 
rolls  an  even  bearing  along  their  rolling  face. 

The  usual  method  of  control  being  the  blowing  of 
air  or  steam  upon  the  center  of  the  rolls  to  regulate  the 
expansion,  as  even  the   temperature  of  dry  steam   is 
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much  below  the  working  temperature  of  the  rolls  and 
will  rapidly  reduce  their  heat,  thus  preventing  their 
pufliiig  up  too  much  in  the  center. 

Heating  the  Rolls  for  Service. 

As  rolls  when  first  placed  in  service  are  of  a  tem- 
perature corresponding  to  that  of  the  surrounding  air, 
it  is  evident  that  due  to  the  concavity  previously  turned 
in  them,  the)'  would  only  be  in  contact  on  each  end 
of  the  roll,  see  (Fig.  2),  and  as  this  condition  would 
prohibit  the  rolling  of  sheets  of  even  gauge  over  their 
entire  width,  it  becomes  necessarv  to  first  heat  the  rolls 
in  order  to  pufif  up  the  middle  until  this  concavity  dis- 
appears, (see  Fig.  3),  before  wide  sheets  can  be  rolled 
on  them. 

Causes  of  Breakage. 

Right  here  is  where  all  the  trouble  starts  as  very 
few  of  the  operatives  seem  to  realize  the  extreme  sensi- 
tiveness of  these  rolls  to  heat  conditions,  and  what  is 
really  taking  place  during  this  warming  up  process, 
or  how  little  heat  is  sufficient  when  quickly  applied, 
to  tear  the  rolls  apart. 

A  roll  can  be  broken  with  a  temperature  scarcely 


, 

1 

' 

showing  concauem  rdlk  before  heating 
Fig.  2. 


age  occurs  in  the  fore  part  of  the  week  before  the  rolls 
have  reached  their  final  working  temperature,  also 
there  is  more  breakage  in  the  e.xtremely  cold  winter 
months  than  in  the  summer  time,  due  to  the  lower  tem- 
perature at  which  the  warming  up  starts  and  it  is  the 
writer's  opinion  that  no  matter  when  the  roil  actually 
lets  go  the  condition  that  finally  put  it  out  of  com- 
mission was  started  on  the  warming  up  turn. 

5th.  That  it  is  a  heat  condition  rather  than  a  torsion 
or  bending  stress  that  breaks  these  rolls,  is  self-evi- 
dent when  you  consider  that  the  wabbler  of  a  roll  on 
the  leading  mill,  with  only  one-third  the  area  of  the 
body  of  the  roll  must  transmit  all  of  the  torsional  stress 
of  all  the  mills  on  that  side  of  the  drive.  Yet  few 
wabblers  are  broken  off  in  comparison  to  the  number 
of  rolls  that  are  broken  through  the  body  although  the 
body  only  carries  its  individual  load. 

6th.  That  the  remedy  for  roll  breakage  is  a  better 
and  slower  means  of  warming  them  up  until  they  reach 
the  proper  rolling  temperature,  which  is  assumed  to 
be  that  which  will  produce  a  bright  blue  color  on  the 
chilled  surface  of  the  roll. 


TV- 


Samerolk  heated  to  u/orking  temperature 

Fig.  3. 


too  hot  to  bear  the  hand  on  if  it  is  applied  quick  enough, 
and  the  following  conditions  are  believed  by  the  writer, 
to  be  the  most  prolific  source  of  trouble. 

1st.  The  chilled  surface  of  the  roll  as  previously 
stated  has  an  e.xpansion  approximately  twice  that  of 
the  gra}'  granular  interior. 

2nd.  Under  all  the  present  day  processes  of  warm- 
ing up,  this  chilled  surface  of  the  roll  is  the  first  part 
to  be  heated,  thus  accentuating  an  already  precarious 
condition,  as  the  chilled  surface  must  of  necessity  be- 
come quite  hot  before  the  gray  metal  behind  it  is  even 
warm.  This  is  conclusively  shown  when  rolls  some- 
times break  before  a  half  dozen  bars  have  been  rolled 
on  them  and  when  the  heat  in  the  roll  is  not  sufficient 
to  even  discolor  the  fracture  and  in  deep  chilled  rolls 
many  are  broken  simply  by  the  warming  up  and  before 
even  a  bar  has  been  rolled  on  them. 

3rd.  Many  seemingly  perfect  rolls  are  broken  dur- 
ing the  warming  up  process  when  there  is  no  pack  in 
the  mill.  This  is  caused  by  the  surface  of  the  roll  be- 
coming heated  so  rapidly  that  the  interior  of  the  roll 
did  not  get  warm  enough  to  expand  the  slight  amount 
its  preponderating  mass  would  require,  to  take  care 
of  the  very  rapid  expansion  of  the  face  or  chilled  por- 
tion, and  the  roll  is  torn  in  two. 

4th.    It  is  a  known  fact  that  most  of  the  roll  break- 


7th.  While  it  is  unquestionably  true  that  when  a 
roll  is  subjected  to  excessive  torsional  anil  bending 
stresses  at  the  same  time  the  rapid  expansion  of  Us 
face  is  taking  place,  the  danger  of  breakage  is  greatly 
increased,  the  primary  and  most  responsible  cause  of 
breakage  is  the  too  rapid  heating  of  the  face  of  the 
roll  by  heat  applied  solely  from  the  outside  through 
this  crystalline  face  before  the  center  of  the  roll  has 
even  had  a  chance  to  become  warm. 

8th.  The  gagging  of  rolls  due  to  excessive  screw 
or  poor  top  neck  lubrication,  will  result  later  on  in 
both  rolls  breaking  as  the  sticking  of  the  hot  bar  be- 
tween the  rolls  causes  an  excessive  heating  of  this 
one  spot  on  the  rolls  circumference,  starting  a  frac- 
ture in  the  chilled  face  of  the  roll  that  either  causes  it 
to  spawl  or  break  later  on  and  it  can  be  safely  figured 
that  ever}-  time  a  gag  occurs  that  it  means  shorter  life 
for  that  pair  of  rolls. 

9th.  A  broken  coupling  box  or  spindle  which  is  not 
considered  by  the  average  operative  as  an  abuse  of  the 
rolls  because  it  is  more  or  less  beyond  his  control  may 
be  much  worse  than  a  gagged  roll  because  under  this 
condition  perhaps  several  stands  of  rolls  are  stopped 
with  the  hot  bars  between  them. 

10th.  Last  but  by  no  means  least  is  permitting  the 
temperature  of  the  rolls  to  vary  greatly  up  or  down  by 
irregular  operation  of  the  mill. 
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Acid  Open  Hearth  Process  for  Manufacture 
of  Gun  Steel  and  Fine  Steel 

Detailed  Description  of  This  Manner  of  Work,  Giving  the  Various 
Steps  of  Manufacture — Result  of  Investigations  Made  by  Special 
Committee  as  to  Difficulties  Encountered. 

By  W.  p.  BARBA  and  HENRY  M.  HOWE 

TART  III 


5 1 .  Prevention  of  Transverse  Cracks  by  Giving  the 
Crust  of  the  Ingot  Firm  Salient  Ties. — (a)  The  ingot 

may  be  torn  transversely,  not  only  by  the  resistance 
of  the  slower  cooling,  deeper  seated  layers  to  its  longi- 
tudinal contraction,  but  also  by  any  other  impediment 
to  that  contraction,  for  instance  by  its  being  caught 
at  its  top  by  a  fin,  or  by  some  roughness  in  the  mold. 
In  this  case  the  weight  of  the  part  of  the  ingot  below 
the  obstruction  may  suffice  to  cause  transverse  cracks, 
especially  because  its  effect  is  always  aggrevated  by 
the  resistance  of  the  slower  cooling,  deeper  seated 
layers  to  the  faster  longitudinal  contraction  of  the 
skin.  Mechanical  attachment  of  the  upper  part  of  the 
ingot  to  the  mold  is  more  likely  to  occur  when  the 
large  end  of  the  ingot  is  uppermost.  The  obstruction 
to  longitudinal  contraction  is,  of  course,  all  the  worse 
if  the  ingot  is  caught  at  both  ends  by  the  mold. 

(b)  In  order  to  prevent  this  transverse  cracking 
by  excessive  longitudinal  stress,  the  ingot  should  be 
provided  with  saliences  which,  by  outrunning  the  cool- 
ing of  the  non-salient  parts,  become  in  fact  more  or 
less  firm  ties.  The  four  main  edges  of  a  square  ingot 
are  such  saliences,  which  thus  become  longitudinal  ties, 
and  by  their  integral  union  with  the  metal  of  the  faces 
of  the  square  tend  to  prevent  it  from  being  torn  trans- 
versely by  the  longitudinal  stress. 

52.  Octagonal  and  Square  Molds. — (a)  The  chief 
advantage  of  an  octagon  is  that  it  has  twice  as  many  of 
these  supporting  edges  to  act  as  longitudinal  ties,  and 
prevent  the  faces  between  from  being  torn  across  by 
any  resistance  to  the  longitudinal  contraction  of  the 
ingot. 

(b)  It  might  at  first  be  thought  that,  if  increasing 
the  number  of  faces  from  four  in  a  square  to  eight  in 
an  octagon  is  an  advantage,  we  should  get  a  further 
advantage  by  still  further  increasing  them  to  twelve 
or  even  more.  In  some  works  ingots  with  as  many  as 
twelve  edges  are  made.  But  if  we  push  this  too  far 
we  fail  to  accomplish  what  we  seek.  If  the  number  of 
edges  were  infinite,  the  ingot  would  be  a  cylinder.  It 
would  in  the  first  place  have  the  most  unaccommo- 
dating shape  possible,  and  in  the  second  place  would 
have  no  ties  for  preventing  the  cracking  of  the  faces. 
The  more  edges  there  are,  the  less  can  each  edge  pro- 
ject beyond  the  faces  between  which  it  lies,  without 
running  the  risk  of  cracking  in  cooling,  and  of  folding 
in  forging,  and  the  less  therefore  can  it  outrun  the  cool- 
ing of  the  faces  and  the  less  support  can  it  give  them. 

(c)  The  purpose  of  making  the  faces  of  the  octa- 
gon concave  is  to  give  its  eight  edges  greater  salience, 


so  as  to  increase  the  degree  to  which  they  outrun  the 
cooling  of  the  faces  between  them,  and  thus  to  increase 
the  support  which  they  offer  them. 

(d)  The  square  has  the  further  disadvantage  when 
compared  with  the  octagon  that  its  corners  in  cooling 
tend  to  outrun  the  intermediate  faces  so  greatly  that 
a  sort  of  St.  Andrew's  cross,  or  plane  of  weakness  run- 
ning diagonally  from  corner  to  corner  of  the  square, 
forms  readily.  It  is  the  junction  of  columnar  crystals 
out  from  the  adjoining  faces. 

This  tendency  should  be  lessened,  first  by  making 
the  mold  much  thinner  at  the  corners  than  at  the  faces 

TABLE  1.— DIMENSIONS  OF  INGOT  MOLDS 


Nominal           18 

26 

35 

40 

45 

Size.            In.  Sq. 

In.  Oct. 

In.  Oct. 

In.  Oct. 

In.  Oct. 

Radii,  in  in.: 
of  edges    . . 
of  fluting   . 

1.50 
14.875 

1.50 
20.00 

1.50 
20.00 

1.25 
28.00 

Taper,  inches, 

of  diameter 
per   foot   of 
height    ....   0.3985 

0.4220 

0.4232 

0.4305 

0.4148 

Height,    in... 60.25 

87.312 

76.062 

78.375 

76.75 

Ratio      height 
to      nominal 
diameter     .  .   3.35:1 

3.36:1 

2.17:1 

1.96:1 

1.71:1 

Ratio.      thick- 

ness   of    in- 
got to  thick- 

ness of  wall 

at    top    5.38:1 

-At    bottom.   2.30:1 

4.29:1 
2.63:1 

4.21:1 
3.17:1 

4.46:1 
3.18:1 

4.57:1 
3.81:1 

of  the  square,  and  second  by  rounding  the  corners. 
Yet  this  rounding  should  leave  them  as  sharp  as  is 
compatible  with  their  not  crusting  during  pouring,  and 
with  their  not  forming  these  diagonal  planes  of  weak- 
ness, because  to  dull  them  brings  the  periphery  toward 
the  cylindrical  form,  and  thus  lessens  its  power  of  ac- 
commodating itself  to  the  resistance  of  the  slower  cool- 
ing interior.  In  general,  the  radius  of  the  faces  is  about 
half  the  diameter  of  the  ingot. 

Square  ingots  may  well  have  concave  sides  between 
the  corners  of  the  square,  if  they  are  to  be  bloomed, 
so  that  they  may  ride  more  easily,  and  be  the  more 
easily  guided,  on  the  feeding  table  of  the  blooming 
mill ;  whereas  they  are  frequently  made  convex  when 
the  ingot  is  to  be  forged.  In  an  octagonal  ingot,  the 
faces  should  have  the  shortest  radius,  and  the  edges 
the  greatest  salience,  which  will  not  lead  to  the  for- 
mation of  folds  in  forging. 
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(e)  An  additional  reason  for  not  making  the  ver- 
tical edges  of  either  the  square  or  the  octagonal  mold 
too  strongly  salient,  is  that  the  salience,  if  too  strong, 
would  outrun  the  rest  of  the  ingot  in  heating  for  forg- 
ing so  greatly  as  to  be  in  danger  of  being  burned. 
There  are  other  limiting  considerations  which  could 
be  discussed,  were  it  not  for  Inirdening  this  paper  with 
too  much  detail. 

53.  Examples  of  Molds. — Table  1  gives  the  di- 
mensions of  ingot  molds  of  five  different  sizes  from 
very  good  practice.  The  molds  would  probably  be 
improved  by  thinning  their  walls  at  the  top  and 
thickening  them  at  the  base.  The  tapering  of  the  mold 
walls  has  been  carried  out  successfully  ever  since  1897 
in  making  fine  steels. 

One  steel  maker  advises  that,  for  ingots  about  24 
in.  in  diameter,  the  ratio  of  the  cross-section  of  the 
mold  to  that  of  the  ingot  should  be  two  to  one  at  the 
bottom  and  a  little  more  than  one  to  two  at  the  top. 
though  this  may  make  the  mold  too  fragile  at  the  top 
for  rough  work.  On  the  other  hand  for  ingots  more 
than  24  in.  in  diameter,  the  two  to  one  ratio  would 
give  the  bottom  of  the  mold  a  clumsiness  that  would 
hardlv  be  compensated  for  bv  the  extra  heat  which  it 
would  absorl)  from  the  ingot  bottom.  Hence  this  ratio 
should  decrease  as  the  diameter  of  the  ingot  increases 
beyond  24  inches. 

54.  Hot  Top  and  Discard. — (a)  The  rntio  of  the 
steel  in  the  hot  top  to  that  in  the  ingot  proper  should, 
in  general,  be  from  15  to  25  per  cent,  according  to  the 
specifications  as  to  top  discard.  For  instance,  for  gun 
steels  the  Government  requires  30  per  cent,  ton  dis- 
card. It  is  convenient  and  wise  to  let  25  of  this  30  per 
cent  be  made  up  by  the  steel  contained  in  a  sand-lined 
sink  head,  and  the  remaining  5  per  cent  by  the  few 
inches  of  the  top  of  the  ingot  proper  which  could  not 
be  used  for  gun  steel  in  any  event,  because  they  form 
the  joint  between  the  ingot  and  the  skin  head. 

(b)  The  purpose  of  the  discard  is  to  remove  any 
mechanically  unsound  parts,  and  any  that  are  unduly 
enriched  in  phosphorus  and  sulfur  by  segregation. 
With  the  use  of  a  hot  top.  and  with  well-made  steel 
carefully  poured,  there  is  much  less  than  30  per  cent 
of  the  ingot  that  is  subject  to  mechanical  unsoundness. 
Moreover  with  well-made,  thoroughly  deoxidized 
steels  very  free  from  phosphorus  and  sulphur,  such  as 
can  be  made  in  the  electric  furnace,  the  content  of 
phosphorus  and  of  sulphur  cannot  become  harmfully 
great  even  at  the  local  enrichment  at  the  ingot  top. 
Hence  it  is  expected  that  this  30  per  cent  top  discard 
will  be  reduced  to  20  per  cent,  or  even  less  in  special 
cases.    This  would  be  wholly  justified. 

(c)  The  use  of  sink  heads  of  sand  in  top  pouring 
is  open  to  the  objection  that  the  stream  of  very  hot 
steel,  running  down  in  the  neighborhood  of  the  sand. 
is  apt  to  heat  it  so  suddenly  and  so  highly  that  it  dis- 
integrates, so  that  enough  of  it  runs  down  into  the 
mold  to  add  appreciably  to  the  inclusions. 

(d)  The  use  of  carbonaceous  material  in  the  sink- 
head  implies  a  certain  danger  that  the  carbon  may 
be  taken  up  by  the  upper  layers  of  steel,  and  may  be 
carried  down  to  a  very  considerable  depth,  partly  by 
diffusion  and  partly  by  convection.  Sulphur  prints  of 
ingots  have  shown  clearly,  what  was  indeed  evident  on 
careful  consideration,  that  there  is  a  very  great  degree 
of  sagging  down  or  sinking  down  along  the  axis  of  the 
ingot. 


55.  Top  and  Bottom  Pouring.  —  Bottom  pouring 
has  the  advantages : 

(a)  That  in  it  the  upper  surface  of  the  molten 
metal  is  visible  throughout  the  operation,  for  the  guid- 
ance of  the  pourcr,  whereas  during  the  early  part  of 
top  pouring  from  a  bottom-poured  ladle  the  ladle  itself 
cuts  off  our  view  of  the  surface  of  the  ingot.  This  dis- 
advantage of  top  pouring  may  sometimes  be  avoided 
by  pouring  from  a  lip.  or  through  a  head  box. 

(b)  That  the  surface  is  not  disturbed,  as  in  top 
pouring,  by  the  impact  of  a  falling  stream  of  metal, 
and  hence  that  its  indications  are  more  decisive,  more 
easily  interpreted. 

Both  these  advantages  are  of  less  weight  for  very 
wide  ingots  than  for  those  of  intermediate  size,  because 
the  surface  of  the  former  becomes  fully  visible  earlier, 
and  is  less  disturbed  by  a  descending  top  poured  stream 
than  that  of  the  latter. 

(c)  That  it  permits  group  pouring,  leading  to  great 
uniformitv  of  conditions  among  the  ingots  of  a  given 
lot. 

(d)  That  during  all  but  the  latter  part  of  the  pour- 
ing, the  rapid  uprush  of  the  stream  along  the  axis  of 
the  mass  tends  to  lessen  the  quantity  of  heat  which 
it  transfers  to  the  lower  part  of  the  ingot,  and  to  in- 
crease correspondingly  that  which  it  gives  to  the  ingot 
top,  thus  lessening  the  tendency  to  pipe.  This  effect 
of  bottom  pouring  is  favored  by  the  shape  which  the 
inner  surface  of  the  walls  of  the  ingot  assumes,  that 
of  an  inverted  cone.  This  merit  of  bottom  pouring 
increases  with  the  velocity  of  the  uprising  stream,  and 
hence  increases  with  the  size  of  the  ingot,  and  decreases 
as  the  pouring  progresses. 

(e)  That  it  avoids  cutting  the  bottom  of  the  mold 
by  the  impact  of  the  falling  stream  of  metal,  as  occurs 
in  top  pouring  of  long  ingots. 

On  the  other  hand  bottom  pouring  is  at  a  dis- 
advantage : 

(f)  In  needing  more  complicated  molds,  more  ex- 
pensive to  place. 

(g)  In  scrapping  some  of  the  metal  in  the  form  of 
runners,  etc. 

(h)  In  its  liabilit}-  to  befoul  the  steel  with  matter 
cut  or  fluxed  from  the  runner  bricks. 

(i)  In  increasing  the  danger  of  "run-outs"  by  its 
keeping  the  metal  in  the  runners  molten. 

(j)  In  giving  up  to  the  bottom  of  the  ingot  an 
undue  proportion  of  the  heat  of  the  last  of  the  fresh 
hot  steel  added,  thus  increasing  the  tendency  to  pipe. 
This  is  because,  during  the  last  of  the  pouring,  the 
rise  of  the  incoming  steel  along  the  axis  of  the  ingot 
is  necessarily  slow,  both  because  now  the  level  of  the 
steel  in  the  mold  can  be  but  little  below  that  in  the 
runner,  and  because  the  steel  must  now  be  added  cau- 
tiously and  hence  slowly  in  order  that  the  ingot  may 
be  given  the  predetermined  height  accurately.  In  top 
pouring,  on  the  other  hand,  the  last  of  the  hot  steel 
is  added  directly  and  slowly  to  the  top  of  the  ingot  to 
which  most  of  its  heat  is  transferred,  very  little  reach- 
ing the  lower  part  of  the  mass. 

This  advantage  of  top  pouring  probably  outweighs 
the  corresponding  advantage  (d)  of  bottom  pouring, 
both  because  the  upward  concentration  of  heat  by  (d) 
does  not'apply  to  the  uppermost  part  of  the  ingot,  the 
part  which  has  the  greatest  effect  on  the  piping  ten- 
dency. 
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The  Field  of  the  Large  Boiler 

Some  Interesting  Data  on  the  Large  Boilers  Installed  at  the  River 
Rouge  Plant  of  the  Ford  Motor  Company — Charts  Showing  the 
Boiler  Efficiency. 


By  J.  B.  CRANE 


We  can  all  remember  when  the  first  large  turbine 
units  were  installed  how  the  majority  of  the  engineers 
said  the  field  would  be  limited,  that  it  was  much  better 
to  have  a  large  number  of  small  units,  so  that  if  any- 
thing happened  to  one  unit,  only  a  small  percentage  of 
the  total  power  apparatus  would  be  shut  down. 

The  history  of  the  first  large  turbines  tended  to 
strengthen  the  stand  of  these  engineers,  as  considerable 
trouble  developed  with  the  turbines  on  account  of  the 
difficulty  in  securing  materials  that  would  stand  up  under 
the  stresses  imposed  and  which  were  not  thoroughly 
understood  at  that  time. 

However,  today  no  one  hesitates  about  installing  large 
turbines,  generators  and  transformers,  if  the  load  condi- 
tions warrant  it. 

In  other  words,  the  large  turbine  with  its  multitude 
of  blading,  piping,  valves,  generator  and  exciter,  con- 
denser and  auxiliaries,  wiring  and  switches,  has  proved 
its  reliability. 

If  two  to  four  boilers  are  considered  sufficient  to  sup- 
ply steam  for  a  5,000  or  10,000  kw.  turbine,  it  should  not 
require  more  than  this  number  of  boilers  for  a  20,000  or 
40,000  kw.  turbine,  and  when  it  is  realized  how  much 
less  apparatus  there  is  to  get  out  of  order  with  a  boiler 
and  its  auxiliaries  than  with  a  turbine  and  its  accompany- 
ing apparatus,  there  must  be  something  wrong  with  boiler 
designers  if  they  fail  to  deliver  the  goods. 

The  first  large  boilers  (2365  hp.)  were  installed  at 
the  Delray  plant  of  the  Detroit  Edison  Company,  anf/ 
their  operation  was  so  successful  that  when  the  Con- 
nors Creek  plant  was  built  by  the  same  company  in  1914, 
boilers  of  the  same  capacity  were  installed  with  the  in- 
tention that  two  boilers  would  supply  steam  for  one 
25,000-kw.  turbine,  when  the  boilers  w^ere  operating  at 
170  per  cent  of  rating.  Xo  spare  units  were  installed, 
and  experience  has  shown  that  two  turbines  can  be  safely 
and  economically  operated  with  three  boilers  at  225  per 
cent  rating. 

Boilers  of  2500  hp.  capacity  were  installed  by  the 
Ford  Motor  Company  at  their  Highland  Park  plant,  but 
this  rating  included  pre-heaters,  which  it  was  subse- 
quently necessary  to  abandon  on  account  of  corrosion 
troubles. 

At  the  River  Rouge  plant  of  the  Ford  Motor  Company 


Ladd  2647-hp.  boilers  were  installed  in  1920,  and  these 
have  now  been  in  operation  long  enough  so  that  some  of 
the  operating  results  are  of  interest. 

Boiler  No.  1  was  put  in  service  November  12,  1920, 
and  operated  continuously  under  loads  varying  from  rat- 
ing to  300  per  cent  for  140  days,  when  it  was  first  shut 
down  for  purpose  of  inspection.  After  six  days  the 
boiler  was  again  put  on  the  line  and  ran  for  133  days 
under  the  same  loads  as  above.  The  second  shut-down 
was  for  the  purpose  of  inspection,  cleaning  accumulated 
ash  from  boiler  setting  walls  and  replacement  of  a  leaky 
superheater  unit. 

It  was  again  started  September  29,  was  still  running 
on  March  1,  a  period  of  183  days,  and  the  initial  effi- 
ciency was  being  maintained. 

The  other  three  boilers  show  similarly  good  operating 
records;  there  have  been  two  boiler  tubes  lost  on  the 
four  boilers  in  15  months,  and  these  were  removed  dur- 
ing periods  of  inspection,  due  to  the  presence  of  small 
blisters  which  it  was  feared  might  later  cause  trouble. 

A  very  careful  examination  of  the  setting  was  made 
on  No.  4  boiler  after  a  year's  operation,  and  it  was  the 
opinion  of  the  engineers  making  the  inspection  that  there 
would  be  no  serious  trouble  with  the  brickwork  for  sev- 
eral years. 

Apparatus  is  being  assembled  to  run  complete  tests  on 
these  boilers,  but  in  the  meantime  it  may  be  interesting  to 
observe  the  following  figures  which  are  obtained  in  daily 
operating  practice,  as  shown  by  the  weights  of  coal  taken 
daily,  and  output,  by  integrating  the  curves  of  the  steam 
flow  charts : 


Flue  Gas 

Estimated        Draft  Loss : 

Load 

Temp.  F. 

C03% 

Efficiency     Inches  of  Water 

100 

455 

15 

82.8%                    0.25 

200 

490 

15.6 

82.7                   0.50 

300 

560 

15.0 

80.2                    1.0 

400 

670 

14.8 

74.0                   2.0 

These  boilers  have  no  economizers  and  the  above  effi- 
ciencies show  per  cent  of  heat  absorbed  bv  boiler  and 
superheater  on  basis  of  gross  heating  value  of  coal. 

Tests  for  moisture  in  steam  from  boiler  showed  1.2 
per  cent  at  300  per  cent  rating  and  less  than  1  per  cent 
at  200  per  cent  rating. 
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Another  interesting  feature  of  the  installation  at  the 
River  Rouge  plant  is  that  these  are  the  first  boilers  to 
use  blast  furnace  gas  and  powdered  coal  in  combination. 

Enough  blast  furnace  gas  is  furnished  to  carry  1900 
to  2000  hp.  on  each  boiler,  and  powdered  coal  is  used  to 
furnish  deficiencies,  and  loads  in  excess  of  that  that  can 
be  carried  by  blast  furnace  gas.  The  powdered  coal 
equipment  and  blast  furnace  gas  burners  were  furnished 
by  the  Combustion  Engineering  Company,  and  the  opera- 
tion is  highly  satisfactory.  There  are  no  driers  and 
while  the  coal  ordinarily  contains  5  to  6  per  cent  moisture, 
coal  containing  12  per  cent  moisture  has  been  burned. 

The  superheaters  are  Elesco,  made  by  the  Super- 
heater Company,  and  it  is  interesting  to  know  that  the 
total  steam  temperature  as  delivered  from  the  super- 
heater varies  less  than  10  per  cent  vifith  a  variation  of 
load  from  150  to  400  per  cent  of  rating. 

The  accompanying  charts  show  the  type  of  load  on 
these  boilers  and  one  of  the  big  advantages  is  the  speed 
with  which  loads  can  be  increased  and  decreased  almost 
instantaneously. 

The  cost  per  horsepower  for  boilers  alone  for  two 
3,000  against  four  1500  or  six  1000  hp.  boilers  will  be 
very  nearly  the  same,  but  the  largest  boilers  will  require 
less  floor  space,  less  excavation,  less  foundations,  less 
steel  work,  less  building,  less  roof,  less  valves,  less  pip- 
ing, less  brick  in  the  setting;  and  the  final  cost  installed 
will  be  less  than  for  the  greater  number  of  smaller  boil- 
ers ;  and  as  there  will  be  less  furnace  wall  about  the 
boilers  the  loss  by  radiation  will  be  less ;  and  conse- 
quently, all  other  things  being  equal,  the  efficiency  will 
be  higher,  there  will  be  less  labor  required  to  operate  the 
boilers,  and  these  operators  will  have  less  apparatus  to 
watch  and  can  give  it  very  much  better  attention,  so  that 


Fig.  1 — Chart  showing  operation  of  boilers  in  Ford  plant. 

both  the  thermal  and  economic  efficiency  will  be  higher. 

Boilers  up  to  9000  hp.  normal  rating  can  be  built  with 
materials  now  available,  and  the  stresses  will  be  no 
greater  than  that  prevailing  on  this  installation. 

There  is  considerably  more  flexibility  than  exists  on 
the  turbine  end  of  the  plant,  where  a  turbo-generator 
will  carry  its  rated  capacity  and  no  more. 


The  flexibility,  when  proper  methods  of  fuel  burning 
are  used,  is  so  great  that  it  is  safe  for  engineers  to  figure 
on  two  boilers  to  carry  their  entire  load  at  190  to  200 
per  cent  of  rating,  and  in  emergencies  one  boiler  will 
carry  the  entire  load  at  380  to  400  per  cent  of  rating. 

Consideration  must  also  be  given  to  the  character  of 
the  load,  for  it  would  of  course  be  manifestly  unwise  to 


Fig.  2 — Chart  showing  operation  of  boilers, in  Ford  plant. 

install  two  boilers  to  operate  a  load  that  only  lasts  for  a 
short  period  of  each  year,  when  the  load  for  the  remain- 
der of  the  year  is  very  much  less ;  and  under  these  con- 
ditions the  proper  number  of  boilers  should  be  installed 
to  take  care  of  the  minimum  as  well  as  the  maximum 
conditions. 


LETTER  TO  THE  EDITOR 


Dear  Sir : 


We  have  read  over  our  article  entitle  entitled  "Air 
Required  for  Combustion  of  Gases"  which  appeared  in 
Blast  Furn.\ce  and  Steel  Plant  March,  1922,  pages 
174-175. 

We  find  a  dififerent  constant  in  the  formula  gives 
values,  especially  in  the  lower  part  of  the  curve,  much 
nearer  the  actual  data. 

The  exact  formula  should  be : 

Cubic  feet  of  air  theoretically  needed  per  cubic  foot 

9.67  Btu. 

of  gas  ^ .25 

^  1000 

and  the  approximate  formula  should  be : 

Cubic  feet  of  air  theoretically  needed  per  cubic  foot 

,  Btu. 

of  ras  = .2d 

1000 

We  regret  that  this  error  was  not  discovered  before 
submitting  the  article  and  trust  that  its  rectification  will 
cause  no  inconvenience. 


Very  truly  yours. 


A.  F.  Spieiiler. 


May,  1922 
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Reduction   of  Fuel  Wastes  in  the 

Industry 

By  F.  G.  CUTLER,  Ensley,  Ala. 

The  paper  sets  forth  the  economy  of  utUiaing  blast  furnace  gas.  at  one  time 
considered  to  be  of  little  tnatcrial  value,  in  reducing  the  wastes  of  the  steel  indus- 
try. It  is  shown  hozv  the  quantity  of  gas  to  be  expected  in  the  production  of  one 
ton  of  pig  iron  may  be  computed,  and  the  uses  to  which  this  gas  may  be  put  are 
analysed  quantitatively.  A  heat  balance,  based  on  the  production  of  one  ton  of 
pig  iron,  is  presented,  shoiving  the  sources  of  heat  and  the  requirements  for  blast 
furnace  and  steel  mill  operation.  It  shoivs  that  the  total  heat  from  the  by-prod- 
ucts of  a  ton  of  pig  iron  is  more  than  sufficient  to  finish  a  ton  of  steel.  The  heat- 
ing requirements  are  not  met  by  the  tar  and  by-product  gas,  although  the  aver- 
age power  requirements  are  more  than  met  by  the  blast  furnace  gas  and  coke 
breese.  It  therefore  becomes  desirable  to  reduce  the  heating  requirements  for 
the  production  of  steel  by  using  more  efficient  heating  furnaces,  and  to  conserve 
all  possible  heat  by  charging  hot  steel  into  the  soaking  pit  and  reheating  furnaces, 
in  order  to  reduce  the  quantity  of  fuel  required  for  supplementary  heating. 


Steel 


IN  this  period  of  readjustment  there  is  every  reason 
for  the  reduction  or,  if  possible,  the  elimination  of 
waste,  and  the  managers  and  engineers  of  the  steel 
and  iron  industry  have  been  alive  to  the  advantages 
resulting  from  the  conservation  of  fuel.  There  are, 
however,  in  this  and  in  all  allied  by-product  industry, 
a  number  of  opportunities  for  reduction  in  the  con- 
sumption of  fuel,  some  of  which  have  been  discussed 
many  times  and  others  only  briefly  touched  upon. 

In  order  to  show  the  relative  proportion  of  the 
energy  in  the  shape  of  heat  or  power  required  for  the 
manufacture  of  steel  that  is  utilized  from  the  fuel  by- 
products of  the  manufacturing  process,  the  following 
figures  have  been  prepared  showing  the  quantity  of 
heat  derived  from  the  by-products  of  the  manufacture 
of  pig  iron. 

In  the  production  of  one  ton  of  pig  iron,  from  under 
1800  to  over  3000  lb.  of  coke  are  used,  this  variation 
being  due  to  difference  in  metallic  content  of  the 
charge,  condition  of  the  furnace  lining,  quality  of  coke, 
etc.  The  heat  energy  of  this  coke  is  utilized  in  the 
reduction  of  the  ore  to  pig  iron  and  changing  the  im- 
purities to  a  slag:  a  part  is  lost  in  radiation,  and  ap- 
proximately half  is  delivered  at  the  top  of  the  furnace 
in  the  shape  of  gas  for  use  under  boilers  for  the  pro- 
duction of  steam,  or  in  gas  engines  for  the  production 
of  power.  The  gas  has  also  been  used  in  soaking  pits, 
in  by-product  oven  heating,  ladle  drying,  etc.,  and  other 
uses  have  been  proposed,  but  by  far  the  greatest  quan- 
tity has  been  used  under  boilers. 

It  has  been  only  within  the  last  few  years  that 
blast-furnace  gas  has  been  considered  to  have  any  ma- 
terial value.  The  value  generally  placed  upon  gas,  and 
appearing  as  a  credit  to  blast-furnace  cost,  has  been 
based  upon  the  cost  of  the  coal  replaced  by  the  gas, 
with  an  allowance  for  the  cost  of  firing  coal ;  and  even 
with  comparatively  inefificient  boilers,  and  in  many 
cases  the  lack  of  efficient  supervision,  the  cost  of  steam 
in  these   boiler  plants  has  been  generally  low.     The 
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coke  consumption  of  the  blast  furnaces  which  largely 
determines  the  volume  and  Btu.  value  of  gas  was  vari- 
able, and  the  steam  consumption  both  of  the  blast  fur- 
naces and  of  other  departments  supplied  from  the  fur- 
nace plant  varied  widely.  The  credit  was  largely  an 
estimate,  and  at  times  when  the  gas  supply  exceeded 
the  demand,  steam  or  blast-furnace  gas  was  wasted. 
The  blast-furnace  superintendent  was  generally  in- 
terested mainly  in  obtaining  as  high  stove  heats  as 
could  be  carried,  regardless  of  how  much  gas  was 
wasted  at  the  stoves  through  leaving  the  gas  on  after 
they  had  become  heated,  or  by  forcing  gas  to  the  stoves 
above  their  efficient  combustion  capacity.  Gas  was 
similarly  wasted  at  boilers,  due  to  too  small  combus- 
tion chambers,  inefiicient  gas  burners,  lack  of  proper 
baffling,  or  lack  of  proper  attention  paid  to  combus- 
tion. With  nominal  coal  costs  this  waste  might  be  ex- 
cused but  with  the  realization  that  coal  deposits  have 
a  limit  and  with  the  increasing  value  of  coal  and  its 
by-products,  any  waste  of  fuel  should  be  stopped  pro- 
vided the  cost  of  eliminating  the  waste  is  not  excessive. 
In  the  past  there  has  been  no  recognized  method  of 
determining  whether  or  not  a  blast-furnace  plant  has 
been  guilty  of  wasteful  practice,  or  if  guilty,  what  the 
extent  of  this  waste  might  be,  and  it  is  the  intention 
of  this  paper  to  propose  a  standard  method  of  com- 
parison of  total  combustion  efificiency,  both  with  the 
idea  of  determining,  for  any  particular  plant,  the  rela- 
tive efificiency.  from  day  to  day  or  month  to  month, 
as  well  as  for  the  comparison  of  one  blast-furnace  plant 
with  another,  for  the  information  of  the  management 
and  the  engineers  in  determining  the  necessity  for  ini- 
provement  in  equipment  or  personnel.  Reference  is 
made  particularly  to  the  latter,  for  the  reason  that 
after  twenty  years'  experience  around  blast-furnace 
plants  the  author  has  found  that  there  is  generally  a 
greater  gain  in  efficiency  possible  per  dollar  of  ex- 
penditure by  efficient  attention  to  operation  of  exist- 
ing equipment,  than  by  making  changes  in  equipment 
without  proper  supervision.  _       

Heat  Available  From  the  Blast  Furnace. 

In  proposing  this  standard  comparison  reference  is 


292 


"Bipblosf  FumacpSSfeol  Planf 


May,  1922 


made  to  Fig.  1  which  is  taken  from  Mr.  Brassert's 
paper  on  Modern  Blast  Furnace  Methods,  published 
in  the  year  book  of  the  American  Iron  and  Steel  Insti- 
tute in  1914.  This  chart  shows  the  effect  of  variation 
in  coke  rate  upon  the  heat  value  of  blast-furnace  gas 
at  62  deg.  Fahr.  As  blast-furnace  gas  leaves  the  top 
of  the  furnace  it  usually  has  a  temperature  of  from 
under  300  to  over  600  deg.  Fahr.,  generally  averaging 
about  400  deg.  Fahr.  At  this  latter  temperature,  the 
sensible  heat  of  the  gas  is  equivalent  to  about  8  Btu 
per  cubic  foot  of  gas  at  62  deg.  The  Btu  per  cubic 
foot  of  blast-furnace  gas  according  to  Brassert  is  62.5 
-|-  0.016R,  where  R  =  lb.  of  dry  coke  per  ton  of  pig 
iron  ;  and  including  sensible  heat  of  the  gas  at  400  deg. 
Fahr.  would  be  equal  to  70.5  +  0.016R.  The  cubic 
feet  of  gas  per  ton  of  pig  iron  (as  shown  by  Brassert) 
is  equal  to  71. 4R,  so  that  in  the  top  gas  from  a  furnace 
at  400  deg  Fahr.  the  Btu  per  ton  of  iron  is  1.142R=  -f- 
5033. 7R.     Brassert  also  gives  the  cubic  feet  of  air  per 
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Fig.  1 — Effect  of  coke  rate  on  production  of  blast-furnace  gas. 

pound  of  coke  equal  to  51.4R,  so  that  both  gas  produc- 
tion and  the  'blast  requirement  bear  a  direct  ratio  to 
the  coke  consumption  of  the  furnace  per  ton  of  iron. 
The  figures  given  in  Mr.  Brassert's  paper,  so  far  as 
the  author  has  been  able  to  discover,  are  applicable  to 
all  blast  furnaces  using  coke  as  fuel. 

Heat  Required  For  the  Stoves. 

The  blast  is  heated  in  stoves  under  pressure,  and  the 
heat  required  per  cubic  foot  of  blast  is  proportional  to 
the  rise  in  blast  temperature  in  the  stove,  and  inverselv 
proportional  to  the  efficiency  of  the  stove,  which  is 
usually  considered  to  average  60  per  cent.  After  the 
necessary  gas  is  used  to  heat  the  blast,  the  remainder 
can  he  measured  in  the  shape  of  power.  Any  increase 
in  stove  or  boiler  efficiency  or  reduction  in  leakage  of 
gas,  etc.,  is  reflected  in  increased  surplus  power,  and 
as  we  are  largely  interested  in  the  surplus  power,  after 
the  blast  furnace  requirements  are  satisfied,  any  error 
in  the  assumptions  relative  to  the  efficiency  of  the 
stoves  is  of  minor  importance,  particularly  as  the 
stoves  use  the  smaller  fraction  of  the  total.  The  blast 
supplied  from  the  blowing  engines  is  heated  by  com- 
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])ression  to  about  150  deg.  Fahr.,  varying  somewhat 
with  'blast  pressure,  etc.,  and  is  usually  heated  in  the 
stoves  to  from  1150  to  1350  deg.  Fahr.  In  the  follow- 
ing calculations  it  has  been  assumed  that  0.02  Btu 
are  required  per  cubic  foot  of  blast  per  deg.  Fahr.,  that 
the  blast  is  heated  in  the  stoves  to  1250  deg.  Fahr., 
that  the  average  over  all  stove  efficiency  (i.  e.,  ratio 
of  heat  given  to  the  blast  to  the  heat  in  the  gas)  is  60 
per  cent  and  that  55  cubic  feet  of  blast  are  heated  per 
])ound  of  coke  charged. 

The  heat  required  in  the  gas  for  heating  the  blast 
for  one  ton  of  pig  iron  to  a  temperature  of  1250  deg. 
Fahr.  can  therefore  be  expressed  by  the  following 
ft)rmula  where  H  =  Btu  per  lb.  of  coke  burned  in  the 
blast  furnace. 


H  = 


(1250—150)  X0.02X  55R 
0.60 


=  2020R 


The  heat  in  gas  per  ton  product  after  the  blast  is 
heated  is,  therefore,  1.142R-  -|-  3013. 7R.  For  other 
top  temperatures  and  blast  temperatures  the  constants 
will  change  slightly. 

Heat  Required  For  Gas-Fired  Boilers. 

In  order  not  to  enter  into  the  discussion  of  the 
relative  merits  of  steam  vs.  gas  engine,  surplus  un- 
cooled  gas.  after  the  stoves  are  heated,  will  be  assumed 
to  be  used  under  boilers.  In  one  boiler  horsepower- 
hour  there  are  33,305  Btu,  and  assuming  that  the 
"standard"  efficiency  of  blast-furnace-gas-fired  boilers 
is  66.6  per  cent,  in  one  boiler  horsepower-hour 

33,305 

=  50,000  Btu  would  be  required  in  the  eras,  so 

0.666  ^ 

that  the  boiler  hp-hr.  per  ton  would  be 

Surplus  Btu  per  ton  iron 


50,000  Btu 


As   the   blast-furnace  prod- 


uct is  usually  expressed  in  tons  per  day  the  average 
boiler  horsepower  per  hour  generated  from  blast- 
furnace gas  under  the  above  conditions  can  be  ex- 
pressed by  the  formula : 

Average  boiler  horsepower   per  hour   per   ton   of  pig 

1.142R--f  3013.7R 

iron  per  day  =  ■ 

50,000  X  24 

In  assuming  the  standard  efficiency  of  66.6  per  cent 
for  boilers  and  60  per  cent  for  stoves,  it  should  not  be 
understood  that  these  are  the  maximum  effic-encies 
that  can  be  attained,  but  rather  that  they  are  taken 
as  a  standard  for  comparison  and  represent  average 
practice  that  can  be  maintained  in  a  fairly  modern  plant 
correctly  designed,  and  operated  by  reasonably  intelli- 
gent men. 

Using  the  above.  Fig.  2  has  been  prepared.  This 
chart  also  shows  the  per  cent  of  top  gas  required  for 
heating  the  blast  to  an  average  of  1250  deg.  Fahr.  with 
the  stoves  of  60  per  cent  total  efficiency.  This  chart 
can  be  used  by  the  blast  furnace  superintendent  or 
engineer  to  determine  the  horsepower  that  should  have 
been  generated  from  gas  for  any  period.  From  the 
actual  results  as  shown  by  a  meter  on  the  boiler  feed 
line,  after  deducting  an  allowance  for  steam  generated 
by  coal  firing  (usually  small)  or  for  gas  used  by  gas 
engines,  it  will  be  possible  to  determine  whether  the 
total  efficiency,  including  stoves  and  boilers,  is  above 
or  below  the  standard. 
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The  following  table  shows  the  boiler  horsepower- 
hours  per  ton  of  pig  iron  for  several  coke  rates  as  calcu- 
lated from  the  above  formula. 

Boiler-Horsepower-  Boiler-Horsepower- 
Pound  of  Coke  Hours  Hours 
per  Ton.  per  Ton  Product.  iperTon  per  Day. 
2000  211  8.8 
2200  242  10.1 
2400  276  11.5 
2600  310  12.9 
2«0()  348  14.5 
3000  386  16.1 

To  furnish  the  blast  to  the  furnace  with  either  high- 
pressure  condensing,  turbo-blowers  or  reciprocating 
steam  engines  requires  about  70  boiler  hp-hr.  per  ton 
of  coke  'burned  in  the  'blast  furnaces,  and  to  operate 
the  various  furnace  auxiliaries,  such  as  pumps,  air 
compressors,  steam  bells,  mud  guns,  hoists,  etc.,  re- 
quires from  15  to  25  boiler  hp.  per  ton  of  product,  so 
that  after  the  furnace  requirements  have  been  met, 
there  is  available  for  the  generation  of  power  from  100 
to  250  boiler  hp-hr.  per  ton  of  pig  iron,  depending  on 
the  coke  burned  in  the  furnace. 

At  2  kw.  per  boiler  hp-hr.,  this  means  that  from  200 
to  500  kw-hr.  per  ton  of  pig  iron  is  possible  with  steam 
equipment  from  the  surplus  gas  from  the  blast  fur- 
naces. 

Heat  Required  for  Manufacture  of  Steel 
from  Pig  Iron. 

The  manufacture  of  steel  from  pig  iron  in  the  open 
hearth  requires  heat  for  melting  scrap  and  fluxing  the 
impurities,  and  power  for  the  various  operations  inci- 
dent to  this  process.  The  quantities  of  heat  and  power 
vary  materially  with  different  plants  on  account  of 
difference  in  equipment,  practice,  etc.,  but  for  the  pur- 
pose of  this  paper  it  will  be  assumed  that  a  ton  of  in- 
gots requires  one  ton  of  pig  iron  plus  enough  scrap 
to  offset  the  losses  and  that  this  work  requires  from 
5,000,000  to  9,000,000  Btu  and  an  expenditure  of  from 
20  to  30  kw-hr.  per  ton.  This  ton  of  ingots  will  make 
about  0.85  tons  of  blooms,  and  the  heating  in  soaking 
pits  will  require  from  1,500.000  to  3,500,000  Btu  per 
ton  of  steel  depending  upon  the  temperature  of  the 
steel  arriving  at  the  pits,  rate  of  operation,  etc.,  and 
the  rolling  of  the  ingots  into  blooms  will  require  from 
40  to  60  kw-hr.  per  ton.  From  the  blooming  or  slab- 
bing mill  the  material,  usuallv  reheated  at  an  expen- 
diture of  from  2,500,000  to  6,000,000  Btu  per  ton,  is  fur- 
nished to  finishing  mills,  the  power  required,  depend- 
ing on  the  reduction  of  section,  temperature  of  rolling, 
etc.,  varying  from  35  to  over  300  kw-hr.  per  ton. 

Utilization  of  the  Industrial  Wastes. 

Waste  heat  from  the  open  hearth  and  heating  fur- 
naces and  kilns  is  utilized  for  the  production  of  steam, 
and  otherwise  waste  steam  is  utilized  in  low  or  mixed 
pressure  turbines  for  the  production  of  power,  but  as 
these  subjects  have  been  discussed  many  times,  and 
are  not  peculiar  to  the  steel  industry,  they  will  not  be 
discussed  except  to  say  that  while  these  economies 
are  many  times  worth  while  in  existing  plants,  very 
few  new  installations  as  designed  include  waste-heat 
boilers  with  furnaces,  or  low-pressure  turbines  as  inte- 
gral parts  of  new  power  plants. 

Surplus  by-product  gas,  after  the  ovens  are  heated, 
is  sold  for  use  as  domestic  fuel,  etc.,  replacing  natural 
gas.  water  gas,  etc.,  and  is  used  in  the  steel  plant  for 
melting  steel  in  the  open  hearth,  and  for  various  heat- 
ing operations  in  the  steel  industry.     In  former  years 


this  material  was  considered  as  having  only  nominal 
value  and  only  rarely  was  any  attempt  made  to  utilize 
it  efficiently. 

With  the  advance  in  fuel  prices,  shortage  of  natural 
gas,  etc.,  and  also  largely  due  to  special  heating  re- 
quirements connected  with  the  manufacture  of  artillery 
and  ammunition  during  the  war,  a  number  of  combus- 
tion systems  were  developed  that  by  more  or  less  ac- 
curately regulating  the  proportion  of  air  to  gas  have 
greatly  increased  the  combustion  efficiency  of  heating 
furnaces,  and  the  control  of  combustion  has  been  found 
of  great  importance  in  the  maintenance  of  economy. 

Dust  coke  breeze,  from  the  coke  plant  (i.  e.,  the 
material  through  a  ■>^-in.  screen),  is  used  to  cover 
molten  pig  iron  in  transit  from  the  furnaces  and  in 
making  bottoms  of  soaking  pits  and  heating  furnaces. 


1950    1900    aOO  IIOO  ZZOO    Z300   2400  2500   2600    2700   2800  2900  3000  3100 
Pounds  of  Dry  Coke  per  Ton  of  Pig  Iron 

Fig.  2 — Effect  of  coke  rate  on  production  of  power  from 
surplus  blast-furnace  gas. 

A  great  deal  of  this  material  which  was  thrown  away 
or  more  or  less  inefficiently  burned  on  hand-fired 
grates,  or  by  mixing  with  slack,  on  mechanical  stokers, 
is  now  more  efficiently  burned  by  itself,  on  traveling- 
grate  forced-blast  stokers. 

Tar,  either  before  or  after  the  creosote  oils  have 
been  removed,  has  been  found  to  be  a  very  good  fuel 
for  open-hearth  furnaces,  either  by  itself  or  in  con- 
junction with  by-product  gas,  and  has  been  used  for 
steam  production  either  as  an  auxiliary  fuel  on  blast- 
furnace boilers  or  by  itself,  and  its  use  has  been  pro- 
posed to  heat  by-product  ovens,  thus  releasing  addi- 
tional gas  otherwise  required  for  heating  the  ovens. 

Heat  Balance. 

Table  1  gives  an  example  of  the  approximate  heat 
balance  of  one  ton  of  pig  iron  as  used  in  the  steel  plant, 
using  average  figures,  and  based  on  an  average  coke 
consumption  in  the  blast  furnace  of  2500  lb.  of  coke 
per  ton  of  product. 
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TABLE   1. 

Heat  balance  for  manufacture  of  one  ton  of  pig  iron. 

From  tlif  coke  iplant  delivering  one  ton  of  coke  there  re- 
sult the  following:  fuel  by-products  for  consumption  in  the 
steel  plant  after  the  heat  and  power  requirements  of  the 
by-product  plant  have  been  met: 

Btu.  Btu. 

12  gal.  tar  at  162,500  Btu  per  gal.,  Btu. .  . .    1.950,000 
30  lb.  of  coke  breeze  at  12.000  Btu  per  lb., 

Btu 360,000 

10,000  cu.  ft.  gas  at  SCO  Btu  per  cu.  ft.  (net 

value),  Btu   5,000,000 

Total  per  net  ton  coke 7,310,000 

Heat  available  per  ton  pig  iron 

In  tar  from  by-product  plant 2,435,000 

In  coke  breeze  from  by-product  plant...      450,000 
I  n   surplus   gas 6.250,000 

Surplus  from  by-product  plant 0,135,000 

In  blast  furnace  gas 19,635,000 

Required    for   blast   heating 5,000,000 

Required  for  blowing  equipment 4,400,000 

Required    for   blast-furnace    oiperation .  .  .  .    1,000,000 

Required  for  total  blast  furnace 10,400,000 

Surplus   from   blast-furnace   plant 9,235,000 

Total  Jieat  energy  from   by-products 18,370,000 

Heat  required  for  steel  plant 
Open  hearth  (pig  iron  to  ingots) 

Melting    (approx)    7,000.000 

Power,  25  kw.  at  25,000  Btu  per  kw-hr. .  . .      625,000 

Total   heat   consumption 7,625,000 

Roughing  Mill 

Heating  (a,ppro,\.)    . 2,000,000 

Power,   50   kw-br 1.250.000 

Total   3.250,000 

Finishing   Mill 

H  eating  ( appro.x. )    4,000,000 

Power,    100   kw-hr 2,500,000 

Total  for  finishing 6,500,000 

Total   heating   requirements 13,000,000 

Total  'power   requirements 4,375,000 

Total     17,375,000 

Necessity  of  Heat  Conservation. 

From  Table  1  it  will  be  seen  that  the  total  heat 
from  the  by-products  of  a  ton  of  pig  iron  is  more  than 
sufficient  to  finish  the  average  ton  of  steel,  but  upon 
inspection  of  the  table  it  will  be  found  that  the  heating 
requirements  have  not  been  met  from  tar  and  by- 
product gas,  while  the  average  power  requirements  are 
more  than  met  from  blast-furnace  gas  and  coke  breeze. 

It  therefore  becomes  very  desirable  to  reduce  the 
heating  requirements  for  production  of  steel  by  using 
more  efficient  heating  furnaces,  and  to  conserve  all 
possible  heat  by  charging  hot  steel  into  the  soaking 
pit  and  reheating  furnaces,  in  order  to  reduce  the  quan- 
tity of  fuel  required  for  supplementary  heating. 

The  production  of  gas  at  the  by-product  plant  is 
practically  uniform,  while  the  consumption  at  the  steel 
plant  is  variable  and  as  a  result  the  gas  pressure  at 
the  steel  plant  (usually  some  distance  away  from  the 
by-product  plant)  is  variable.  As  gas  holders  of  suffi- 
cient capacity  to  absorb  the  fluctuations  have  not  been 
found  advisable  it  becomes  necessary  to  schedule  the 
use  of  gas  by  consuming  departments  in  order  par- 
tially to  equalize  the  consumption.  In  many  cases  it 
is  advisable  to  use  by-product  gas  under  boilers  (al- 
though it  is  more  valuable  for  other  purposes)  in  order 


to  prevent  or  reduce  its  waste,  as  it  is  easier  to  change 
from  gas  to  coal  on  boilers  than  to  fire  up  producers. 

One  of  the  most  important  problems  of  the  steel 
plant  manager  and  engineer  is  so  to  regulate  the  pro- 
duction and  consumption  of  the  various  fuels  occurring 
as  a  by-jjroduct  of  steel  plant  tnanufacture  that  the  con- 
siimijtion  of  raw  coal  in  producers  or  under  boilers  that 
would  otherwise  be  sent  to  the  by-product  plant  is  a 
minimum,  for  the  reason  that  the  by-products  from  the 
coal,  coked  in  the  by-product  plant,  usually  exceed  any 
possible  return  as  fuel. 


PUBLICATIONS  ON  THE  UTILIZATION 
OF  COAL. 

A  limited  supply  of  the  following  publications  of 
the  Bureau  of  J\lnies  has  been  printed  and  is  available 
for  free  distribution  until  the  edition  is  exhatisted.  Re- 
quests for  all  publications  can  not  be  granted,  and  to 
insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of 
especial  interest  to  them.  Requests  for  publications 
should  be  addressed  to  the  Director,  Btireau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its 
publications  available  for  free  distribution  as  well  as 
those  obtainable  only  from  the  Superintendent  of 
Docuinents,  Government  Printing  Office,  on  payment 
of  the  price  of  printing.  Interested  persons  should 
apply  to  the  Director,  Bureau  of  Mines,  for  a  copy  of 
the  latest  list. 

Publications  Available   For   Free  Distribution. 

Bulletin  40.  The  smokeless  combustion  of  coal  in 
lioiler  furnaces,  with  a  chapter  on  central  heating 
plants,  by  D.  T.  Randall  and  H.  W.  Weeks.  1912. 
188  pp.,  40  figs. 

Bulletin  58.  Fuel  briquetting  investigations,  July, 
1904.  to  July,  1012,  by  C.  A.  Wright.  1913.  277  pp., 
21  pis.,  3  figs. 

Bulletin  116.  Methods  of  sampling  delivered  coal, 
and  specifications  for  the  purchase  of  coal  for  the  Gov- 
ernment, by  G.  S.  Pope.    1916.    64  pp.,  5  pis.,  2  figs. 

Technical  Paper  9.  The  status  of  the  gas  producer 
and  of  the  Internal-combtistion  engine  in  the  utilization 
of  fuels,  by  R.  H.  Fernald.     1912.    42  pp.,  6  figs. 

Technical  Paper  50.  Metallurgical  coke,  by  A.  W. 
Belden.    1913.    48  pp.,  1  pi.,  23  figs. 

Technical  Paper  80.  Hand  firing  soft  coal  under 
power-plant  boilers,  by  Henry  Kreisinger.  1915.  83 
pp.,  32  figs. 

Technical  Paper  89.  Coal-tar  products  and  the 
possibility  of  increasing  their  mantifacture  in  the 
United  States,  by  H.  C.  Porter,  with  a  chapter  on  coal- 
tar  products  used  in  explosives,  by  C.  G.  Storm.  1915. 
21pp. 

Technical  Paper  123.  Notes  on  the  uses  of  low- 
grade  fuel  in  Europe,  by  R.  H.  Fernald.  1915.  37  pp., 
4  pis.,  4  figs. 

Technical  Paper  137.  Combustion  in  the  fuel  bed 
of  hand-fired  furnaces,  b}'  Henry  Kreisinger,  F.  K. 
Ovitz,  and  C.  E.  Augustine.  l9l6.  76  pp.,  2  pis., 
21  figs. 

Technical  Paper  139.  Low-rate  combustion  in  fuel 
beds  of  hand-fired  furnaces,  bv  Henry  Kreisinger,  C. 
E.  Augustine,  and  S.  H.  Katz.  '  1918.    52  pp..  9  figs. 

Technical  Paper  180.  Firing  bituminous  coals  in 
large  house-heating  boilers,  by  S.  B.  Flagg.  1917.  22 
pp.,  1  pi.,  16  figs. 
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The  Petroleum  Iron  Works,  Sharon,  Pa.,  is  concluding 
negotiations  for  the  purchase  of  the  plant  of  the  Beaumont 
Shipbuilding  &  Dry  Dock  Co.,  Beaumont,  Tex.,  for  a  con- 
sideration said  to  be  about  $300,000.  The  plant  upon  acqui- 
sition will  be  used  as  a  southern  branch  works  for  the  manu- 
facture of  oil  tanks,  tank  cars,  etc.  The  site  approximates 
about  71  acres,  and  early  proposed  expansion  will  include  the 
erection  of  a  number  of  new  buildings  to  be  equipped  as  a 
complete  steel  fabricating  works.  The  property  is  being  se- 
cured in  the  name  of  the  Petroleum  Land  Company,  a  sub- 
sidiary organization. 


The  Gerson  Rolling  Mills  Corporation,  Birmingham,  Ala., 
is  perfecting  plans  for  the  early  erection  of  an  addition  to 
its  plant  for  increased  production.  The  primary  installation 
will  consist  of  a  new  mill  for  the  manufacture  of  steel  bar 
stock,  and  it  is  proposed  to  double  the  output  in  this  and 
other  departments.  The  expansion  is  estimated  to  cost  about 
$100,000. 


The  Worcester  Pressed  Steel  Company,  Worcester,  Mass.. 
is  arranging-  for  the  early  installation  of  new  precision  cold 
rolling  mills  for  flat  strip  steel  production,  and  it  is  planned 
to  provide  for  extensive  increase  in  this  department  of  the 
works.  The  mills  will  be  equipped  with  steel  rolls,  6  inches 
in  diametpr  and  of  4-inch  face,  permitting  a  maximum  width 
of  stock  rolled  of  3^  inches.  The  new  mills  will  be  motor- 
driven. 


The  General  Iron  Works  Company,  Denver,  Colo.,  has 
acquired  a  large  tract  of  land  at  -Englewood,  Colo.,  totaling 
aibout  18  acres,  and  plans  to  use  the  site  for  the  erection  of 
a  Jiew  plant.  Plans  will  be  prepared  at  an  early  date,  cover- 
ing the  construction  of  a  number  of  one-story  buildings,  esti- 
mated to  cost  about  $750,000,  including  machinery.  The  dif- 
ferent structures  will  be  devoted  to  general  iron  working. 
steel  fabrication,  steel  casting  production,  etc.  Erection  will 
be  commenced  early  in  the  summer,  and  it  is  proposed  to 
have  the  initial  buildings  ready  for  service  late  in  the  fall. 
The  various  departments  will  be  used  by  the  different  sub- 
sidiaries of  the  company,  including  the  Colorado  Iron  Works, 
the  Denver  Engineering  Works,  the  Queen  City  Foundry 
Company   and   the   Stearns-Rodger   Manufacturing  Company. 


The  Dominion  Alloy  Steel  Company,  recently  organized 
with  a  capital  of  $15,000,000,  has  plans  under  way  for  the 
erection  of  a  new  plant  on  site  selected  at  Sarnia,  Ont.,  for 
the  manufacture  of  high  carbon  steel,  steel  alloys  and  kindred 
products.  The  plant  will  consist  of  a  number  of  buildings  and 
will  be  equipped  for  an  initial  output  of  about  50,000  tons  of 
material  per  year.  The  company  has  arranged  for  a  bond 
issue  of  $3,500,000,  to  provide  for  erection  and  equipment. 
George  A.  Simpson,  Hamilton,  Ont.,  is  vice-president  of  the 
company  and  will  be  in  active  charge  of  the  project.  The 
directors  of  the  company  and  officials  in  charge  include  Harry 
R.  Jones,  head  of  the  United  Alloy  Steel  Corporation,  Canton, 
O'hio,  and  Harold  W'ills.  head  of  the  Wills-Sainte  Clare  Auto- 
mobile Company,  Marysville,  Mich. 


The  Sloss-Sheffield  Steel  Company,  Montgomery,  Ala., 
has  tentative  plans  under  consideration  for  the  construction 
of  an   addition  to   its  plant   for  considerable   increase  in  ca- 


pacity.    The  work  will  include  a  new  blast  furnace  with  daily 
output  approximating  250  tons. 


The  Riverdale  Rolling  Mill  Company,  East  One  Hundred 
and  Thirty-seventh  Street  and  the  tracks  of  the  Illinois  Cen- 
tral Railroad,  Chicago,  111.,  is  planning  for  the  rebuilding  of 
the  portion  of  its  plant  destroyed  by  fire,  March  25,  com- 
prising a  large  two-story  structure.  The  loss  is  estimated  at 
approximately  $50,000,  including  equipment. 


The  Cadillac  Malleable  Iron  Company,  Cadillac,  Mich., 
has  work  under  way  on  an  addition  to  its  plant  for  increased 
output,  comprising  a  one-story  building,  120  x  200  feet,  to  be 
devoted  to  general  iron  workin,a;.  It  is  planned  to  construct 
other  additions  at  a  later  date. 


The  .Andrews  Steel  Company,  Newport,  Ky.,  has  secured 
options  on  property  forming  a  portion  of  the  former  works 
of  the  Hecla  Cement  Company,  Bay  City,  Mich.,  totaling 
about  150  acres  of  land  and  a  number  of  buildings,  as  a  site 
for  the  establishment  of  a  new  steel  mill.  It  is  said  that 
the  purchase  will  be  made  at  an  early  date.  A  number  of 
other  buildings  will  be  erected  and  the  present  structures 
improved  to  accommodate  the  new  industry.  The  equipment 
installation  will  provide  for  the  manufacture  of  steel  billets, 
bars,  black  and  galvanized  sheets  and  kindred  products.  A 
new  blast  furnace  is  also  projected.  The  company  has  been 
operating  at  Newport,  and  it  is  said  that  the  change  is  being- 
considered  owing  to  the  continuance  of  labor  troubles.  Ar- 
ticles of  incorporation  were  filed  recently  under  Delaware 
laws  with  a  capita!  of  $750,000,  headed  by  W.  N.  and  Joseph 
B.  Andrews.  Newport,  now  operating  the  Kentucky  Rolling 
Mills  in  that  city. 


The  Union  Iron  Works,  Fifteenth  and  Cascade  Streets, 
Erie,  Pa.,  is  planning  for  the  rebuilding  of  the  portion  of  its 
plant  destroyed  by  fire  on  March  23,  with  loss  estimated  at 
close  to  $350,000,  including  buildings  and  equipment. 


The  Northwestern  Steel  &  Iron  Works,  Eau  Claire,  Wis., 
is  planning  for  the  early  rebuilding  of  the  portion  of  its  plant 
recently  destroyed  by  fire,  with  loss  approximating  $150,000, 
including  machinery. 


The  Danville  Iron  &  Steel  Company.  Danville,  Pa.,  has 
tentative  plans  under  consideration  for  the  erection  of  an  ad- 
dition to  its  plant  for  increased  capacity.  The  structure  will 
be  one-story  and  it  is  proposed  to  break  ground  during  the 
spring. 


The  Eastern  Malleable  Iron  Co.,  Naugatuck,  Conn.,  is 
planning  for  the  erection  of  a  new  plant  building  at  Water- 
vliet,  N.  Y.,  consisting  of  a  one-story  building,  50  x  250  feet, 
estimated  to  cost  in  excess  of  $30,000.  The  company  will  also 
erect  a  new  power  plant  at  the  works. 


The  Northwestern  Iron  Works,  Devils  Lake,  N.  D.,  has 
preliminary  plans  under  consideration  for  the  erection  of  an 
addition  to  its  plant  for  increased  production,  to  consist  of 
a  main  two-story  building,  with  subsidiarv  structures.  It  is 
said  that  the  extension  will  cost  close  to  $55,000. 
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THE  PURCHASE  OF  REFRACTORIES* 

By  W.  A.  HULL,  Chief,  Refractories  Section, 
Bureau  of  Standards,  Washington,  D.  C. 

The  Government  has  gone  in  for  business  methods,  and 
one  of  the  things  that  is  getting  a  beneficial  shaking  up  is 
the  system  of  purchasing.  Now  it  so  happens  that  there  is, 
in  the  Federal  Government,  a  Department  of  Commerce. 
There  are  several  classes  of  people  in  the  United  States, 
including  many  of  our  important  manufacturers,  who  are  not 
as  keenly  or  as  constantly  aware  of  the  existence  of  the  De- 
partment of  Commerce  as  of  one  or  two  of  the  other  Depart- 
ments. Some  of  them  doubtless  think  of  the  Department  of 
Commerce  simply  as  the  Department  of  which  Mr.  Hoover 
is  Secretary.  Well,  that  is  not  a  bad  introduction  to  it,  in 
case  one  has  never  made  its  acquaintance  before.  Not  only 
is  Mr.  Hoover  Secretary  but  the  whole  Department  knows 
he  is  Secretary  and  has  known  it  for  some  time.  He  has 
taken  the  secret  out  of  secretary  and  given  the  Department 
a  dynamic  form  of  government.  That  is  a  mighty  good  thing. 
for  the  Department  of  Commerce  is  naturally  called  on  for 
full  steam  ahead. 

It  was  entirely  logical  and  natural  that  the  Bureau  of  the 
Budget,  in  taking  up  the  problem  of  systemizing  the  Federal 
purchases,  should  find  some  things  lacking  in  the  matter  of 
specifications.  This  led  to  the  creation,  by  executive  order, 
of  a  Federal  Specifications  Board,  with  Dr.  Stratton,  Director 
of  the  Bureau  of  Standards,  as  Chairman.  Now  the  matter  of 
specifications  was  by  no  means  new  to  the  Bureau  of  Stand- 
ards, or  to  Director  Stratton  or  to  Mr.  Hoover.  In  fact  Mr. 
Hoover  had  made  a  most  impressive  demonstration  of  what 
could  be  done  with  specifications — of  the  rig'ht  kind  and  used 
iji  the  right  way.  In  making  wartime  purchases  of  clothing, 
blankets  and  provisions  for  use  in  the  Belgian  Relief  work, 
he  had  been  amazed  at  the  extremely  reasonable  prices  at 
which  goods  of  excellent  quality  could  be  obtained  by  the 
purchase  of  a  large  quantity  of  a  single  article  to  be  made 
to  a  simple,  definite  specification.  Now  to  make  a  specifi-ca- 
tion,  it  is  necessary  to  have  standards  of  quality.  Mr.  Hoover 
found  the  Bureau  of  Standards  working  on  standards  of 
quality  and  he  gave  the  signal  to  step  on  the  gas. 

And  this  is  merely  a  bit  of  current  history  to  make  it 
clear  why  the  Bureau  of  Standards  is  interested  in  the  pur- 
chase of  refractories. 

The  guiding  star  in  all  the  research  work  on  standards  of 
quality  and  in  the  preparation  of  specifications  is  the  elimina- 
tion of  waste.  Standards  of  quality  tend  to  prevent  un- 
certainty and  confusion.  They  tend  to  prevent  the  purchase 
of  high  priced  things  where  low  priced  things  would  do  as 
well ;  they  tend  to  prevent  the  use  of  low  priced  things  where 
high  priced  things  are  required  and  would  be  an  economy; 
and  sometimes  they  prevent  buying  the  high  priced  thing 
when  there  is  a  better  quality  to  be  had  at  a  lower  (price. 
This  last  occurrence  is  not  at  all  unusual— not  nearly  as  un- 
common as  it  should  be. 

At  the  Bureau  of  Standards  we  receive  requests  from  con- 
sumers for  specifications  for  all  sorts  of  things.  Those  who 
make  these  requests  want  something  that  will  insure  their 
getting  good  goods.  They  cannot  be  guided  entirely  by  the 
price  of  these  things  nor  by  what  the  advertisements  say 
about  them.     In  some  cases  it  is  extremely  difficult  to  judge 


•Published  by   permission   of  the  Director.  Bureau   of  Standards, 


of  relative  values  by  performance  in  service.  Take  paints, 
for  example,  and  lubricating  oils;  you  manufacturers  know 
how  hard  it  is  to  tell  what  you  are  getting  for  your  money 
in  things  like  this.  The  same  is  true,  though  to  a  less  ex- 
lent,  in  the  purchase  of  dishes.  Large  purchasers  of  hotel 
china  are  keenly  interested  in  standard  tests  for  tableware 
and  the  Bureau  is  supplying  them.  Until  tliese  tests  were 
put  in  use  we  did  not  know  that  we  were  making  better  hotel 
china  at  home  than  we  were  importing  from  Germany,  Eng- 
land and  even  from  France.  Now  that  we  are  testing  dishes, 
we  can  say  that  when  specifications  for  this  class  of  goods 
go  into  effect,  the  foreign  producers  will  have  something 
to  worry  about  besides  the  tariff. 

A  number  of  the  Governmental  Departments  are  con- 
siderable users  of  refractories  and  one  of  the  things  that  the 
Federal  Specifications  Board  has  taken  up  is  specifications 
for  refractories.  A  survey  of  the  situation  brought  out  the 
fact  that  the  purchasing  methods  of  the  various  Departments 
were  not  at  all  the  same.  One  Department  was  buying  on 
specifications  and  another  was  not  and  the  specifications  of 
one  Department  were  not  similar  to  those  of  another.  As  a 
result  of  this  condition,  the  Bureau  of  Standards  was  asked 
to  draft  specification  for  the  types  of  refractories  that  are 
purchased  by  the  Government  Departments. 

Now  the  less  one  knows  about  refractories,  the  easier  it 
is  to  write  specifications.  Perhaps  it  would  he  better  to  say 
that  in  order  to  make  a  good  job  of  it,  it  is  necessary  to 
have  a  large  amount  of  information  and  at  the  same  time  a 
reasonable  allowance  of  common  sense.  Now  at  the  Bureau 
of  Standards  we  may  have  common  sense  enough  for  a  job 
like  this — anyhow  we  had  sense  enough  to  know  that  we 
didn't  have  anywhere  near  enough  information;  so  we  sent 
for  more.  As  a  result,  some  of  the  best  equipped  men  in 
the  United  States,  from  both  the  producing  and  a  number 
of  consuming  industries  have  responded  to  the  invitation  to 
join  forces  and  work  this  thing  out  together.  Two  of  these 
conferences  have  been  held.  At  the  first,  the  whole  subject 
of  tests  was  discussed,  up  one  side  and  down  the  other. 
Everyone's  opinion  on  every  standard  or  near  standard  test 
was  brought  out.  The  effect  was  that  of  clearing  the  decks 
for  action.  In  the  second  conference,  a  complete  set  of  re- 
quirements for  fire  brick  for  coal  fired  boilers  was  drawn  up. 
Of  course  there  are  special  conditions  encountered  in  the 
use  of  different  kinds  of  coal  in  different  types  of  boiler  fur- 
naces and  it  would  be  impossible  for  any  group  of  men  to 
draw  up  in  one  day  specifications  for  all  the  special  qualities 
of  refractories  that  would  be  best  suited  to  meet  them.  We 
thought  we  had  done  a  day's  work  when  we  had  expressed, 
in  terms  of  simple  test  reuirements,  what  we  would  consider 
a  satisfactory  grade  of  brick  to  take  care  of  the  common  run 
of  modern,  high  duty,  coal  fired  boiler  service,  but  we  put 
in  a  little  overtime  and  wrote  up  the  requirements  for  the 
clay. 

Of  course  these  requirements  have  not  been  decided  on 
in  anything  like  a  final  way  but  we  have  a  conviction  that 
that  day's  work  is  a  milestone  in  the  progress  of  the  refrac- 
tories industry  for  this  is  the  first  instance  that  we  know  of 
where  American  producers  and  consumers  have  joined  forces 
and  drafted  even  a  tentative  set  of  specifications  for  refrac- 
tories for  a  specific  service.  It  may  be  that  it  is  only  now 
that  the  industries  are  ready  for  such  a  thing. 
(To  be  continued  next  month) 
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Bracken   Todd 


Bracken  Todd,  assistant  superintendent  of  the  blooming  mills 
at  the  Monessen,  plant  of  the  Pitts- 
burgh Steel  Company,  has  resigned 
his  position  to  become  superintend- 
ent of  the  rolling  mills  of  the  An- 
drews Steel  Company  at  Newport, 
Ky.  Mr.  Todd  has  been  associated 
with  the  Pittsburgh  Steel  Company 
for  the  past  nine  years. 

At  his  departure  from  Monessen 
Mr.  Todd  was  presented  by  the 
blooming  mill  employes  with  a 
gold  watch  and  chain.  Mr.  Todd 
assumed  charge  of  the  rolling  mills 
at  Newport  on  April  IS. 
V  V 
A.  P.  Blackstead,  formerly  chief  engineer  of  the  Camden 
Iron  Works  (R.  D.  Wood  &  Co.),  Camden,  N.  J.,  and  prior 
to  that  hydraulic  engineer  with  the  Henry  R.  Worthington  Com- 
pany, New  York,  has  joined  the  engineering  staff  of  the  Dayton- 
Dowd  Company,  manufacturers  of  centrifugal  pumps  and  ap- 
proved underwriters'  fire  pumps.  Mr.  Blackstead  has  recently 
returned  from  Europe  where  he  spent  si.x  months  studying 
conditions  and  investigating  recent  developments  in  hydraulic 
engineering. 

V  V 

Howard  K.  Moore,  secretary  of  the  Portsmouth-Solvay  Coke 
Company  prior  to  its  joint  absorption  by  the  Wheeling  Steel 
Corporation  and  the  American  Rolling  Mill  Company,  has  been 
appointed  assistant  general  manager  of  the  Steubenville,  Ohio, 
works.  Wheeling  Steel  Corporation.  Mr.  Moore  was  assistant 
to  Andrew  Glass,  president  of  the  Whitaker-GIessner  Company 
at  Portsmouth,  Ohio,  for  a  number  of  years  and  previously 
had  steel  works  experience  in  the  eastern  plants.  Mr.  Moore 
is  a  brother  of  G.  W.  Moore,  general  superintendent,  Ports- 
mouth, Ohio,  works  of  the  company. 

V  V 

Wm.  H.  Weichsel  has  resigned  as  manager  of  the  Dover 
Works,  the  American  Sheet  &  Tin  Plate  Company,  Dover,  Ohio, 
to  become  manager  of  the  sheet  mills  of  the  Inland  Steel  Com- 
pany, Indiana  Harbor,  Ind.,  effective  April  1.  W.  H.  Ashbaugh, 
Leechburg,  Pa.,  has  been  appointed  to  succeed  him.  Mr.  Weich- 
sel has  been  in  the  steel  business  for  19  years,  having  started 


with  the  Aetna  Standard  works  at  Bridgeport,  Ohio.  For  the 
past  six  years  he  has  been  at  Dover,  first  as  superintendent  and 
for  the  past  year  as  manager. 

V  V 

Henry  F.  Favor,  superintendent,  Crompton  &  Knowles  Loom 
Works,  Providence,  R.  I.,  sailed  March  16  from  Vancouver, 
B.   C,    for   China  and  Japan  on   a  business  trip. 

V  V 

S.  W.  Tarr  has  been  made  chief  engineer  of  the  Oliver  Iron 
Mining  Company,  succeeding  the  late  Alexander  M.  Gow.  Mr. 
Tarr  was  formerly  superintendent  of  construction  in  the  me- 
chanical division  of  the  company. 

V  V 

Fred  Heiser  has  been  made  foundry  superintendent  of  the 
malleable  department  of  the  Superior  Steel  Casting  Company. 
Benton  Harbor,  Mich.  Mr.  Heiser  formerly  had  charge  of  the 
malleable  foundry  of  the  Timken  Detroit  Axle  Company,  Can- 
ton, Ohio. 

V  V 

Wiley  H.  Marble,  formerly  manager  of  the  American  Stain- 
less Steel  Company,  Pittsburgh,  is  now  affiliated  with  the  Palmer 
Engineering  Company,  335  Fifth  Avenue,  that  city.  This  com- 
pany designs  stokers,  etc. 

V  V 

Ernest  McKay  has  resigned  his  position  as  works  superin- 
tendent of  the  Nova  Scotia  Steel  &  Coal  Company  to  go  to 
Pittsburgh,   where   he   will   engage   in   the   steel   industry. 

V  V 

Baltzar  De  Mare,  metallurgist  and  more  recently  steel  super- 
intendent for  the  Midvale  Steel  &  Ordnance  Company  for  ap- 
proximately 20  years,  now  has  been  appointed  general  manager 
of  the  Union   Electric   Steel   Company,   Carnegie,   Pa. 

V  V 

Robert  Gregg,  secretary  and  treasurer  of  the  Atlantic  Steel 
Company,  Atlanta,  has  been  elected  president  of  the  company, 
succeeding  Thomas  K.  Glenn,  who  has  been  made  chairman  of 
the  board  of  directors.  Mr.  Gregg  is  one  of  the  country's 
youngest  steel  presidents,  being  only  37  years  old.  He  was  born 
in  Atlanta,  April  14,  1885 ;  was  educated  in  the  public  and 
preparatory  schools  there  and  was  graduated  from  Georgia 
School  of  Technology  as  a  Bachelor  of  Science  in  1905,  and  next 
year  completed  a  post-graduate  course  at  Cornell  with  the  de- 
gree of  Mechanical  Engineer.    In  August  that  year  he  entered 
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the  employ  ol  the  Atlantic  Steel  Company  as  a  clerk  in  the  gen- 
eral superintendent's  office.  A  year  later  he  was  transferred 
to  the  open  hearth  department,  serving  as  a  helper  on  furnaces. 
Then  he  was  made  a  cost  accountant  and  in  1909  was  placed 
in  charge  of  the  accounting  department  and  in  1912  was  made 
secretary  of  the  company  in  which  he  also  is  a  director.  Later 
he  was  made  treasurer.  Besides  membership  in  several  local 
organizations,  Mr.  Gregg  is  a  member  of  the  American  Iron 
and   Steel   Institute. 

V  V 

Nelson  J.  Darling,  assistant  general  manager  of  the  Erie, 
Pa.,  works  of  the  General  Electric  Company,  has  been  elected 
manager  of  the  River  Works,  Lynn,  Mass.,  of  the  company,  to 
succeed  Richard  P.  Cox,  who  has  been  acting  manager  of  the 
West  Lynn,  Mass.,  works,  but  recently  promoted  to  manager. 

V  V 

William  J.  Priestly,  formerly  steel  superintendent,  naval 
ordnance  plant,  South  Charleston,  W.  Va.,  has  been  appointed 
works  manager,  Pittsburgh  Crucible  Steel  Company,  Midland, 
Pa.,  succeeding  H.  P.  Barnard,  resigned,  and  has  assumed  his 
new  duties.  Prior  to  going  to  the  naval  ordnance  plant,  Mr. 
Priestley  was  a  division  superintendent  at  the  Lehigh  plant  of 
the  Bethlehem  Steel  Company.  He  was  graduated  from  Lehigh 
University,  class  of   1908. 

V  V 

L.  A.  Touzalin,  assistant  superintendent,  blast  furnaces.  South 
Works,  Illinois  Steel  Company,  Chicago,  has  been  appointed 
superintendent  of  blast  furnaces  at  Joliet  Works,  Joliet,  111. 
Harry  Strain  succeeds  Mr.  Touzalin  at   South  Works. 

V  V 

Lane  Johnson  has  assumed  his  duties  as  chief  engineer  of 
the  United  Engineering  &  Foundry  Company,  Pittsburgh,  hav- 
ing been  previously  engaged  in  consulting  engineering  work  in 
the  Pittsburgh  district.  He  is  a  graduate  of  the  Massachusetts 
Institute  of  Technology  and  has  a  broad  experience  in  mill  work. 
Among  the  firms  with  which  he  has  been  connected  are  the 
Colorado  Fuel  &  Iron  Company,  Kokomo  Steel  &  Wire  Com- 
pany, American  Rolling  Mill   Company  and  Alex   Laughlin. 

V  V 

C.  E.  Potts,  superintendent  of  the  sheet  mills  of  the  Inland 
Steel  Company,  Indiana  Harbor,  Ind.,  has  resigned,  effective 
April  1,  on  account  of  ill  health,  and  will  make  his  home  in 


Los  Angeles,  Cal.  Mr.  Potts  is  succeeded  by  William  H.  Weich- 
sel,  formerly  superintendent  of  the  Dover  mill  of  the  Amer- 
ican Sheet  &  Tin  Plate  Company,  New  Philadelphia,  Ohio. 

V  V 

Walter  J.  Muncaster,  vice  president  and  general  manager  of 
the  Cumberland  Steel  Company,  Cumberland.  Md.,  has  re- 
signed, after  having  held  the  position  for  30  years.  He  was 
one  of  the  organizers  of  the  company  for  the  manufacture  of 
ground   shafting,  under  patents  granted  to  him. 

V  V 

F.  G.  Peterson  has  resigned  his  position  as  foundry  super- 
intendent for  the  Bucyrus  Company,   South  Milwaukee,  Wis. 

V  V 

C.  J.  McGregor,  who  for  the  past  five  years  has  been  assist- 
ant sales  agent  in  the  Cleveland  district  of  the  American  Steel 
&  Wire  Company,  has  been  made  sales  agent  for  the  company 
in  the  Buffalo  district,  effective  April  1.  Mr.  McGregor  has  been 
with  the  American  Steel  &  Wire  Company  over  20  years,  always 
in  a  sales  capacity,  and  had  been  stationed  at  Chicago  and 
Worcester  prior  to  coming  to  Cleveland.  He  succeeds  at  Buf- 
falo, E.  A.  Niven,  who  is  being  transferred  to  the  sales  organ- 
ization of  the  company  at  New  York.  The  position  of  assistant 
sales  agent  at  Cleveland  will  be  filled  by  P.  B.  Gilroy,  now 
attached  to  the  Detroit  office  of  the  company. 

V  V 

W.  C.  Peterson  has  resigned  as  metallurgical  engineer  for 
the  Atlas  Crucible  Steel  Company  to  become  manager  of  the 
Alloy  Steel  Division  of  the  Electric  Alloy  Steel  Company, 
Youngstown,  Ohio.  Mr.  Peterson  for  12  years  prior  to  his 
Atlas  Crucible  Steel  Company  connection  was  supervisor  of 
materials  in  charge  of  metallurgical  laboratories,  heat  treating 
departments,  etc.,  of  the  Packard  Motor  Car  Company. 

V  V 

Guy  Weir,  assistant  superintendent,  Eliza  Furnaces,  Jones 
&  Laughlin  Steel  Company,  has  resigned  to  accept  the  position 
of  superintendent  of  blast  furnaces  for  the  Pittsburgh  Crucible 
Steel  Company,  Midland.  Pa.  Mr.  Weir,  who  has  been  with  the 
Jones  &  Laughlin  Steel  Company  for  the  past  ten  years,  suc- 
ceeds Harry  H.  Hodgett,  resigned. 

V  V 

Edward  T.  McNulty  has  resigned  his  position  as  superintend- 
ent of  the  Wheeling  Steel  Corporation's  Yorkville,  Ohio,  plant  to 
become  general  manager  of  the  Charcoal  Iron  Products  Co. 
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I  Some  Pointers  on  By-Product  Coke  Oven  Operations 
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THE    KOPPERS    COMPANY   DEVELOPS   NEW 
BY-PRODUCT  COKE  OVEN. 

Announcement  has  been  made  by  The  Koppers  Company 
of  the  development  of  a  new  type  of  by-product  coke  oven 
vifhich  promises  to  revohitionize  by-product  coke  oven  prac- 
tice in  this  country.  The  design  of  this  oven  was  developed 
by  Joseph  Becker,  Consulting  Engineer  of  The  Koppers  Com- 
pany, and  is  covered  by  patents  by  The  Koppers  Company. 
A  battery  of  these  ovens  has  been  in  continuous  operation 
at  the  plant  of  the  Chicago  By-Product  Coke  Company  since 
the  latter  part  of  January.  The  average  coking  time  has 
been  under  11  hours  and  on  tests  this  oven  has  carbonized 
coal  in  9J^  hours. 

Since  beginning  operation  these  new  Koppers  ovens  have 
been  inspected  by  representatives  of  many  of  the  large  steel 
companies,  all  of  whom  have  been  most  enthusiastic  in  their 
praise  of  this  new  design.  In  the  judgment  of  one  prominent 
coke  oven  man  who  was  interviewed,  this  new  oven  will 
prove  to  be  the  most  efficent  by-product  coke  oven  ever  de- 
veloped. 

The  outstanding  feature  of  this  new  Koppers  oven  is  the 
perfect  heat  control  obtained,  which  insures  a  coke  that  is 
ideal  for  metallurgical  purposes.  Blast  furnace  operators  who 
have  examined  this  oven  and  the  co':e  produced  have  stated 
that  it  is  their  belief  that  the  use  of  coke  made  in  this  type 
of  oven  will  make  possible  much  more  efficient  blast  furnace 
operation.  Tests  have  been  made  with  these  ovens  on  many 
different  grades  of  coal,  including  the  straight  high  volatile 
coals  from  Pennsylvania  and  Kentucky,  and  Illinois  coal, 
with  excellent  results. 

In  this  connection  it  is  pointed  out  by  The  Koppers  Com- 
pany that  there  is  nothing  new  in  making  coke  from  Illinois 
coal.  This  has  been  done  for  a  number  of  years  in  Koppers 
ovens;  in  fact  in  1917  the  Bureau  of  Standards  conducted  a 
test  at  the  Koppers  Plant  of  the  Minnesota  By-Product  Coke 
iCompany.  St.  Paul,  Minnesota,  and  the  results  obtained  con- 
clusively proved  that  a  satisfactory  grade  of  metallurgical 
coke  could  be  made  in  the  standard  Koppers  oven  from 
Illinois  coal.  Other  Koppers  plants  in  the  middle  west  dis- 
trict have   also   used   Illinois   coal  with   equally  good   results. 

The  perfection  of  this  new  Koppers  oven  is  the  consum- 
mation of  many  years'  study  and  research  work  which  The 
Koppers  Company  has  devoted  to  the  im,provement  of  by- 
product coke  oven  practice  in  this  country  and  is  a  striking 
example  of  the  value  of  such  a  company  to  industry  as  a 
whole.  In  the  opinion  of  the  coke  oven  superintendents  and 
blast  furnace  men  who  have  inspected  this  new  type  of  oven, 
its  successful  operation  and  the  excellent  results  obtained 
mark  the  greatest  stride  in  this  industry  in  many  years. 

No  detailed  description  of  the  design  of  this  oven  has 
been  given  out  by  The  Koppers  Company  as  yet,  but  it  is 
expected  that  this  will  be  made  public  in  the  near  future.  In 
an  inten'iew  H.  B.  Rust,  President  of  The  Koppers  Company 
stated  that  in  his  judgment  this  new  oven  will  meet  with 
such  universal  favor  in  the  industry  that  it  was  very  doubtful 
if  The  Koppers  Company  would  ever  build  another  oven  of 
its  old  design.  

THE  CLAUDE  PROCESS  FOR  PRODUCING 
SYNTHETIC  AMMONIA. 

A  comprehensive  description  of  the  process  and  plant  was 
given    in   a   paper   read   by    Mr.    T.    H.   West,    before   a    joint 


meeting  of  the  Society  of  Chemical  Industry,  and  the  Institu- 
tion of  Mechanical  Engineers. 

The  process  consists  of  the  direct  combination  of  hydrogen 
and  nitrogen  under  pressure,  in  the  presence  of  a  catalyst,  the 
essential  difference  between  this  and  the  Haber  process, 
being  the  200  atmos.pheres  in  the  latter  case,  against  the  900 
atmospheres  in  the  former.  There  are  many  advantages  to 
be  derived  from  the  Claude  process,  however.  At  any  given 
temperature,  the  proportion  of  hydrogen  and  nitrogen  remain- 
ing combined  under  conditions  of  equilibrium,  increases 
rapidly  with  increase  of  pressure.  Another  point  of  im- 
portance with  high  pressure,  is  the  very  small  pipes  required; 
furthermore,  a  practical  advantage  is  the  lieat  produced  with 
900  atmospheres,  whereby  small  catalyst  vessels,  heated  ex- 
ternally and  electrically,  may  be  employed. 

Interesting  particulars  are  given  of  the  super-compressor 
.machine,  a  remarkable  feature  of  which  is  its  simplicity.  Com- 
parisons are  also  made  between  the  time  to  heat  up  after  a 
stoppage:  against  the  three  days  of  the  Haber  plant,  4-5  hours 
suffice  with  the  Claude. 

Carbon  monoxide,  which  is  liable  to  be  present  in  hydro- 
gen obtained  from  water  gas  or  coke-oven  gas,  is  eliminated 
by  the  Claude  process,  and  this,  together  with  suitable  methods 
for  obtaining  the  hydrogen  and  nitrogen,  is  described. 

A  further  advantage  of  the  high  pressure,  is  the  simple 
method  of  collecting  ammonia  in  liquid  form  by  merely  cool- 
ing the  gas  to  atmospheric  temperature. 

In  conclusion,  interesting  comparative  figures  are  given 
of  the  cost  of  power  required  for  producing  one  ton  of  am- 
monia  from   coke-oven   gas   and   from   electrolytic   hydrogen. 


ORIGIN    AND    CHEMISTRY    OF    COALS 
AND   SHALES. 

An  extensive  investigation  is  being  conducted  by  the 
Bureau  of  Mines  regarding  the  origin,  composition  and  chem- 
istry of  coals,  cannel  coals,  and  boghead  coals.  The  coals 
from  various  beds  and  localities  are  examined  microscopic- 
ally. Thin  section's  are  cut  and  examined  at  all  magnifica- 
tions; the  constituents  forming  coal  are  examined  and  certain 
characters  are  recorded  photographically.  Coals  may  thus 
be  studied  concerning  their  nature,  quality  and  various  char- 
acteristics. The  kinds,  relative  amounts  and  nature  of  the 
various  constituents  are  studied  and  correlated  with  their 
distillation  products  and  other  qualities  'and  characteristics 
shown  in  relation  to  their  economic  uses,  such  as  coking,  gas 
production^  steaming,  etc.  Oil  shales  and  cannel  slates  are 
also  being  studied  by  the  Bureau  of  Mines  as  to  their  origin, 
composition  and  chemistry.  Thin  sections  are  cut  and  studied 
under  the  microscope  and  characters  recorded  photographic- 
ally. The  mineral  matter  is  removed  by  means  of  acids  and 
the  remaining  organic  matter  examined  and  compared  with 
thin  sections.  The  organic  matter  is  burned  out  at  low  tem- 
peratures and  the  remaining  mineral  matter  also  examined  and 
compared  with  thin  sections.  The  kinds,  nature  and  relative 
amounts  of  the  various  constituents  are  thus  studied  and  cor- 
related with  the  kinds,  nature  and  relative  amounts  of  dis- 
tillation products. 
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The  Uehling  Instrument  Company,  Pat- 
erson,  N.  J.,  have  published  a  new  bulletin 
No.  112.  covering  Uehling  CO.-  recording 
equipment,  for  guiding  operating  boiler 
plant  engineers  in  the  reduction  of  the 
waste  of  fuel  up  the  chimney.  Particular 
attention  is  called  to  the  company's  re- 
cently developed  "Pyro-porus"  filter  which 
is  used  to  keep  the  gas  sampling  lines  clean. 

The  Deschanel  Engineering  Corporation, 
New  York,  N.  Y.,  in  an  8-page  booklet 
illustrates  and  describes  the  Deschanel 
cableway,  hoists  and  buckets. 

The  Kay  Mfg.  Company,  Norwalk, 
Conn.,  calls  attention  to  its  new  bulletin 
entitled  "Whitney  Free  Floating  Coupling," 
which  is  designed  to  transmit  power  from 
one  shaft  to  another,  though  the  shafts  are 
not  in  alignment,  without  causing  strains 
in  the  shafts  or  bearings.  Disassembled 
couplings  are  shown,  dimensions  are  given 
and  also  a  price  list. 

The  Oliver-Sherwood  Company,  San 
Francisco,  Cal.,  a  subsidiary  of  the  Oliver 
Continuous  Filter  Company,  has  issued  a 
new  catalog  on  "Cutless  Bearings."  Illus- 
trations are  given  as  well  as  a  description 
of  the  weak  link  in  every  pump,  the  secret 
of  cutless  bearing,  the  elimination  of  ex- 
pense of  machining,  the  many  uses  of  cut- 
less bearings  and  a  list  of  pump  manufac- 
turers using  the  bearings. 

The  Norton  Company,  Worcester,  Mass., 
in  a  40-page  booklet,  illustrates  and  de=- 
scribes  "Alundum  Safety  Tile,"  which  is 
for  stair  treads,  floors,  ramps,  elevator 
landings,  entrances  to  public  buildings  or 
wherever  a  slip-proof,  non-wearing  sur- 
face is  desired.  Illustrations  and  descrip- 
tions are  given  on  materials  and  process  of 
manufacture,  its  advantages,  general  char- 
acteristic of  physical  properties,  types  and 
sizes  and  specifications  for  the  proper  in- 
stallation of  alundum  safety  tile.  Interest- 
ing illustrations  are  given  of  the  actual 
use  of  this  tile  in  buildings,  subways,  stairs, 
floors,  etc.  i  f  lU 

The  Fulton  Foundry  &  Machine  Com- 
pany, Cleveland,  Ohio,  describes  the  Aire- 
dale clutch  in  a  bulletin  just  issuel.  This 
clutch  is  made  for  services  from  6  to  660 
hp.  in  standard  sizes,  and  is  applicable  for 
a  wide  range  of  machines  in  many  kinds 
of  industries.  The  clutch  will  not  "grab," 
but  picks  up  gently  and  is  simple  and  rug- 
gedly made. 

The  Merrill  Company,  San  Francisco, 
Cal.,  announces  it  snew  catalog.  "Merco 
Processes  and  Products."  Descriptions 
are  given  of  the  Merco  precipitation  proc- 
esses and  products  and  also  some  of  the 
up-to-date  results  achieved  by  representa- 
tive installations,  as  well  as  descriptions 
of  the  Crowe  vacuum-zinc  shavings  proc- 
ess,     Merrill      sluicing      clarifying      filter, 


Merco-Nordstrom  plug  valve,  Merrillite 
and  Merco  methods  for  clarifying  and  pre- 
cipitating cyanide   solutions. 

The  Philadelphia  Drying  Machinery 
Company,  Philadelphia,  Pa.,  has  recently 
issued  a  4-page  folder  which  describes  the 
various  types  of  "Hurricane"  driers  for 
chemicals,  battery  plates,  pharmaceuticals, 
electrical  porcelain,  leather,  tobacco,  spark 
plugs,  food  products,  etc.  The  truck  tray 
drier  is  described  as  well  as  the  storage 
battery  late  drier,  the  tunnel  truck  driers, 
automatic  conveyor  type  of  drier,  cabinet 
tray  drier,  continuous  sectional  conveyor 
drier  and  "Hurricane"  automatic  combina- 
tion  stick  and   apron  tobacco  drier. 

The  Wellman-Seaver-Morgan  Company, 
Cleveland,  Ohio,  has  issued  Bulletin  71  de- 
scriptive of  the  application  of  labor-saving 
machinery,  particularly  car  dumpers,  exca- 
vators, filling  bridges  and  excavating 
bridges.  It  also  describes  the  practical 
method  of  working  very  low  grade  ore, 
especially  by  the  leaching  process. 

The  Colorado  Iron  Works  Company  has 
issued  Pamphlet  33,  on  "The  Akins  Flota- 
tion and  Aeration  Machine." 

The  American  Steam  Gauge  &  Valve 
Mfg.  Company  of  Boston,  Mass.,  is  dis- 
tributing a  folder  describing  its  recording 
thermometer  which  has  recently  made  its 
appearance  on  the  market.  This  new  prod- 
uct is  actuated  by  different  methods,  de- 
pending on  the  purpose,  and  either  satu- 
rated vapor  expansion,  inert  gas  or  liquid 
is  employed.  It  is  in  a  10-in.  moisture- 
proof  case  to  record  any  temperature  up  to 
1,000  deg.  F.  at  any  distance  up  to  200  ft. 

The  Uehling  Instrument  Company,  Pat- 
erson,  N.  J.,  announces  two  new  publica- 
tions :  Bulletin  220,  on  "Magnitude  of  the 
Power  Plant's  Chimney  Loss,"  and  Bulle- 
tin 221,  on  "Relation  Between  CO;  and 
Money  Wasted  Up  the  Chimney." 
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The  Freeport  Sulphur  Company,  New 
York  and  Freeport,  Texas,  awarded  con- 
tract on  March  2  to  Dwight  P.  Robinson 
&  Company  for  the  design  and  construc- 
tion of  a  complete  sulphur  mining  plant  at 
Hoskins  Mound,  Texas.  Cloyd  M.  Chap- 
man has  been  retained  by  the  Freeport  Sul- 
phur Company  as  consulting  engineer. 

Freyn,  Brassert  .  &  Company  announce 
that  the  following  officers  have  been  named 
in  their  company:  F.  H.  Willcox,  vice 
president ;  Wyman  Eaton,  vice  president ; 
L.  T.   Shorley,  secretary. 

The  Electric  Furnace  Company  has 
moved  its  general  and  sales  offices  from 
Alliance,  Ohio,  to  Salem,  Ohio.  By  this 
action  all  departments  of  the  company  will 
be  consolidated  at  its  work,  Wilson  Street 
and  Pennsylvania  Railroad,  Salem,  Ohio, 


The  Sharon  Pressed  Steel  Company  have 
made  the  following  appointments  in  their 
sales  forces :  W.  C.  Ames  has  been  ap- 
pointed district  sales  manager  at  20  East 
Jackson  Blvd.,  Chicago,  111. ;  Ralph  E.  Phil- 
lips has  been  appointed  district  sales  mana- 
ger with  headquarters  at  66  Broadway, 
New   York   City. 

Combustion  Engineering  Corporation  an- 
nounce the  opening  of  a  new  branch  office 
at  1137  Guardian  Bldg.,  Cleveland,  Ohio. 
The  office  will  be  in  charge  of  Frank  Hen- 
derson, a  prominent   stoker  man. 

Detroit  Seamless  Steel  Tubes  Company 
of  Detroit,  Mich.,  makers  of  cold  drawn 
seamless  boiler  and  mechanical  tubing,  have 
just  established  their  own  branch  sales 
office  in  New  York  City.  It  is  located  in 
the  Canadian  Pacific  Bldg.,  342  Madison 
Ave.,  between  Forty-third  and  Forty- 
fourth  Sts.  A  noteworthy  addition  is  the 
appointment  of  H.  C.  Kensing  as  district 
sales  manager  for  the  New  York  territory. 

Freyn,  Brassert  &  Company,  Chicago, 
have  been  retained  as  consulting  engineers 
by  the  Cranberry  Furnace  Company  of 
Johnson   City,  Tenn. 

The  Chain  Belt  Company,  Milwaukee, 
Wis.,  has  announced  the  appointment  of  G. 
F.  Sherratt  as  manager  of  the  Pittsburgh 
office  in  the  Union  Arcade  Bldg.  The 
Ward  Equipment  Company  of  Pittsburgh 
will  continue  to  handle  the  complete  line 
of  Rex  concrete  mixers  and  pavers,  and  the 
United  Equipment  Company  the  Rex  trav- 
eling water  screens. 

The  Treadwell  Engineering  Company, 
Easton,  Pa.,  announce  the  affiliation  of 
Mark  L.  James  as  second  vice  president. 
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May  15-20 — National  Association  of  Pur- 
chasing Agents,  seventh  annual  convention, 
also  exposition  at  Exposition  Park,  Roch- 
ester, N.  Y.  H.  R.  Heydon,  19  Park  Place. 
New  York,  is  secretary. 

May  25-26 — American  Society  for  Steel 
Treating,  Sectional  Meeting,  Bureau  of 
Mines  Auditorium,  Pittsburgh,  Pa.  D.  W. 
McDowell,  Jones  &  I.aughlin  Steel  Com- 
pany, local  secretary. 

June  5-9 — American  Foundrymen's  As- 
sociation annual  convention  and  exhibition 
at  Exposition  Park,  Rochester,  N.  Y.  C.  E. 
.Hoyt,  Marquette  Bldg.,  140  South  Dear- 
born  Street,  Chicago,  is  secretary. 

June  26-July  1 — American  Society  for 
Testing  Materials  .twenty-fifth  annual 
meeting,  Chalfonte-Hadden  Hall  Hotel. 
Atlantic  City,  N.  J.  C,  L.  Warwick,  1315 
Spruce   Street,   Philadelphia,   is  secretary. 

September  11-15 — Association  of  Iron 
and  Steel  Electrical  Engineers,  1922  con- 
vention at  the  new  auditorium,  Cleveland. 
John  F.  Kelly,  Empire  Bldg..  Pittsburgh, 
is  .secretary. 
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American  Iron  and  Steel  Institute  Meeting 

Fifteen  Hundred  Steel  Men  Attend  the  Twenty-first  General 
Meeting — Valuable  Technical  Papers  Read — Judge  Gary's  Ad- 
dress Features  the  Meeting. 


THE  twenty-first  general  meeting  of  the  American 
Iron  and  Steel  Institute  was  held  at  the  Commodore 
Hotel.  New  York,  on  May  26.  There  were  three  ses- 
sions, the  forenoon  and  afternoon  sessions  being  devoted 
to  the  address  of  Judge  Gary  and  the  reading  of  a  num- 
ber of  the  technical  papers.  In  the  evening  a  banquet 
was  held.  The  technical  program  presented  at  this  meet- 
ing was  very  interesting.  The  papers  read  were  as 
follows : 

Address  of  the  President,  Elbert  H.  Gary,  Chairman 
United  States  Steel  Corporation,  New  York. 

"The  Development  of  the  Iron  and  Steel  Industry  of 
Australia,"  David  P>aker.  General  Manager,  The  Broken 
Hill  Proprietary  Company,  Newcastle,  N.  S.  W.,  Aus- 
tralia. 

"The  Relation  of  the  Doctor  to  the  Steel  Plant," 
Loyal  A.  Shoudv,  Chief  Surgeon,  Bethlehem  Steel  Cor- 
poration, Bethlehem,  Pa. 

"Industrial  Housing,"  C.  L.  Wooldridge,  General 
Superintendent,  Carnegie  Land  Company,  Pittsburgh,  Pa. 

"The  General  Etifect  of  Electrification  of  Steel  Mills 
Upon  Their  Operation,"  Wilfred  Sykes,  Assi.stanf  to 
Operating  Vice  President,  Steel  &  Tube  Company  of 
America,  Chicago,  111. 

"The  Importance  of  the  Iron  Ores  of  the  .Adirondack 
Region,"  Frank  L.  Nason,  Geologist,  West  Haven,  Conn. 

"Methods  of  Using  Fuel  in  Open  Hearth  Furnaces," 
W.  C.  Bulmer.  Superintendent,  Open  Hearth  Depart- 
ment, Ohio  Works,  Carnegie  Steel  Company.  Youngs- 
town,  Ohio. 

Part  of  the  papers  which  were  read  are  contained  in 
this  issue  of  The  Blast  Furnace  and  Steel  Plant. 
Others  will  appear  next  month. 

Judge  Gary  in  his  annual  address  said  in  part : 

Since  the  armistice  of  1918  I  have  never  spoken  publicly 
without  referring,  though  with  brevity,  to  the  signs  of  danger 
and  depression,  the  possibility  of  demoralization  and  disaster  as 
the  result  of  the  military  cataclysm  which  for  four  years  and 
more  convulsed  the  world.  We  have  not,  I  think,  entirely  passed 
from  under  the  clouds  of  adversity.  Certainly  we  are  carrying 
hitherto  unheard-of  heavy  governmental  financial  burdens.  At 
best,  these  will  not  soon  be  fully  discharged.    To  bear  them  grace- 


fully and  contentedly  there  must  be  not  only  forbearance,  encour- 
agement and  assistance  from  every  department  of  government  up 
to  the  limit  of  propriety  and  justice,  but  there  must  also  be  enter- 
tained by  every  individual,  consistently  and  constantly,  a  spirit 
of  patience,  pluck,  energy,  generosity,  loyalty  and  charity  fully 
up  to  his  or  her  highest  intelligence. 

Gentlemen  here  assembled,  we  must  do  our  part.  We  must 
be  fair  and  just,  as  loyal  to  the  Government  as  we  were  during 
the  war.  We  must  treat  others  in  such  manner  as  to  be  entitled 
to  their  approval. 

Little  need  be  said  about  the  changed  and  changing  business 
conditions  for  the  better  in  the  iron  and  steel  industry.  The 
facts  and  figures  have  been  and  are  being  published.  The  volume 
is  large  and  increasing.  The  profits  are  not  satisfactory,  but 
few,  if  any,  ought  to  be  doing  business  at  a  loss,  and  we  shall 
soon,  I  hope,  settle  down  to  a  readjusted  basis  of  prices  and 
rates  that  is  fair  and  reasonable  and  on  a  comparative  parity. 
Let  us  be  moderate  in  our  demands.  Profiteering  will  be  more 
and  more  exposed  and  eliminated.  I  could  if  necessary  refer 
to  some  outrages  which  still  exist ;  but  the  general  public,  when 
correctly  informed,  is  disposed  to  be  just  and  it  will  not  long 
overlook  nor  condone  the  exceptional  glaring  injustices  that  still 
obtain  in  prices  and  rates. 

Ever  since  the  armistice  was  signed,  when  I  have  spoken  it 
has  been  hopefully  as  to  the  long  business  future.  I  am  still  an 
optimist.  And  likewise  are  you.  It  is  seen  in  your  counte- 
nances. Big,  even  profitable,  business  has  been  ahead  of  us  all 
these  years,  though  it  has  been  at  times  obscured.  Now  we  seem 
to  be  nearer  a  realization.  But  every  one  in  official  or  private 
life,  employers  and  workmen,  professionalists,  merchants,  finan- 
ciers, mechanics,  artisans,  all,  properly  supported  by  our  Gov- 
ernment, may  and  will,  as  never  before,  utilize  to  the  greatest 
advantage  of  our  own  people  and  others  the  existing  and  pro- 
ductive wealth  of  this  great  country. 

Optimism  arises  from  opening  one's  eyes  and  ears  and  mind 
to  the  good  things  in  life  which  a  merciful  and  overruling  Provi- 
dence has  bestowed.  May  all  of  us  have  sense  to  appreciate. 
Pity  the  chronic  blind,  deaf  and  foolish  pessimist  of  the  United 
States. 

The  prosperity  and  welfare  of  all  the  people  depend  upon 
the  enactment,  the  administration  and  the  enforcement  of  law. 
It  furnishes  the  fundamental  distinction  between  human  beings 
of  today  and  the  cave  dwellers  of  the  past. 

All  fair-minded,  right  thinking  men  and  women  will  agree 
that  laws  should  be  adopted,  maintained  and  enforced  strictly  on 
the  basis  of  equal  opportunity  and  equal  responsibility  to  every 
man,  woman  and  child,  wherever  located  and  whatever  the  sur- 
rounding circumstances  may  be. 

Any  law  in  its  existence  or  administration  that  discriminates 
in  favor  of  or  against  any  individual,  calling  or  location  is  essen- 
tially wrong  and  is  injurious  to  the  whole  body  politic,  .^ny 
person  who,  for  selfish  reasons  or  as  an  advocate  for  another, 
insists  upon  a  claim  contrary  to  the  one  expressed  is  disloyal  to 
the  principles  of  our  national  scheme  of  government. 
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These  principles  should  always  be  borne  in  mind  by  the  ex- 
ecutive, the  lesislative  and  the  judicial  departments  of  govern- 
ment; by  the  fanner,  the  merchant,  the  banker,  the  carrier,  the 
manufacturer,  the  miner,  the  employer,  the  employe,  the  pos- 
sessors of  capital  and  the  impecunious  ;  and  in  these  days  par- 
ticularly they  should  be  constantly  emphasized  in  the  minds  of 
all  professionals — those  who  attempt  to  instruct  or  to  minister 
to  the  wants  of  others. 

I  trust  we  of  the  iron  and  steel  industry  are  conscious  of 
our  obligations  to  the  laws  of  the  land,  to  the  general  public  and 
to  our  neighbors,  those  with  whom  we  come  into  business  con- 
tact. This  should  be  our  constant  thought  and  study.  This  is 
a  substantial  part,  nay,  the  controlling  spirit  of  this  Institute. 

On  the  other  hand,  we  have  the  right  to  insist  that  all 
others  shall  be  required  to  conform  to  the  same  strict  accounta- 
bility ;  and  that  we  shall  receive  the  same  protection  and  bene- 
fits that  are  accorded  to  others.  As  the  prosperity  of  the  coun- 
try is  vitally  affected  by  the  passage  and  administration  of  laws, 
even  by  the  tinkering  of  legislation,  so  called,  it  is  deemed  appro- 
priate to  discuss  before  the  business  men  of  an  important  manu- 
facturing industry  some  of  the  current  proposed  legislation,  even 
though  what  we  may  say  or  think  may  have  little  influence. 

There  should  be  a  commission  of  well  paid,  high  minded, 
intelligent,  competent  and  non-partisan  appointees,  authorized  to 


ascertain  and  communicate  the  facts  and  figures,  and  their  re- 
ports should  be  frequent  so  that,  if  deemed  necessary,  a  change 
or  amendment  to  the  tariff  laws  could  be  made  at  any  time  Con- 
gress is  in  session. 

The  head  of  the  great  steel  trust  declared  he  wel- 
comed fair  laws  for  the  regulation  of  industry  or  investi- 
gations that  were  honest  and  non-partisan.     He  said: 

The  progress  and  prosperity  of  no  nation  can  long  endure 
if  any  single  factor  in  economic  life  shall  be  especially  favored 
or  punished  or  exempted. 

He  therefore  contended,  he  said,  that  trade  unions 
and  farmers'  organizations  should  be  subject  to  exactly 
the  same  kind  of  regulaton  as  industrial  and  coinmercial 
organizations. 

Mr.  Gary  opposed  immediate  passage  of  soldier 
bonus,  because  "the  load  of  taxation  ought  to  be  light- 
ened, not  increased."  H  passed  at  a  later  date  he  ex- 
pressed strong  approval  of  the  sales  tax  as  a  method  of 
raising  the  money. 


Gas  and  Air   Valves  for  Open  Hearth 

Furnaces 

Discussion  of  the  Development  of  the  Various  Types  of  Valves 
for  Which  Each  Inventor  Claims  Some  Superiority. 

By  WILLIAM   C.   BULMER,*   Superintendent, 
Open  Hearth  and  Bessemer  Depts.,  Ohio  Works,  Carnegie  Steel  Company,  Youngstown,  Ohio 


AS  the  early  metallurgist  had  little  if  any  knowledge 
of  gaseous  fuels,  it  follows  that  he  knew  nothing 
of  their  application  in  his  furnace.  His  experience 
was  confined  to  the  burning  of  solid  fuels,  such  as  wood 
and  charcoal,  and  later  to  the  organic  deposits  of  the 
earth,  of  which  coal,  peat  and  lignite  are  examples.  It  is 
reasonable  to  assume  that  one  of  his  very  first  problems 
included  the  regulation  of  temperature,  which  he  solved 
by  the  use  of  the  forced  blast  of  the  bellows.  With  the 
increase  of  his  knowledge  he  learned  that  a  further  regu- 
lation of  temperature  was  necessary,  and  we  find  him 
placing  a  movable  cover  over  his  chimney,  or  a  damper 
or  slide  in  the  fine  leading  to  it,  whereby  the  passage  of 
the  waste  gases  to  the  atmosphere  might  be  constricted 
at  will  or  as  his  process  demanded.  He  augmented  this 
by  the  use  of  doors  covering  the  opening  through  which 
he  introduced  his  fuel,  and  over  the  pit  from  which  the 
ash  was  removed.  These  contrivances  not  only  permit- 
ted him  to  govern  his  temperature,  but  they  also  pro- 
vided a  means  whereby  he  could  control  the  character 
of  the  reactions  taking  place  in  his  furnace,  and  we  find 
him  able  to  produce  a  reducing  atmosphere,  where  one 
of  an  oxidizing  nature  did  not  suit  his  process. 

In  the  developinent  of  the  early  blast  furnace,  it  was 
discovered  that  large  quantities  of  useful  fuel,  escaping 
from  the  top  in  the  form  of  a  gas,  might  be  utilized  for 
preheating  the  blast  air  for  the  furnace.  This  was  accom- 
plished by  burning  the  gas  in  a  chamber,  through  which 
the  air  was  passed  by  means  of  cast  iron  pipes  or  con- 
duits.    From  this  grew  the  practice  of  burning  the  gas 

♦Abstract  of  paper  presented   before   American   Iron   and 
Steel  Institute,  New  York,  May  26,  1922. 


in  a  series  of  chambers  and  alternately  passing  the  blast 
air  through  them  before  it  entered  the  furnace.  These 
inventions  made  possible  the  saving  of  more  than  one- 
half  of  the  fuel  otherwise  necessary  for  the  process. 

The  experiinents  of  William  and  Frederick  Siemens 
in  the  production  of  steel  in  reverberatory  furnaces  began 
as  early  as  1856.  They  found  that  they  could  not  suc- 
cessfully obtain  the  results  desired  by  the  use  of  cold  air 
in  the  combustion  of  their  fuel,  which  led  to  the  adoption 
of  the  regenerative  principle  characteristic  of  open 
hearth  furnaces.  Higher  temperatures  and  an  economy 
in  the  consumption  of  fuel  were  a  natural  consequence. 

As  all  regenerative  types  of  furnaces  require  a  peri- 
odic reversal  of  the  flow  of  gases  through  them,  some 
mechanical  agency  must  be  employed  to  cause  the  change 
of  direction.  The  simplest  device  for  this  purpose  is  the 
butterfly  valve,  and  naturally  it  was  the  one  first  adopted. 
It  served  the  purpose  and  would  be  the  ideal  contrivance 
if  the  material  of  which  it  is  made  did  not  become  dis- 
torted through  the  expansion  and  contraction  caused  by 
the  variation  of  temperature  to  which  it  is  subjected.  Its 
use  for  the  regulation  of  the  air  has  been  more  or  less 
satisfactory,  and  in  some  cases  it  still  survives  as  an 
adjunct  to  certain  classes  of  air  valves,  but  its  applica- 
tion to  the  reversal  of  gas  has  not  met  with  favor. 

Apparently  little  effort  was  made  towards  the  im- 
provement of  the  early  valves  until  the  year  1889,  when 
a  water-cooled  butterfly  valve  was  installed  at  No.  2 
open  hearth  plant  of  Carnegie,  Phipps  &  Coinpany  at 
Homestead.  The  idea,  of  course,  was  to  prevent  distor- 
tion, but  difficulty  was  encountered  in  keeping  it  water- 
tight and  it  was  replaced  by  a  cast  iron  one  of  the  dry 
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class.    This,  in  turn,  gave  way  to  the  double-seated  mush- 
room valve  in  1900. 

Minimum  Resistance  to  Flow  of  Gases. 

The  chief  requisites  of  a  proper  valve  are  an  effec- 
tive seal  and  an  unrestricted  passage.  The  choice  of  a 
valve  requires  most  careful  consideration,  as  upon  the 
fulfillment  of  certain  requirements  depends  the  suc- 
cessful operation  of  the  furnace.  In  order  of  importance 
we  should  consider,  first,  the  valve  having  the  minimum 
resistance  to  the  flow  of  gases,  combined  with  the  least 
amount  of  leakage  past  the  valve. 

From  investigation  of  installations  now  in  use,  it  can 
be  safely  stated  that  the  effective  draft  in  the  flue  lead- 
ing from  the  checkers  will  seldom  be  over  50  per  cent  of 
that  found  at  the  base  of  the  stack.  To  determine  the 
cause  of  draft  failure,  in  the  early  stages  of  the  campaign 


of  the  gas  in  passing  through  the  valve  formed  zones  of 
eddy  currents  which  resulted  in  a  partial  vacuum.  The 
moving  of  the  pressure  testing  pipe  across  the  area  of  the 
valve  port  would  show  readings  varying  from  .4  in.  to 
minus  .1  in.  water  column.  Needless  to  say,  the  actual 
area  of  flow  through  the  port  was  considerably  less  than 
the  total  area,  which  of  itself  was  too  small  for  the 
amount  of  gas  to  be  handled.  Not  only  did  the  four  right 
angle  turns,  necessitated  in  the  flow  of  the  gas  out  of  the 
flue  through  the  valve  and  back  to  the  flue,  cause  serious 
frictional  losses,  but  the  impingement  of  the  gas  on  the 
extending  water  seal  was  also  a  detrimental  factor. 

Resistance  to  flow  through  the  valves  has  a  very  bad 
effect  on  the  operation  of  any  furnace,  as  the  slowing  up 
in  the  time  of  heats  and  the  final  shutting  down  of  the 
furnace  on  account  of  the  clogging  of  the  air  checkers 
are  largely  due  to  the  lack  of  sufficient  draft  to  pull  the 
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Fig.  1 — Arrangement  of  flues  for  Knox  Valves. 


on  furnaces  at  .South  Chicago,  measurements  were  taken 
throughout  the  entire  system  of  flues  between  the  re- 
generative chambers  and  the  stack.  The  gas  valve  was 
of  a  well  known  type  used  in  conjunction  with  a  butter- 
fly air  valve,  and  when  measurements  were  taken  in  the 
flue  on  each  side  of  these  valves  there  was  found  to  be 
a  frictional  loss  amounting  to  52  per  cent  of  the  stack 
draft.  This  is  not  at  all  an  unusual  condition,  as  instal- 
lations have  been  found  where  the  effective  draft  in  the 
checker  flues  was  only  30  per  cent  of  that  of  the  stack. 
In  a  heating  furnace  at  South  Chicago,  on  account  of  a 
difficulty  existing  in  the  draft,  a  considerably  higher 
stack  was  built  before  an  investigation  of  the  conditions 
was  made.  As  little  improvement  was  found  in  the 
working  of  the  furnace,  a  search  was  made  to  determine 
the  cause  of  the  trouble  and  it  was  found  that  the  loss 
of  draft,  due  to  the  valve  and  turns  leading  to  and  from 
it,  amounted  to  72  per  cent  of  the  stack  draft.  Obviously, 
in  this  case,  the  valves  were  altogether  too  small  for  the 
furnace.  I  have  known  of  measurements  being  made  at 
various  plants  on  the  draft  loss  due  to  the  valves,  and  in 
no  case  have  I  found  it  to  be  less  than  27  per  cent,  and 
this  on  a  furnace  where  the  valves  were  of  rather  ample 
size.  In  another  investigation  as  to  draft  and  pressure 
conditions  existing  through  a  gas  valve,  portions  of  the 
producer  gas  port  of  the  valve  were  found  to  show  a 
negative  reading.     This  indicated  only  that  the  churning 


waste  gases  through  the  restricted  opening.  The  dirt 
will  accumulate  in  inverse  proportion  to  the  draft  at  the 
checkers,  and  only  a  sufficient  pull  at  all  times  will  insure 
a  sharp  working  furnace.  It  is  not  difficult  to  decide, 
therefore,  that  the  type  of  valve  to  choose  is  one  that 
will  permit  of  the  draft  at  the  checkers  being  as  near  to 
that  of  the  stack  as  possible. 

In  addition  to  the  valves,  another  factor  which  should 
be  considered  with  reference  to  a  free  flow  of  the  gases 
is  the  directness  of  flue  passage  with  the  shortest  pos- 
sible length,  not  only  between  the  furnace  and  the  stack, 
but  also  between  the  gas  producers  and  the  valves.  Sharp 
turns  in  the  flues,  poorly  designed  valves,  or  a  combina- 
tion of  both,  will  have  a  very  detrimental  effect  upon  the 
working  of  the  gas  producers,  as  it  requires  excessive 
pressure  to  drive  the  gas  to  the  furnace,  resulting  in  poor 
gas  and  improper  producer  operation.  Many  installations 
of  restricted  valves  with  poorly  designed  flues  will  be 
unable  to  properly  procure  a  sufficient  supply  of  good  gas 
to  operate  to  the  best  advantage  with  the  adoption  of 
the  present  day  sharp  working  furnace,  but  in  many  cases 
this  can  be  materially  improved  by  the  adoption  of  a 
valve  having  unrestricted  passage. 

Advantages  of  the  One-Way  Valve. 

Valves  may  be  divided  into  three  groups,  namely : 
one-day,  two-way  and   four-way,    depending    upon    the 
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number  of  directions  of  gas  or  air  passage  through  them. 
Those  of  the  one-way  group  are  the  only  ones  which 
ofTer  means  of  regulating  the  flow  of  gases  to  and  from 
each  checker  chamber  separately  without  additional 
equipment  in  the  form  of  extra  dampers  or  valves. 

If  a  furnace  is  designed  for  proper  distribution  of 
the  waste  gases  between  the  air  and  gas  checkers,  this 
distribution  will  not  be  maintained  for  long  without 
proper  valve  regulation.    The  accumulation  of  dirt  in  the 


Fig.  2— The  Blair  valve. 

air  checkers  will  add  frictional  resistance,  which  will  de- 
crease the  proportionate  amount  of  waste  gases  going 
through  these  checkers  and  the  furnace  will  soon  be 
thrown  out  of  balance.  By  the  use  of  a  one-way  valve, 
manipulation  of  the  floor  stands  can  be  made  to  open 
the  valve  to  any  required  degree,  and  at  all  times  in  the 
furnace  campaign  any  desired  proportion  of  the  waste 
gases  can  be  put  through  either  of  the  chambers.  The 
same  regulation  of  the  incoming  gas  can  be  made  to  off- 
set the  disadvantage  of  unequal  port  areas  on  either 
end  of  the  furnace.  This  regulation  should  be  particu- 
larly useful  in  a  plant  which  does  not  run  through  Sun- 
days. With  only  sufficient  gas  kept  on  the  furnace  during 
the  Sunday  shutdown  to  keep  the  furnace  hot,  the  air 
chambers   usually   become   much   colder    than    the    gas 


chambers  and  it  is  not  until  two  or  three  days  later 
that  the  temperature  of  the  chambers  is  properly  bal- 
anced. With  a  single-way  valve  installation,  the  regula- 
tion can  be  made  such  that  practically  all  the  waste 
gases,  during  the  period  in  which  the  furnace  is  simply 
being  kept  warm,  can  be  caused  to  go  to  the  air  cham- 
bers, thus  keeping  them  up  to  a  much  better  temperature 
than  would  otherwise  be  the  case. 

.Vnother  advantage  of  a  single-way  valve  is  that  it 
can  be  adapted  to  any  desired  flue  layout  and  could  often 
be  readily  installed  to  correct  present  difficulties,  due  to 
poor  flue  arrangement,  with  a  poorly  constructed  valve 
that  might  be  in  use.  For  waste  heat  boiler  work  a  valve 
giving  straight  line  flow  with  a  minimum  of  exposed 
water-cooling  will  give  the  best  results.  Not  only  does 
this  type  of  valve  insure  higher  waste  gas  temperature  to 
the  boilers,  but  because  of  their  ofifering  practically  no 
resistance  to  the  passage  of  the  gases,  they  require  less 
power  for  operating  the  boiler  fan.  The  argument  might 
be  offered  that  where  waste  heat  boilers  are  used,  suf- 
ficient draft  can  always  be  obtained  by  the  use  of  a  suf- 
ficiently large  fan,  but  this  would  be  poor  reasoning,  for 
if  between  the  stack  and  furnace  ports  certain  frictional 
resistance  can  be  tolerated,  it  is  much  better  to  have  this 
resistance  offered  by  a  closer  laying  of  checkers  than  by 
unnecessary  resistance  through  the  valves  or  with  nor- 
mal areas  through  the  checker  chamber.  The  less  the 
resistance  offered  by  the  valves,  the  smaller  the  incoming 
and  outgoing  ports  can  be  made,  which  will  result  in  bet- 
ter combustion  conditions. 

Types  and  Classes  of  Valves. 

Valves  may  be  of  the  following  types :  slide  or  damper, 
butterfly,  mushroom  and  movable  hood.  They  may  be 
classed  as  dry,  refractory-lined,  water-cooled  and  water- 
sealed. 

The  slide  and  butterfly  types  may  be  any  of  the 
classes  or  combination  of  classes,  but  the  water  seal  is 
rarely  applied  to  them.  The  mushroom  type  may  be  of 
any  of  the  classes.  The  movable  hood  type  is  usually 
refractory-lined  and  water-sealed,  although  the  refrac- 
tory lining  is  sometimes  omitted.     In  a  general  way  the 


Fig.  3 — The  Isley  valve. 

butterfly  valve  may  be  considered  as  a  modified  slide  or 
damper,  and  we  can  state  that  the  slide  valve,  of  all  those 
devised,  offers  the  last  obstruction  to  the  passage  of  the 
gas  through  it.  Invariably,  in  the  other  types,  a  change 
of  direction  in  the  path  of  the  gas  of  from  90  degrees  to 
180  degrees,  and  in  some  cases  as  much  as  360  degrees, 
occurs,  and  the  friction  losses  are  therefore  bound  to 
occur. 

In  the  dry  class  no  attempt  is  made  to  cool  the  casting 
or  plates  of  which  the  valve  or  its  seat  is  made.  The 
slide  and  butterfly  are  frequently  of  this  character. 

The  refractory-lined  valves  are  confined  mostly  to 
the  slide,  mushroom  and  movable  hood  types,  although 
nearly  all  have  the  surrounding  hood,  where  such  is  em- 
ployed, lined  with  brick.     Refractory  linings  are  hard  to 
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hold  in  place  because  of  the  jar  that  accompanies  the 
reversal,  and  no  matter  how  tightly  wedged  when  put  in 
service  the  lining  will  eventually  loosen  and  fall  out. 

The  water-cooled  valves  embrace  the  slide,  butterfly 
and  mushroom  types.  They  have  the  principal  parts,  in- 
cluding the  seat,  filled  with  moving  water,  whereby  an 
even  temperature  within  the  member  is  maintained  and 
distortion  from  expansion  and  contraction  prevented. 
They  are  not  always  reliable  in  this  respect  and  are  par- 
ticularly Iik"ly  to  fail  after  a  short  time  when  made  of 
cast  iron. 

About  the  year  1914.  experiments  were  begun  with  a 
water-cooled  damper  valve  made  of  rolled  steel  plate  and 
at  the  present  time  it  is  possible  to  procure  a  welded  steel 
plate  valve  working  on  an  inclined  water-cooled  seat, 
each  having  machined  surfaces  where  contact  is  made, 
that  will  give  a  minimum  amount  of  leakage  and  is  so 


water  and  exposed  water-cooled  parts  to  one  having  a 
minimum  amount  of  exposed  cooling  surface,  resulted 
in  an  increase  of  temperature  in  the  waste  gases  going 
to  the  boilers  of  approximately  180  degrees.  This  tem- 
perature difference  checks  up  very  well  with  the  usual 
temperature  drop  found  through  the  ordinary  types  of 
valves  which  offer  a  large  amount  of  exposed  cooling  sur- 
face, and  in  one  investigation  I  found  the  temperature  to 
show  a  difference  of  240  degrees.  A  similar  change  of 
valves  at  Wierton  has  resulted  in  their  increasing  the 
waste  heat  boiler  output  from  58  per  cent  to  78  per  cent 
of  rating.  Wierton  is  getting  this  rating  from  their  boil- 
ers on  a  low  coal  consumption,  which,  when  their  fur- 
naces are  working  properly,  is  in  the  neighborhood  of 
450  pounds  per  ton  of  ingots. 

Another   objection   to  the   use   of   a   valve   having  a 
water-sealed   seat   has   been   that   it   is   alwavs   liable   to 


Fig.  A — Reversing  valves  and  flue  arrangement — Pennsylvania  Steel  Company,  Steelton,  Pa.,  1910. 


constructed  that  any  expansion  or  construction  that 
might  take  place  does  not  tend  to  distort  the  valve  and 
destroy  the  sea!.  Some  trouble  was  experienced  with  the 
accumulation  of  a  carbonaceous  material  on  the  face  of 
the  valve  which  might  tend  to  cause  leakage,  but  with  the 
present  valve  the  trouble  has  been  so  slight  that  it  is  being 
given  very  little  consideration.  The  adoption  of  a  re- 
fractory surface,  v/here  the  valve  is  exposed  to  the  pro- 
ducer gas,  will  materially  aid  in  eliminating  any  slight 
trouble  that  might  be  caused  from  this  source. 

Water-sealed  valves  provide  the  most  perfect  seal  that 
has  as  yet  been  devised  and  can  be  used  eflectively  with 
the  mushroom  or  the  movable  hood.  In  each  case  a  pro- 
jection of  the  valve  is  plunged  into  a  basin  of  water  of 
sufficient  depth  so  that  the  liquid  column  will  more  than 
balance  the  difference  of  pressure  within  the  conduit  and 
the  atmosphere  or  adjacent  passageway.  The  glaring 
fault  of  this  class  of  valve  lies  in  the  water  evaporation 
that  takes  place  from  the  basin ;  the  passing  hot  gas  picks 
up  the  vapor  and  is  cooled  to  an  appreciable  extent. 
There  is  also  more  or  less  water  splashed  into  the  gas 
flues  at  each  reversal.  This  not  only  must  be  evaporated, 
but  coming  in  contact  with  the  brickwork  of  the  flue 
causes  deterioration.  At  the  Gary  works  of  the  Illinois 
Steel  Company,  on  some  of  their  stationary  producer 
gas  furnaces,  the  change   from  a  valve  having  exposed 


leakage  in  portions  that  are  hidden  from  the  view  of 
the  furnacemen,  and  it  is  only  when  the  effect  upon  the 
working  of  the  furnace  is  noted  that  inspection,  which 
in  most  cases  is  difficult,  proves  that  the  trouble  is  due  to 
a  crack  in  the  casting,  and  it  not  infrequently  happens 
that  a  negative  pressure  will  cause  a  portion  of  the  water 
to  syphon  from  the  basin  into  the  flue.  The  substitution 
of  welded  steel  plate  seats  for  cast  iron  seats  has  to  a 
great  extent  eliminated  the  trouble  due  to  leakage,  but 
the  immersion  of  the  valve  into  the  water  when  the  seal 
is  made  will  remain  a  constant  factor  in  the  splashing 
of  water  over  the  edge  of  the  seat  and  into  the  flues. 
The  brick  walls  that  form  the  flues  and  support  the  valve 
suffer  from  the  effect  of  this  moisture  and  the  resultant 
weakening  of  the  joints  often  causes  leakage  of  gas  from 
the  gas  passage  into  the  waste  gas  flue,  which  often  con- 
tinues for  a  considerable  length  of  time  before  becoming 
sufficiently  bad  to  cause  detection.  The  impact  upon  the 
seating  of  certain  types  of  water-sealed  valves  is  an  added 
source  of  destruction  to  the  seat,  and  not  only  do  you 
have  a  serious  loss,  due  to  leakage  of  water  into  the 
flues,  but  in  most  cases  it  is  necessary  to  stop  the  opera- 
tion of  the  furnace  until  the  seat  can  be  replaced. 

.■\n  added  security  is  provided  against  gas  leakage 
past  the  valve  in  one  make  in  which  the  flues  are  com- 
pletely separated  by  means  of  a  brick-lined  tube,  acting 
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on  the  same  principle  as  a  switch  in  a  railroad  track, 
whereby  the  flues  are  connected  as  desired  and  the 
change  in  the  flow  of  gas  controlled.  The  water  in 
connection  with  this  valve  is  of  comparatively  small 
area,  open  to  inspection  at  all  times. 

For  moving  valves  every  known  method  has  been 
applied,  including  hand  power,  hydraulic,  pneumatic  and 
steam  cylinders,  and  electric  motor.  The  latter  method 
is  no  doubt  the  most  satisfactory,  and  its  popularity  will 
increase  in  the  future.  Whatever  the  mechanism  em- 
ployed, it  should  be  of  a  sturdy  character  and  able  to 
withstand  the  strains  that  are  put  upon  it. 

The  theoretical  relation  of  the  areas  of  gas  and  air 
valves  and  openings  into  the  furnace  has  been  discussed 
bv  numerous  authors  and  for  those  who  may  be  inter- 
ested in  this  phase  of  the  subject,  reference  is  made  to 
the  paper  on  "The  Principles  of  Open  Hearth  Furnace 
Design,"  by  Charles  H.  F.  Bagley,*  and  also  to  the  paper 
on  "The  Basic  Open  Hearth  Process,"  by  Mr.  F.  H. 
Toy,t  in  which  he  states  that  practical  experience  has 
demonstrated  that  an  air  valve  area  of  one  square  foot 
per  ten  tons  of  furnace  capacity  is  adequate. 


a  satisfactory  water-cooled  valve  and  seat,  and  to  one 
having  a  perfect  seal,  but  it  would  appear  that  witli  the 
exception  of  two  of  recent  invention,  i.  e.,  one  in  which 
one  end  of  a  section  of  flue  swings  through  an  arc  of  a 
circle  connecting  adjacent  flues,  and  the  welded  steel 
damper  type  having  an  inclined  water-cooled  seat  with 
machined  working  surfaces,  none  measure  up  to  the  re- 
quirements we  have  stated  for  an  ideal  valve.  Too  much 
weight  should  not  be  given  in  the  choice  of  a  valve  to 
the  first  cost,  providing  satisfactory  operating  conditions 
in  all  respects  can  be  attained. 

The  water-cooled  slide  with  inclined  seat  comes  near- 
est to  the  perfection  we  are  seeking.  Its  durable  me- 
chanical construction,  including  sturdy  manipulating  de- 
vices, all  of  which  is  easily  accessible  for  repairs,  com- 
bined with  straight  line  flue  passages,  least  heat  losses, 
independent  control  of  flow  for  each  chamber,  minimum 
leakage,  adaptability  to  local  conditions,  small  space  re- 
quired, m.inimum  loss  of  fuel  at  time  of  reversal  and  low 
maintenance  cost,  recommends  it  to  our  serious  con- 
sideration. 


Much  thought  has  been  given  to  the  development  of  362, 
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The  General  Effect  of  Electrification  on 
The  Operation  of  Steel  Mills 

Some  Interesting  Figures  on  the  Operation  of  the  Mills  at  the 
Mark  Plant  Are  Included — Writer  Believes  Electric  Power  Is 
More  Economical  Than  Steam  Power. 

By  WILFRED  SYKES 
Assistant  to  the  Operating  Vice  President,  The  Steel  &  Tube  Company  of  America, 

Chicago,  111. 


THE  reason  for  electrification  is  fundamentally  due 
to  certain  inherent  characteristics  of  the  genera- 
tion, distribution  and  utilization  of  electricity. 
Electrical  generating  stations  use  prime  movers  of  the 
most  economical  type  known  today  and  of  such  size 
as  to  give  the  best  operating  results,  independently  of 
the  size  or  characteristics  required  for  any  particular 
mill  or  other  consumer  of  power.  The  combination  of 
generating  units  in  service  depends  only  upon  the  com- 
bined load  of  all  the  mills  that  may  be  running  and 
the  available  capacity  can  be  varied  rapidly  to  supply 
the  demand  for  a  greater  or  a  lesser  output  and  still 
maintain  a  high  operating  efficiency. 

Frequently  we  have  a  choice  as  prime  movers  of 
either  internal  combustion  engines,  using  blast  furnace 
gas,  or  of  steam  turbines.  The  former,  while  having 
a  better  fuel  economy,  are  limited  by  constructional 
difficulties  to  sizes  of  not  larger  than  3,000  to  4,000  hp, 
so  that  a  large  plant  requires  a  great  many  individual 
generating  units.  The  steam  turbine  can  be  built  in 
any  size  that  is  required  for  even  our  largest  plants 
and  the  limit  of  output  of  a  single  unit  has  not  yet 

♦Abstract  of  paper  presented  before  .American  Iron  and 
Steel  Institute,  Spring  Meeting,  May  26,  1922,  New  York 
City. 


been  reached.  The  first  cost  of  a  gas  engine  driven 
station  is  at  least  twice  as  much  as  a  modern  steam 
station  and  this  frequently  is  sufficient  to  oft'set  the 
better  economy.  Continual  improvements  are  being 
made  in  the  design  of  steam  stations  which  tend  to 
reduce  this  difference  in  economy,  and  the  situation 
today  is  that  the  difference  in  the  number  of  heat  units 
required  in  the  fuel  under  average  operating  conditions 
probably  does  not  exceed  about  15  per  cent.  This  is 
the  overall  efficiency  from  the  fuel  to  the  switchboard. 
The  result  of  this  freedom  of  choice  of  prime  movers 
and  the  facility  with  which  different  combinations  of 
machines  can  be  run,  to  take  care  of  varying  operating 
conditions,  makes  possible  a  very  much  better  utiliza- 
tion of  the  energy  in  the  fuel  than  is  possible  with  any 
type  of  prime  mover  driving  the  mill  direct. 

Another  advantage  of  centralizing  the  power  equip- 
ment is  that,  due  to  the  diversity  of  the  mill  loads,  the 
average  that  has  to  be  carried  by  the  central  station 
is  very  much  less  than  the  summation  of  the  loads 
that  occur  on  the  individual  consuming  units,  and  the 
fluctuations  of  load  are  less,  so  that  the  prime  movers 
can  be  run  at  more  nearly  their  most  economical  out- 
jj^put. 

The  conversion  of  the  output  of  the  prime  mover 
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into  electricity  is  accomplished  with  a  loss  that  seldom 
exceeds  5  per  cent  with  modern  equipment. 

Perhaps  the  greatest  economy  of  electric  drive  is 
due  tp  the  small  loss  with  which  this  form  of  power 
can  be  distributed  and  the  fact  that  the  loss  varies 
with  the  load  so  that  the  lines  can  be  kept  charged 
ready  to  supply  power  as  demanded  and  loss  only  oc- 
curs when  power  is  actually  being  used.  Even  at  full 
load  the  loss  in  the  lines  seldom  exceeds  one  or  two 
per  cent.  If  we  contrast  this  with  steam  distribution, 
the  saving  is  very  obvious.  Anyone  interested  in  mak- 
ing up  steam  costs  in  a  mill  knows  that,  even  after 
making  what  appears  to  be  very  liberal  allowances  for 
the  consumption  of  the  different  engines  based  on  the 
output  of  the  mill,  there  remains  a  very  large  amount 
of  steam  not  accounted  for ;  and  I  think  it  would  not 
be  an  overstatement  to  say  that  we  can  seldom  ac- 
count for  more  than  about  50  per  cent  of  the  steam 
generated,  consequently  the  difference  must  be  pro- 
rated over  the  different  mills.  It  is  therefore  very 
misleading  to  talk  of  any  engine  consuming  so  many 
pounds  of  steam  per  horse-power  or  per  ton  of  steel 
rolled,  unless  we  take  into  consideration  this  factor 
since  what  we  are  really  interested  in  is  the  amount 
of  fuel  used  as  gas  or  coal  to  roll  a  ton  of  steel.  This 
is  a  condition  with  which  every  mill  engineer  is  fa- 
miliar and  even  the  best  laid  out  and  operated  plants 
do  not  appear  to  be  able  to  avoid  it.  With  modern  en- 
gine drives,  quite  good  efficiencies  are  obtained  under 
test  conditions  although,  of  course,  not  as  good  as 
can  be  gotten  in  a  properly  laid  out  central  power 
station. 

To  convert  the  electrical  energy  to  mechanical  work  . 
we  must  use  motors.  The  efficiency  of  a  continuously 
running  motor  under  the  varying  conditions  of  load 
will  usually  average  well  over  90  per  cent.  In  the  case 
of  a  reversing  mill,  which  involves  first  the  conversion 
of  electricity  from  one  form  to  another  and  then  into 
mechanical  work  as  well  as  providing  for  equalization 
of  the  peak  loads,  the  overall  efficiency  from  the  switch- 
board to  the  mill  coupling  will  run  over  75  per  tent. 

In  any  discussion  of  economy  we  must  be  careful 
to  distinguish  between  theoretical  figures  and  actual 
operating  results,  as  what  we  are  interested  in  is  the 
overall  efficiency  from  the  energy  in  our  gas  or  coal 
to  the  mill  coupling  during  a  month's  or  a  year's  opera- 
tion and  the  only  teacher  of  any  value  is  experience. 
The  best  measure  is  our  power  cost  per  ton  of  material 
shipped.  Complete  electrically  driven  mills  show  de- 
cided advantages  when  this  measuring  stick  is  applied 
to  the  question. 

As  a  matter  of  interest,  I  am  giving  a  few  figures 
of  two  reversing  mills  in  our  plant,  one  being  the  re- 
versing blooming  mill  and  the  other  the  reversing  uni- 
versal plate  mill.  The  former  rolls  ingots  (20  in.  x 
22  in.,  weighing  7,300  lbs.)  to  blooms  averaging  about 
6  in.  X  8  in.  for  the  billet  mill,  and  ingots  (16  in.  x 
38  in.,  weighing  10.500  lbs.)  to  slabs  for  the  plate  mill. 
The  plate  mill  rolls  the  slabs  from  the  bloomer  to 
skelp  for  the  pipe  mills,  a  typical  range  of  which  is 
given  later  in  this  paper. 

Closely  connected  with  the  subject  of  economy  is 
the  question  of  mill  layout.  The  facility  with  which 
electricity  can  be  distributed  relieves  us  of  the  neces- 
sity of  considering  power  distribution  and  mills  can 
be  arranged  in  the  best  possible  manner  for  operation 
without  having  to  face  any  disabilities  on  the  score  of 
power  economy. 


POWER    CONSUMPTION    OF    REVERSING    MILLS, 

STEEL  &  TUBE  COMPANY  OF  AMERICA 

FOR   1920 

K.W.  Hours  Power 

Gross  Tons  per  Cost  per 

of  Ingots  or  Ton,  Main  Ton,  Main 

Kind  of  mill        Slabs  Rolled  Drive  Only  Drive  Only 

Blooming  mill   ..      444,510  16.2  17.8  censt 

Plate  mill    191,324  31.9  35.1  cents 

Average  coal  cost  per  ton  at  boiler  house  during  year 
=  $5.07.  ^ 

Gas  charged  for  at  coal  price  on  basis  of  equivalent  evap- 
oration. 

To  sum  up,  with  a  central  station  we  manufacture 
our  power  wholesale  and  through  a  very  cheap  dis- 
tributing system  we  deliver  it  to  the  consumer  as  re- 
quired. If  the  mill  does  not  require  power,  it  does  not 
have  any  losses  to  take  care  of.  It  is  very  much  the 
same  situation  as  exists  in  the  commercial  field.  If  we 
had  poor  distributing  facilities  for  our  commodities, 
it  would  be  necessary  to  have  a  great  many  plants 
scattered  over  the  country  to  take  care  of  local  de- 
mands, some  of  which  would  be  busy  and  some  idle 
with  a  consequent  low  average  efficiency.  As  it  is, 
we  build  a  few  plants  in  favorably  situated  localities 
and  ship  to  the  consuming  points  as  required.  We 
pay  freight  only  as  we  ship.  The  demand  of  one  lo- 
cality frequently  balances  a  lack  of  demand  from  an- 
other, so  that  our  plant  can  be  run  at  a  good  average 
load  and  efficiency. 

The  statement  is  sometimes  made  that  electric  drive 
is  more  expensive  than  a  steam  drive.  I  doubt  very 
much  if  this  is  really  so  when  a  true  comparison  is 
made  of  all  the  factors  that  must  be  taken  into  con- 
sideration, such  as  boiler  plants,  steam  distribution, 
water  distribution,  sewers  and  many  other  items  that 
affect  the  total  cost  of  the  plant.  Too  frequently,  in 
discussing  this  question,  comparisons  neglect  impor- 
tant items  which,  while  difficult  to  estimate,  must  be 
considered. 

The  rapid  extension  of  steel-making  and  finishing 
capacity  in  recent  years  would  indicate  that  in  the 
immediate  future  the  problem  will  be  not  so  much  ex- 
tensions, as  a  rehabilitation  of  the  older  plants  to  en- 
able them  to  operate  with  such  efficiency  as  to  be  com- 
petitive, and  this  will  require  careful  consideration  of 
electrification  as  a  means  to  this  end. 

Before  leaving  this  phase  of  the  subject,  it  is  per- 
haps well  to  point  out  that  the  necessity  of  generating 
electricity  for  auxiliary  purposes,  regarding  which  no 
one  questions  the  advantages,  requires  stations  of  sub- 
stantial output.  The  following  table  illustrates  this 
point  and  shows  the  power  used  for  main  drives  and 
for  auxiliary  purposes  at  the  Mark  Plant  during  the 
vear  1920.  It  will  be  seen  that  if  the  mills  were  driven 
by  engines,  a  large  proportion  of  the  total  power  would 
have  had  to  be  electrical  in  any  case. 

Main  Drive  Only,  .Auxiliary  Purposes, 
Mill                             K.W.  Hours  K.W.  Hours 

Blooming    mill    7.061.000  5.040,000 

Plate    mill    6.111.000  2,967.000 

Billet  mill   2,920,000  1,890,000 

Skelp  mill   7,700.000 

23,792.000  9,897,000 

Total  power  generated    53,428.000  K.W.  Hours 

Consumed,  main  drives    23,792,000  K.W,  Hours     441^% 

Consumed,    mill    au.xiliaries. .  ,  .   9,997,000  K.W.  Hours     1854% 
Consumed,  other  parts  of  Steel 

and  Coke   Plant 19,639,000  K.W,  Hours     37     % 
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Production. 

Leaving  the  general  characteristics  of  electrifica- 
tion I  will  endeavor  to  answer  some  of  the  more  im- 
portant questions  that  interest  the  executive  and  oper- 
ator. The  first  question  that  is  asked  regarding  any 
method  of  driving  our  mills  is  whether  it  will  enable 
us  to  get  the  desired  output  ?  This  is  not  only  a  ques- 
tion ot  the  amount  of  power  available  but  of  the  char- 
acteristics of  the  driving  unit  and  the  subject  must  be 
considered   in  relation  to  the  different  types  of  mills. 

Continuously  Running  Mills. 

In  the  case  of  a  mill  running  continuously  in  one 
direction,  there  are  practically  only  two  points  to  be 
considered.  The  first  is  the  power,  the  second  is  the 
speed  characteristic.  As  far  as  power  is  concerned, 
any  output  required  by  our  mills  presents  no  unsolved 
pioblcm  to  the  motor  designer.  \'ery  much  larger 
motors  than  any  individual  mill  is  likely  to  need  have 
already  been  built.  1  believe  the  highest  lating  of 
any  machine  driving  a  continuously  running  mill  is 
that  of  the  motor  driving  the  160  in.  plate  mill  at  Gary, 
Indiana.  This  motor  is  nominally  rated  at  7,000  hp, 
but  to  meet  the  particular  specifications,  it  actually 
has  a  continuous  capacity  of  about  9.000  hp.  In  opera- 
tion this  machine  very  frequently  carries  peak  loads 
up  to  about  18,000  to  20,000  hp.  '  The  largest  electric 
motor  that  has  been  built  to  date  has  a  continuous 
rating  of  22,500  hp  or  more  than  twice  the  capacity  of 
the  160  in.  plate  mill  motor  and  there  is  no  particular 
reason  why  larger  machines  could  not  be  constructed 
if  there  was  any  demand  for  them.  As  far  as  power 
is  concerned,  it  is  only  a  question  of  determining  how 
large  the  motor  should  be.  When  we  first  started  to 
electrify  mills,  very  little  data  was  available  that  would 
enable  us  to  determine  the  proper  characteristics. 
When  it  was  attempted  to  translate  indicator  cards 
from  existing  engines  into  terms  of  motor  output  it 
was  frequently  lost  sight  of  that  the  speed  character- 
istics of  engines  and  motors  are  very  different  and  the 
indicated  horsepower  readings  could  be  very  decep- 
tive, especially  if  the  inter-relation  of  engine  output. 
speed,  and  fly-wheel  action  were  not  carefully  analyzed. 
Consequently,  in  the  early  days  some  mistakes  were 
made,  although  on  the  whole  it  is  surprising  how  few. 
Information  that  could  be  gathered  from  mills  as  to 
production  was  frequently  fragmentary  and  it  was 
early  evident  that  if  satisfactory  results  were  to  be  ob- 
tained the  electrical  engineer  would  have  to  study  mill 
operation  and  conduct  such  tests  as  would  enable  him 
to  analyze  the  requirements.  A  great  deal  of  work 
was  necessary  to  enable  this  to  be  done,  but  real  prog- 
ress was  not  made  until  the  manufacturer  could  teil 
the  mill  man  that  he  could  supply  an  equipment  that 
would  roll  so  many  tons  of  finished  material  under  de- 
fined conditions.  This  was  something  that  was  per- 
fectly definite  and  subject  to  ready  tests.  It  involved 
not  only  motor  design  but  also  cooperation  between 
the  electrical  manufacturer  and  the  purchaser  on  the 
subject  of  the  type  of  connections  between  the  motor 
and  the  mill,  and  the  size  of  the  fly-wheel  and  its  loca- 
tion. Today,  there  are  so  many  installations  in  opera- 
tion and  so  much  accumulated  experience  that  the 
problem  is  comparatively  simple  and  it  is  mainly  a 
question  of  deciding  the  output  required,  keeping  in 
view  the  possibilities  of  electrc  drive  and  of  improve- 
ments of  mills  and  auxiliaries  which  enable  material 
to  be  handled  more  expeditously.  In  this  respect  it  i,-- 
fortunate  that  the  electric  motor  has  a  practically  con- 
stant high  efficiency  over  a  very  large  range  of  load, 


varying  usually  not  more  than  yi  to  1  per  cent  from 
one-half  to  full  load,  and  also  that  the  power  station  is 
so  flexible  that,  if  a  machine  is  too  large  for  the  im- 
mediate requirements,  the  net  effect  on  efficiency  is 
practically  negligible.  It  frequently  happens  that  it 
is  ditttcult  to  definitely  specify  operating  conditions 
or  that  conditions  will  change  after  the  mill  has  been 
installed  and  it  has  been  my  experience  that  it  is  wise 
to  be  liberal  in  choosing  the  size  of  motor,  as  the  only 
disadvantage  in  doing  so  is  a  slight  extra  outlay  which, 
in  relation  to  the  total  mill  cost,  is  trifling. 

Regarding  the  speed  characteristics,  the  ordinary 
motor  tends  to  run  at  a  practically  constant  speed  inde- 
pendently of  the  load.  Where  a  fly-wheel  is  used,  the 
object  is  to  assist  the  motor  in  carrying  short  time  peak 
loads.  For  instance,  in  the  case  of  a  plate  mill,  the 
early  passes  may  require  four  to  five  times  the  power 
of  the  motor  for  a  fraction  of  a  second.  It  can  be  ar- 
ranged very  readily  that  the  motor  will  take  a  certain 
proportion  and  the  fly-wheel  supply  the  remainder. 
When  the  passes  become  longer,  the  peaks  are  reduced 
and  the  motor  then  carries  a  greater  proportion  of  the 
load.  By  the  proper  inter-action  of  the  motor  and  the 
fly-wheel,  an  economical  balance  is  arrived  at.  The 
speed  characteristics  of  the  motor  are  usually  varied 
by  means  of  the  control  equipment  and  they  can  be 
readily  adjusted  to  suit  individual  operating  conditions. 
In  the  case  of  mills  where  the  passes  are  long,  the 
fly-wheels  are  of  less  value  and  it  is  frequently  desir- 
able that  the  speed  remain  practically  constant,  which 
is  the  inherent  characteristic  of  the  motor.  We  there- 
fore have  the  possibility  of  either  maintaining  the  speed 
constant  within  two  or  three  per  cent  or  of  regulating 
it  to  give  the  best  operating  results,  depending  on  the 
load  condition.  Sometimes  the  characteristic  of  con- 
stant speed  enables  us  to  obtain  greater  output  as 
compared  with  an  engine  which  usually  does  not  hold 
its  speed  so  well  under  heavy  load  ;  and  in  some  cases 
that  have  come  to  my  attention,  it  has  been  stated  that 
the  mills  have  an  output  of  5  to  10  per  cent  greater 
when  electrically  driven.  In  this  connection  it  should 
not  be  lost  sight  of  that  the  ordinary  mill  motor  can 
carry  double  load  for  short  periods  without  any  par- 
ticular sacrifice  of  efficienc}'  or  any  great  change  of 
speed.  Of  course  we  want  to  run  the  mill  as  fast  as  the 
metal  can  be  properly  rolled  and  frequently  the  speed 
at  which  the  metal  can  be  entered  into  the  rolls  is  the 
controlling  feature,  so  it  is  obvious  that  the  closer  we 
can  hold  the  average  operating  speed  to  this  maximum, 
the  greater  will  be  the  output. 

Reversing  Mills. 

There  has  been  more  discussion  regarding  the 
motor  driven  reversing  mill  in  comparison  with  the 
steam  engine  drive  than  of  any  other  type  and  this 
is  quite  natural,  as  the  motor  is  an  invader  in  the  field 
for  which  the  engine  seems  to  be  particularly  well 
adapted.  Quickness  of  maneuvering  and  ease  of  speed 
contro'.  is  of  the  utmost  importance  for  a  successful 
drive.  This  will  be  appreciated  when  it  is  rja'.izcd 
what  a  comparatively  small  percentage  of  the  time  the 
metal  is  in  the  rolls.  An  analysis  made  of  a  namber 
of  steam  and  motor  driven  mills  shows  that  in  the  case 
of  a  blooming  mill  operating  rapidly,  the  metal  is  in 
the  rolls  about  30  to  40  per  cent  of  the  total  tinif,  of 
rolling  and  from  60  to  70  per  cent  of  the  time  is  re- 
quired to  handle  the  steel.  A  casual  observation  of 
the  mill  does  not  reveal  this,  but  it  is  surprising  how 
closely  well  operated  mills  approximate  to  the  s^me 
figures.    Tliere  has  been  a  good  deal  of  discussion  le- 
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yarding  the  ability  of  the  motor  driven  mill  to  turn 
out  tonnage  and  if  an  analysis  is  not  made  of  the  oper 
ation,  one  can  be  readily  deceived  when  observing 
steam  and  motor  driven  mills  in  operation.  A  motor 
driven  mill  appears  to  maneuver  slowly  but  a  closer 
observation  shows  that  it  is  operated  in  a  different 
way  than  the  engine  driven  mill,  due  to  the  fact  that 
its  speed  can  be  more  accurately  controlled.  Obser- 
vation of  operation  frequently  leaves  the  impression 
that  the  motor  driven  mill  is  not  doing  much  work, 
due  to  the  absence  of  noise  or  other  indications  of 
action.  Actual  records,  however,  show  that  the  motor 
can  give  a  good  account  of  itself.  I  am  quoting  a  few 
figures  from  different  mills  which  indicate  the  out- 
put that  can  be  obtained  in  practice.  I  do  not  believe 
that  these  represent,  in  any  way,  the  limits  of  a  motor 
driven  mill,  as  development  is  still  taking  place  which 
enables  the  equipment  to  operate  quicker  and  more 
efficiently,  and  I  am  sure  that  very  much  higher  figures 
can  be  obtained  than  the  ones  I  am  quoting.  I  have 
not  attempted  to  collect  figures  from  all  electrically 
driven  reversing  mills  but  am  giving  a  few  that  have 
come  to  my  attention.  Possibly  engineers  from  other 
plants  that  have  electrically  driven  reversing  mills 
have  figures  better  than  those  I  am  quoting,  but,  at 
any  rate,  they  will  indicate  what  has  been  done. 

At  the  plant  of  the  Trumbull  Steel  Company,  War- 
ren, Ohio,  there  is  installed  a  36  in.  blooming  mill 
which  rolls  ingots  20  in.  x  22  in.,  weighing  6,700  pounds 
to  6^  in  X  6}i  in.  blooms  in  13  passes.  This  mill  has 
rolled  60  of  these  ingots  in  one  hour  and  the  operators 
feel  that  this  figure  can  be  improved. 

Perhaps  a  better  indication  of  the  speed  with  which 
a  motor  can  be  handled  is  given  by  the  machine  driving 
the  roughing  stand  of  the  84  in.  tandem  plate  mill  of 
the  Brier  Hill  Steel  Company.  The  following  figures 
show  a  12-hour  and  24-hour  record.  It  will  be  seen 
that  there  is  very  little  difference  between  the  12-hour 
and  24-hour  figures : 

ROLLING  RECORDS  OF  THE  84  IN.  TANDEM  PLATE 
M.ILL  OF  THE  BRIER  HILL  STEEL  CO. 

12  Hours  24  Hours 

Number  of  slabs 1.659  3,270 

Number  of  passes  in  roug-hing  mill 7 

Total  charged  weight,  tons 373  716 

Total   finished  weight,   tons 31S  518 

Maximum  number  of  slabs  for  one  hour..  220 
Finished  tons  of  10,    11,    12    and    14    gauge 

U.   S.  Standard 23  71 

Finished  tons  of  8  and  9  gauge 13  435 

Finished  tons  of  3/16  inch,  No.  10  gauge..  26  6 

Finished  tons  of  J^  inch  and  heavier 253  6 

It  will  be  seen  that  this  mill  averages,  over  a  12- 
hour  period,  about  16  passes  a  minute  or  less  than  4 
seconds  per  pass,  which  takes  in  all  delays  due  to  any 
cause.  This  mill  has  been  in  operation  since  Septem- 
ber, 1919,  and  the  performance  has  progressively  im- 
proved as  the  men  became  familiar  with  the  best 
methods  of  operation. 

A  third  illustration,  taken  at  our  own  plant,  is  that 
of  our  universal  plate  mill  which  has  rolls  30  in.  in 
diameter  and  can  roll  universal  plate  up  to  about  46  in. 
wide.  It  is  used  for  rolling  skelp  for  our  pipe  mills 
and  the  material  is,  on  an  average,  small  for  this  size 
of  mill.  During  the  month  of  March,  1920,  this  mill 
turned  out  23,014  gross  tons  of  material  and,  as  a 
matter  of  interest,  I  am  giving  details  of  how  this  was 
made  up,  from  which  it  will  be  seen  that  the  gauge 
was  fairly  light  and  the  width  not  the  best  to  secure 
maximum  tonnage. 


UNIVERSAL  PLATE  MILL  PRODUCTION, 
MARCH,   1920 

Sizes  RoIled^ 

Thick-  Product        Slab  Slab 

Width        ness.  Length         Gross  Sizes,  Weights 

Inches     Inches  Feet  Tons  Inches  Pounds' 

'-  -375  Various  12  11-3/4X4            Various 

'5  -250  18'-19'  1,598  15     x45^  1,480-1,240 

IJ  -360  18'-19'  72  15     x5K2  1,790-1,440 

18H  .310  18-19'  510  18.Kx5j4  2,270-1,905 

18^  .385  18'-19'  145  18^x6  2,480-1,990 

22  .290  19-20'  1,003  22'Ax5l4  2,650-2,220 

22  .437  18'6"-19'  25  22'4x5j4  2,630-1,975 

22}4  .255  19'-19'6"  174  22!4x5  2,320-1,940 

23H  .245  19'-20'  288  23^x4  J^  2,390-2,000 

23J4  .285  19'-20'  2,816  23^x5^  2,780-2,340 

23K  .345  19'-20'  4,149  23^4x5^1  2,820-2,270 

25  .465  18'6"-19'  25  25^x6  3,165-2,385 

28J4  .285  19'-20'  953  29'4x4>^  2,850-2,290 

28^4  .290  19'-20'  774  2914x4^  2,900-2,325 

28-M  .295  19'-19'6"  125  29'4x4i4  2,920-2,350 

28J/I  .320  19'-20'  3,302  29^x5  3,210-2,600 

28M  .330  19'-20'  1,038  29^x5  3,280-2,630 

28)4  .365  19'-20'  931  29!4x4^  2,925-2,210 

28!4  .437  9'-ll34"  27  28J4x5  3,110-2,660 

28!^  .585  18'-18'6"  132  29     xS'A  3,330-2,190 

22ii  -375  Various  74  33;4xS             Various 

35H  .290  19'-20'  872  SeVzxSVz  4,280-3,580 

35H  .320  19'-20'  1,056  Se'AxA'A  3,180-2,390 

35!^  -360  19'-20'  1,837  36'^x5>S  4,380-3,580 

35H  .365  19'-20'  319  36><x5K'  4,380-3,580 

35}^  -450  19'-20'  506  36K'x5H  4,500-3,430 

42^  -345  19'-20'  251  36x5-44^^  2,160 

Total  gross  tons  rolled 23,014 

Total  hours  worked 648 

Total  hours  delay 79 

Actual    hours   worked 569 

Total  slabs  rolled 21,100 

Good  product    94.00  Per  Cent. 

Maximum   day    1,101   Gross  Tons 

Minimum  day   732  Gross  Tons 

It  will  also  be  seen  that  the  delays  were  appreciable, 
which  was  due  to  the  necessity  of  waiting  for  steel 
at  times,  roll  changing,  and  minor  troubles.  We  do 
not  feel  that  this  represents  the  limit  of  capacity  of 
this  mill  and  if  necessary  it  could  probably  be  boosted 
up  to  close  to  30,000  tons  per  month  by  the  addition 
of  more  heating  furnace  capacity  and  perhaps  the  elim- 
ination of  some  of  the  sizes  which  are  entirely  too 
small  for  a  mill  of  this  size. 

These  examples  will  give  an  indication  of  what  is 
actually  being  done  with  the  reversing  mills  that  have 
already  been  installed.  It  has  been  my  experience  that 
factors  outside  of  type  of  drive  have  in  general  limited 
tonnage.  Much  greater  outputs  can  be  obtained  if 
necessary. 

Delays. 

It  we  are  satisfied  with  the  possibility  of  rolling  a 
desired  tonnage,  the  next  question  is  whether  the 
equipment  will  operate  continuously  or  at  least  with 
no  more  delay  than  encountered  with  steam  drive. 
Here  again  the  best  answer  is  experience  and  in  the 
following  I  am  quoting  figures  from  one  or  two  mills 
which  show  the  actual  results  obtained.  The  first  elec- 
trically driven  reversing  drive  to  be  installed  in  the 
United  States  was  that  of  the  30  in.  universal  plate 
mill  in  the  South  Chicago  Plant  of  the  Illinois  Steel 
Company,  which  was  put  in  operation  in  1907.  It 
was  designed  about  the  same  time  as  the  first  equip- 
ment in  Europe  and  went  into  operation  a  few  months 
later.  It  must  be  appreciated  that  the  electrical  engi- 
neer was  attempting  to  solve  an  entirely  new  problem 
with  very  little  data  and  no  experience,  and  later  de- 
velopments have  shown  that  many  of  its  constructional 
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details  could  be  materially  improved.  However,  the 
history  of  this  pioneer  installation  is  of  interest  as  it 
illustrates  that  even  with  an  entirely  new  problem  the 
time  lost  due  to  changes  or  breakdowns  has  not  been 
serious.  The  major  delays  of  this  mill  have  been  as 
follows : 

November  10,  1907 — Mill  shut  down  for  one  week  to 

correct  armature  cross  connections. 
October  14,   1908 — Mill  shut  down  to  try  out  spare 

generator  armature  which  had  been  purchased. 
September    12,   1909 — Change   of  generator  armature 

due  to  grounded  coils. 
October  24,  1909 — Generator  armature  changed  due  to 

some  bars  becoming  unsoldered. 

A  novel  design  of  generator  was  tried  out  in  this 
installation  which  has  not  been  used  in  subsequent 
jobs;  this  accounts  for  the  particular  troubles  that 
caused  the  above  delays.  In  1911  there  was  a  delay 
of  a  few  hours  caused  by  a  slight  short  circuit  on  the 
commutator  of  one  of  the  roll  motors  and  in  1913  the 
mill  was  down  for  approximately  72  hours  due  to  a 
grounded  motor  coil.  In  1917  the  generator  armature 
was  changed  on  account  of  a  ground.  The  total  of 
all  delays,  including  those  occurring  during  the  de- 
velopment period,  is  approximately  525  hours  out  of 
about  100,000  hours  that  this  mill  has  been  operating, 
which  I  think  is  very  creditable  when  it  is  borne  in 
mind  that  it  was  a  pioneer  installation  and  was  built 
at  the  time  when  the  electrical  engineer  had  not  had 
the  experience  in  building  large  equipments  for  steel 
mills  that  he  has  today.  It  might  be  mentioned  that 
in  1920,  after  this  mill  had  been  in  operation  13  years, 
no  delays  were  charged  against  the  drive,  although 
the  mill  rolled  in  this  year  20  per  cent  more  than  in 
any  other  year  in  the  first  ten  years  of  its  life. 

In  March,  1913,  The  Steel  Company  of  Canada  put 
in  operation  a  34  in.  electrically  driven  blooming  mill. 
This  equipment  embodied  a  number  of  important 
changes  from  the  general  design  used  for  the  Illinois 
Steel  Company's  mill  and  some  control  features  which 
at  that  time  were  novel.  A  few  days  were  lost,  when 
the  mill  was  first  started  up,  in  making  a  number  of 
changes  in  the  control.  No  particular  effort  was  made 
to  save  time,  as  at  that  period  the  output  of  the  mill 
was  not  urgently  required.  During  the  last  six  years 
the  total  delay  charged  by  the  blooming  mill  depart- 
ment against  this  equipment  has  been  about  12  hours 
and  a  detailed  analysis  of  these  figures  shows  that 
only  about  two  hours  have  been  due  to  delays  caused 
by  the  equipment  itself  being  down  for  any  reason. 
These  delays  were  made  up  of  a  few  minutes  at  a 
time  required  to  change  a  contact  on  a  switch  or  some 
such  minor  matter,  the  remainder  of  the  time  lose  was 
due  to  such  causes  as  interrupted  power  supply,  etc. 

Another  example  is  the  35  in.  blooming  mill  at 
Mark  Plant.  This  mill  was  put  in  operation  in  April, 
1918,  and  has  run  continuously  to  date.  The  total 
delay  charged  to  the  equipment  is  about  12  hours,  the 
major  part  of  this  being  due  to  interruption  of  power 
supply,  which  occurred  when  sand  got  into  the  boiler 
feed  pumps  and  made  it  necessary  to  cut  down  station 
output  until  the  difficulty  could  be  corrected.  Only 
a  small  part  of  the  delays  have  really  been  due  to  the 
inability  of  the  drive  to  operate  the  mill,  perhaps  not 
more  than  an  hour  or  so.  Such  times  that  the  mill 
has  had  to  be  shut  down  for  electrical  troubles  have 
been  made  up  of  periods  of  a  few  minutes  at  a  time 


for  correction  of  minor  difficulties  involving  adjustment 
of  control  equipment. 

The  examples  I  have  cited  I  think  are  typical  of 
what  can  be  expected  with  reasonable  operation  and 
if  accidents  do  not  occur.  Of  course  in  the  develop- 
ment of  such  equipments  troubles  have  occurred  which 
have  been  eliminated  in  later  designs.  Most  of  these 
troubles  have  been  of  a  minor  nature  and  the  tendency 
has  been  towards  simplification  and  so  arranging  the 
layout  that  an  oversight  or  carelessness  on  the  part  of 
the  attendants  would  not  cause  serious  difficulties. 
However,  accidents  will  happen  in  all  plants  and  as 
an  illustration  I  might  mention  some  troubles  we  had 
with  our  plate  mill  drive.  On  one  occasion  it  was 
found  that  the  blowing  equipment,  upon  which  the 
cooling  of  the  reversing  motor  depends,  was  not  oper- 
ating. This  was  not  discovered  until  the  motor  had 
become  very  hot,  so  hot  in  fact  that  the  solder  from 
some  of  the  connections  flowed.  In  later  equipments, 
by  simple  means,  provision  has  been  made  so  that  the 
motor  cannot  be  operated  if  the  blower  is  not  de- 
livering air  to  it.  Nothing  occurred  immediately  fol- 
lowing this  overheating,  but  about  a  year  later  one  of 
the  armature  coils  broke  down  and  an  examination  of 
the  machine  showed  that  the  insulation  had  been  seri- 
ously injured  by  overheating.  Temporary  repairs  were 
made  which  caused  a  delay  of  about  24  hours  but  a  few 
weeks  later  another  armature  coil  failed  and  it  was 
decided  that  it  would  be  wise  to  shut  the  mill  down 
long  enough  to  entirely  rewind  the  armature,  as  it 
was  felt  that  the  winding  had  been  so  injured  that 
more  or  less  trouble  could  be  expected  from  it,  if  this 
was  not  done.  The  motor  was  therefore  put  out  of 
service  and  the  armature  completely  rewound,  the  time 
required  for  the  different  operations  being  as  follows : 

Disconnecting  from  the  mill  and   removing  arma- 
ture  from   motor 12  hours 

Stripping  old  coils  and  preparation  for  rewinding.  ..  34  hours 

Rewinding   50  hours 

Reassembling  the   machine 16  hours 

Drying,  varnishing  and  baking  the  armature 96  hours 

Total 208  hours 

As  a  precautionary  measure  it  was  decided  not  to 
start  the  machine  until  it  had  been  thoroughly  dried 
out  and  we  were  sure  it  was  in  as  good  condition  as 
when  originally  installed.  Facilities  for  drying  and 
baking  the  armature,  such  as  manufacturers  have,  were 
not  available  and  it  was  necessary  to  experiment  some- 
what to  find  out  the  best  way  to  do  this.  At  least  60 
hours  could  be  saved,  if  such  a  mishap  occurred  again. 
If  a  spare  armature  had  been  available,  the  delay  would 
not  have  exceeded  24  hours.  This  represents  about  as 
serious  a  failure  as  is  likely  to  occur  and  I  am  giving 
its  history  so  that  some  idea  can  be  formed  of  what 
a  really  bad  breakdown  of  such  an  equipment  means  in 
the  way  of  delay. 

Operating  Labor. 

A  factor  in  which  our  operators  are  particularly  in- 
terested is  operating  labor.  Most  mills  feel  that  their 
larger  and  more  important  drives,  such  as  reveising 
mills,  should  have  an  attendant  present  to  watch  them, 
mainly  as  a  precautionary  measure.  In  the  case  of 
continuously  running  mills,  there  has  been  enough  ex- 
perience to  show  that  this  is  not  necessary  and  now 
it  is  customary  for  one  man  to  inspect  a  number  of 
machines  and  to  take  the  usual  meter  readings  for  the 
mill  records.  When  an  operator  is  employed  continu- 
ously to  look  after  a  drive,  the  usual  practice  is  to  put 
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substation  equipment  under  his  control,  as  it  is  gen- 
erally convenient  to  install  converting  apparatus  in 
proximity  to  the  main  drive.  These  men  have  very 
little  to  do  outside  of  occasionally  looking  over  the 
machines  and  taking  meter  readings.  The  actual  w^ork 
in  attending  to  a  reversing  blooming  mill  drive,  for 
instance,  I  do  not  believe  would  exceed  one  hour  per 
day.  At  the  Mark  Plant  the  blooming  mill  has  been 
charged,  for  the  years  1918,  1919,  19.^0  and  1921,  an 
average  of  $393.00  per  month.  In  the  case  of  the  re- 
versing mill  of  The  Steel  Company  of  Canada,  from 
1913  to  1919,  the  average  has  been  about  $250.00  per 
month.  The  difference  is  mainly  due  to  the  fact  that 
the  figures  for  the  former  cover  the  period  of  highest 
wages  in  the  mills. 

Maintenance  and  Repairs. 

Electrical  machinery  requires  maintenance  as  well 
as  any  other  equipment.  With  intelligent  electrical 
superintendents  most  of  the  expenditure  is  of  a  pre- 
cautionary nature  and  repairs  due  to  breakdowns  be- 
come a  very  small  item.  As  an  illustration  of  the 
maintenance  and  repairs  on  reversing  drives,  the  ex- 
perience of  The  Steel  and  Tube  Company  of  America 
can  be  cited.  For  the  four  years,  1918,  1919,  1920  and 
1921,  the  maintenance  and  repairs  for  the  reversing 
blooming  mill  drive  averaged  $184.00  per  year.  In 
the  case  of  the  reversing  plate  mill  drive  previously  re- 
ferred to,  the  ordinary  maintenance  and  repairs  have 
averaged  about  $173.00  per  year  and  the  expenses  in 
connection  with  the  failure  and  complete  rewinding 
of  the  armature  totaled  about  $6,530.00.  The  mainte- 
nance of  the  blooming  mill  of  The  Steel  Company  of 
Canada  has  averaged  since  it  was  installed,  for  all 
purposes,  about  $1,280.00  per  year.  This  higher  cost 
compared  with  that  at  the  Mark  Plant  is  due  mainly 
to  the  smaller  size  of  the  plant  and  a  part  of  the  differ- 
ence may  be  ascribed  to  improved  design  of  the  l-r.tcr 
equipment.  The  supplies  for  operating  these  two 
blooming  mills  have  averaged  in  each  plant  about 
$50.00  per  month.  These  figures  give  an  idea  of  vvhac 
can  be  expected  in  the  case  of  reversing  mills.  Ii  the 
case  of  continuously  running  mills,  the  expenditures 
vary  considerably,  some  mills  paying  practically  no 
attention  to  their  equipment  and  others  carefully  clean 
and  revarnish  their  machines  at  intervals.  In  going 
over  the  figures  of  plants  where  freedom  from  break- 
down is  characteristic,  it  would  seem  that  for  motors 
from  2,000  to  3,000  hp  we  should  spend  perhaps  $200.00 
to  $250.00  per  year  to  keep  them  in  condition.  The 
cost  will  vary  somewhat  with  the  number  of  equip- 
ments the  force  has  to  look  after,  as  with  a  larger 
plant  the  cost  per  machine  will  average  less  than  in 
a  smaller  mill.  Before  leaving  this  phase  of  the  sub- 
ject I  would  like  to  quote  a  statement  of  the  electrical 
engineer  of  the  Illinois  Steel  Company  regarding  the 
physical  condition  of  their  reversing  mill  which,  as 
previously  stated,  has  been  in  operation  since  1907. 
The  commutators  of  the  reversing  motors  show  about 
1/16  in.  wear  and  the  commutators  of  the  generators 
show  a  wear  of  about  1/16  in.  for  each  five  years  of 
service.  This  would  indicate  a  life  for  the  commutator 
of  the  motor  of  about  180  years  and  for  the  generator 
about  60  years.  The  windings  are  in  apparently  about 
as  good  a  condition  as  when  first  installed.  At  the  end 
of  10  years  some  wear  of  the  motor  generator  bearings 
was  noticeable  and  as  an  insurance,  spares  were  pur- 
chased, but  to  date  have  not  been  installed,  as  in  the 
last  five  years  there  has  been  no  appreciable  wear.  The 
original  motor  bearings  are  in  use  and  apparently  will 


last  indefinitely.  Another  example  illustrative  of  the 
long  life  of  electrical  equipment  when  given  good  care 
which  came  to  my  notice,  is  the  case  of  the  2,000  hp 
motors  driving  the  light  rail  mill  at  South  Chicago, 
Illinois.  These  machines  were  installed  in  1906  and 
after  about  14  years  of  service  the  Steel  Company 
thought  that  perhaps  it  would  be  a  good  precaution 
to  rewind  them.  A  careful  inspection  by  the  manu- 
facturer revealed  no  apparent  deterioration  and  the 
recommendation  was  not  to  disturb  them.  These  ex- 
periences indicate  what  can  be  expected  with  carefully 
operated  plants. 

In  the  foregoing  I  have  given  a  few  examples  that 
will  indicate  to  those  whose  duties  do  not  bring  them 
in  close  contact  with  electrical  equipment  what  can 
be  expected.  It  should  be  borne  in  mind  that  manu- 
facturers have  profited  by  their  accumulated  experience 
and  many  possible  sources  of  troubles  have  been  elim- 
inated in  recent  installations.  Another  factor  that  will 
tend  to  secure  even  better  results  in  the  future  is  that 
a  body  of  intelligent  electrical  engineers  and  attendants 
has  been  built  up  by  our  technical  and  trade  schools, 
as  well  as  by  the  principal  manufacturers,  from  which 
our  mills  can  draw  good  men.  The  electrician  of  the 
early  development  [Period  was  often  very  expert  in 
making  repairs  but  did  little  to  avoid  them.  Today 
men  are  available  who  have  been  trained  to  avoid 
troubles. 

Due  to  the  many  ways  in  which  power  problems  can 
be  solved  electrically  it  is  natural  that  frequently  a 
dift'erence  of  opinion  exists  as  to  the  best  way  to  handle 
particular  requirements.  In  many  of  the  cases,  either 
one  of  a  number  of  schemes  will  give  entire  satisfac- 
tion. In  other  cases,  perhaps  there  is  a  best  scheme, 
but  other  layouts  are  capable  of  satisfactory  operation 
although  not  inherently  as  good  as  the  best.  In  the 
following  I  am  endeavoring  to  make  what  seems  to 
me  to  be  a  fair  statement  as  to  the  present  state  of  the 
art,  which  might  perhaps  act  as  a  guide  to  those  hav- 
ing to  make  decisions  on  equipments  and  who  are  not 
familiar  with  engineering  details.  I  am  not  attempting 
to  give  the  reasons  for  these  statements  as  it  would 
lead  into  too  long  a  controversial  paper. 

Power  Equipment. 

In  building  a  modern  plant  we  have  the  choice,  in 
most  localities,  of  either  purchasing  power  from  a 
Public  Utilities  Company  or  of  building  our  own  power 
plant.  When  we  have  sources  of  heat  that  would  other- 
wise be  wasted,  this  is  usually  sufficient  reason  for 
building  our  own  plant.  Public  utilities,  however,  in 
many  cases  can  make  rates  and  give  assurance  of  con- 
tinuity of  supply  which  make  their  power  attractive. 

Any  modern  power  plant  would  only  be  built  with 
alternating  current  units,  as  direct  current  involves  too 
much  expense  for  the  distribution  of  large  powers  and 
has  limitations  from  a  generating  standpoint. 

In  general,  we  have  a  choice  of  two  pressures, 
2.200  volts  or  6,000  volts,  either  of  which  can  be  used 
directly  with  motors  for  main  drive.  Kxperience  has 
sliown  that  if  the  distribution  problems  are  not  too 
serious,  2,200  volts  should  be  chosen,  as  the  machines 
for  this  pressure  are  much  freer  from  insulation 
troubles  than  those  for  6,600  volts. 

There  are  two  frequencies  in  use  in  the  United 
States,  25-cycle  and  60-cycle.  In  the  early  days  of 
electrification,  when  it  was  thought  that  most  gener- 
ators in  the  mills  would  be  driven  by  gas  engines  and 
that  the  motors  would  be  directly  connected  to  the 
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rolls,  the  25-cycle  system  seemed  to  be  the  logical  one 
to  adopt.  At  that  time,  the  means  of  connecting  the 
higher  speed  motors  to  mills  were  not  very  satisfac- 
tory. Since  then  gearing  and  other  mechanical  fea- 
tures have  been  very  materially  improved,  so  that  the 
great  majority  of  mills  installed  today  use  moderate- 
speed  motors  geared  down  to  the  mill  speed.  The 
60-cycle  system  has  grown  rapidly  in  favor  during 
recent  years  and  for  main  roll  drive  with  proper  con- 
nections is  quite  as  satisfactory  as  the  25-cycIe  sys- 
tem. A  further  advantage  is  that  the  large  power  sys- 
tems, which  are  gradually  spreading  over  the  coun- 
try, are  practically  all  60-cycle  and  it  is  probable  that 
in  the  future  mills  will  find  it  profitable  and  desirable 
to  purchase  at  least  some  of  the  power  used.  The 
60-cycle  system  has  a  number  of  advantages  as  a 
greater  range  of  motor  speeds  is  obtainable  and  the 
machines  are  lighter  and  cheaper.  The  perfection  of 
60-cycle  converting  equipment,  which  was  not  avail- 
able a  few  years  ago,  has  materially  changed  the  situa- 
tion. The  type  of  prime  mover  has  an  influence  on 
the  frequency  adopted.  Practically  all  gas  engine 
driven  units  of  the  large  size  have  been  built  for  25 
cycles  and  there  are  some  difficulties  in  the  way  of 
building  60-cycle  units. 

The  choice  of  prime  mover  must  be  decided  greatly 
by  local  conditions.  In  the  early  days  the  tendency 
was  to  use  gas  engines.  The  tendency  today,  how- 
ever, is  to  use  steam  turbines  and,  as  previously  men- 
tioned, improvements  that  are  continually  being  made 
are  reducing  the  difference  in  fuel  economy  between 
the  two  types.  The  first  cost  is  an  important  item  and 
one  which  seriously  affects  real  economy. 

To  sum  up,  for  the  ordinary  sized  plant,  the  gen- 
eral practice  today  is  to  build  a  turbine  station,  gener- 
ating current  at  2,200  volts,  60  cycles,  which  is  dis- 
tributed direct  to  the  mills. 

Distribution. 

In  the  older  plants  most  of  the  distribution  is  over- 
head. This  is  somewhat  cheaper  in  first  cost  than  the 
other  alternative  of  placing  all  our  cables  underground, 
but  it  is  not  nearly  as  satisfactory.  The  best  system 
is  to  use  insulated  lead  covered  cables  laid  in  ducts  em- 
bedded in  conduit  which  run  to  the  different  consum- 
ing or  distributing  points.  A  great  many  of  these 
ducts  can  be  grouped  together  to  run  in  such  a  way 
as  not  to  interfere  with  any  of  the  other  parts  of  the 
plant.  This  leaves  our  yards  entirely  free  from  over- 
head obstructions.  The  use  of  overhead  lines  is  al- 
ways attended  with  danger,  not  only  to  life  but  also 
from  an  operating  standpoint,  as  frequently  the  lines 
are  damaged  or  torn  down  when  running  locomotive 
cranes  around  the  plants.  The  use  of  an  underground 
system  eliminates  all  danger  from  lightning  distur- 
bances. The  high  tension  underground  distribution 
system  at  Mark  Plant  has  not  had  a  single  failure  in 
five  years  of  operation. 

Substation  Equipment. 

We  have  the  choice  of  either  motor  generator  sets 
or  rotary  converters.  The  tendency  is  to  use  rotary 
converters,  as  they  are  lower  in  first  cost  and  much 
more  efficient.  Motor  generator  sets  give  us  the  pos- 
sibility of  using  substation  equipment  to  improve 
power  factor  and  in  some  cases  they  are  justified.  In 
a  new  electrification  scheme,  however,  with  proper 
design  rotary  converters  are  on  the  whole  entirely 
satisfactory.     It  would  seem  that  the  greater  loss  in 


the  motor  generator  set  is  an  expensive  way  of  im- 
proving power  factor. 

The  development  of  automatic  or  semi-automatic 
control  of  substation  equipment  materially  affects  the 
question  of  substation  layout  and  location.  It  is  now 
quite  feasible  to  control  all  our  substations  from  the 
power  house  and  the  equipment  is  such  that  the  only 
attention  required  is  that  which  can  be  given  by  the 
motor  inspector  employed  in  the  particular  depart- 
ment where  the  apparatus  is  installed.  This  so  reduces 
operating  expense  that  we  can  afford  to  have  more 
substations  and  save  on  our  distributing  copper.  The 
freedom  of  layout  gained  thereby  is  a  decided  ad- 
vantage. 

Drives  for  Reversing  Mills. 

There  is  only  one  practical  system  to  use.  It  re- 
quires a  fly-wheel  motor  generator  set  for  supplying 
power  to  a  direct  current  reversing  motor  connected 
to  the  rolls,  and  it  is  not  likely  that  this  scheme  will 
be  changed  by  future  developments.  Details  of  the 
machines  vary  somewhat  with  different  manufacturers 
and  it  is  only  necessary  to  point  out  that  very  substan- 
tial mechanical  construction  is  necessary  on  account 
of  the  shocks  to  which  the  machines  are  subjected. 
Reducing  the  cost  by  light  construction  is  not  justified. 
The  control  equipment  is  very  important  and  the  manu- 
facturers have  used  a  variety  of  schemes.  There  is 
more  than  one  way  of  solving  the  problem,  but  the 
final  result  should  be  that  skill  on  the  part  of  the 
operator  is  not  necessary.  It  should  be  possible  for 
the  operator  to  simply  throw  his  control  handle  from 
one  position  to  another  and  for  the  equipment  to  auto- 
matically perform  the  desired  result  immediately  in 
such  a  way  that  the  machines  are  not  distressed.  If 
the  machine  can  carry  a  certain  load  safely,  the  auto- 
matic controlling  equipment  should  be  so  arranged 
that  during  each  manipulation  the  machine  is  loaded 
to  its  safe  operating  capacity  but  no  higher.  The 
nearer  this  ideal  can  be  approached,  the  better  the  con- 
trol equipment.  The  control  equipment  should  also 
be  such  that  it  can  be  set  to  limit  the  load  on  the  power 
house  to  any  predetermined  figure  and  to  always  oper- 
ate at  this  point.  To  have  a  really  satisfactory  equip- 
ment it  is  necessary  to  closely  approach  this  ideal  and 
the  best  equipment  is  one  that  does  it  with  the  sim- 
plest apparatus.  Improvements  in  the  future  will 
probably  be  towards  making  the  machines  cheaper  due 
to  better  design,  but  the  main  development  will  be  to- 
wards simplifying  and  improving  the  control  equip- 
ment to  give  an  operation  approaching  the  ideal  as 
nearly  as  possible.  Reversing  mill  equipments  as  made 
by  the  two  principal  manufacturers,  have  proved  ade- 
quate and  reliable.  Provision  should  be  made  in  the 
layout  to  insure  that  the  machines  are  properly  ven- 
tilated at  all  times  and  a  failure  of  the  air  supply  should 
shut  down  the  equipment  before  it  can  be  injured. 
The  electrical  design  is  in  general  best  left  to  the 
manufacturer.  For  instance,  whether  single  or  double 
armature  motors  are  used  is  immaterial  unless  it  in- 
volves a  machine  of  more  than  usual  voltage.  When 
the  power  required  is  greater  than  can  be  supplied  by 
a  single  generator  fly-wheel  set,  the  tendency  is  to 
run  two  generators  in  series  on  one  motor.  If  this 
involves  using  a  total  armature  voltage  of  1,000  to 
1.500.  it  is  preferable  to  use  two  motors  and  connect 
all  the  machines  in  series  which,  if  they  are  arranged 
alternately,  generator  and  motor  will  limit  the  voltage 
at  any  point  to  that  of  one  generator  only. 
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Calumet  Steel  Company  Electrify  Mills 

Rotary  Converter  Adjustable  Speed  Sets  as  Applied  to  a  Rail 
Re-Rolling  Mill — Twelve  Stands  of  Rolls  Are  Now  Electrically 
Driven. 

By  L.  H.  HOOK  and  F.  R.   BURT 


THIS  paper  deals  with  the  electrification  of  the 
rolling  mills  of  the  Calumet  Steel  Company  at 
Chicago  Heights.  Installation  was  completed, 
and  the  equipment  put  into  operation  approximately 
a  year  ago.  The  mills  electrified  are  an  8  in.  five-stand 
mill,  and  a  14  in.  seven-stand  mill. 

The  8  in.  mill  was  formerly  driven  by  an  18  in.  x 
30  in.,  120  to  150  rpm,  simple  non-condensing  steam 
engine,  through  17  1  in.  ropes.  The  pulley  ratio  was 
108  in.  to  48  in.,  giving  a  mill  speed  of  270  to  337  rpm. 
A  14-ton,  11  ft.  diameter  fly-wheel  was  mounted  on 
the  engine  shaft.  This  mill  is  of  the  simple  merchant 
type,  and  is  used  for  rolling  small  orders  of  varied 
product  which  cannot  be  produced  economically  on  the 
14  in.  mill. 

The  14  in.  mill  was  designed  for  re-rolling  rails  into 
concrete  reinforcing  bar,  tubes  for  fence  posts  and 
bedsteads,  small  structural  shapes,  etc.  It  consists  of 
a  seven-stand  train,  split  into  two  drives.  Five  stands 
are  driven  from  one  end,  and  two  stands  with  two  ad- 
ditional stands  of  forming  rolls  from  the  other.  The 
forming  rolls  are  set  in  tandem  after  the  bull  head,  and 
are  driven  by  gears  from  the  main  shaft.  They  are 
used  for  shaping  tubes,  and  require  only  a  small  amount 
of  power. 

A  continuous  furnace  fired  with  powdered  coal 
heats  the  rails,  which  are  broken  into  convenient 
lengths  before  charging.  An  approach  table  with  con- 
tinuously running  rollers  leads  from  the  furnace  to 
the  slitter,  which  is  the  fifth  stand  in  on  the  five-stand 
drive.  The  first  pass,  which  is  taken  between  the 
middle  and  top  roll,  slits  off  the  flange,  which  is  then 
finished  into  tubing  or  small  structural  shapes  on  the 
two-stand  drive.  The  second  pass  on  the  slitters,  sepa- 
rates the  web  and  the  head,  which  are  both  finished  on 
the  five-stand  drive.  W'hen  finished,  the  bars  are  run 
out  on  separate  cooling  beds,  and  thence  to  the  shears, 
straighteners,  and  to  the  Shipping  Department. 

This  mill  was  formerly  driven  by  two  duplicate 
26  in.  X  48  in.,  80  to  95  rpm,  simple  non-condensing 
steam  engines,  by  means  of  16  lJ/2  in.  ropes.  The 
corresponding  mill  speeds  were  160  to  190  rpm. 

To  supply  the  mill  engines  with  steam,  it  was  neces- 
sary to  keep  in  service  one  600  hp,  and  four  250  hp 
boilers,  and  the  cost  of  attendance  for  the  five  boilers 
and  three  engines  was  necessarily  large.  At  the  time 
this  mill  was  built,  much  lighter  steel  was  used  by  the 
railroads  than  at  present,  and  although  the  engines 
were  large  enough  at  that  time,  they  were  found  want- 
ing when  90  and  100  lb.  rails  began  to  appear  as  scrap, 


and  also  as  the  tonnage  produced  increased  through 
more  efficient  methods.  On  the  heavier  schedules,  the 
engines  all  slowed  down  considerably  under  load,  and 
it  was  impossible  to  handle  all  the  tonnage  which  the 
mills  themselves  would  have  been  capable  of  turning 
out  had  they  been  supplied  with  sufficient  power. 

In  electrifying  the  8  in.  mill,  it  was  decided  from 
past  experience  with  the  steam  drive,  that  adjustable 
speed  was  not  required,  and  a  constant  speed,  292  rpm 
motor  of  500  hp  capacity  was  installed,  direct  con- 
nected to  the  mill  through  a  flexible  coupling.  The  con- 
trol for  this  motor  is  of  the  magnetic  secondary  type, 
with  a  hand  operated  double  throw  primary  circuit 
breaker.    This  breaker  is  operated  from  a  panel  located 


*Paper  presented  before  Chicago  Section  of  the  .Associa- 
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facturing Company. 


Fig.   1 — 14-in.  mill  motor  room,  showing  1,000-hp.  adjustable 
speed  set  and  control. 

near  the  mill,  and  the  drive  is  started  and  stopped,  or 
jilugged  when  necessary  by  the  roller  or  other  author- 
ized mill  man. 

With  the  electric  drive,  the  tonnage  on  this  mil! 
has  been  markedly  increased,  having  been  almost 
doubled  on  certain  schedules.  In  384  hours'  operation, 
delays  of  71  minutes  have  been  charged  to  the  electrical 
equipment.  This  is  .3  of  one  per  cent,  based  on  the 
operating  time.  The  first  few  weeks  of  operation  are 
always  the  most  trying  for  an  electric  drive.  After 
the  equipment  has  been  in  operation  for  some  time, 
the  various  parts  adjust  themselves  to  each  other,  the 
bearings  get  worn  in,  the  operators  get  acquainted  with 
the  machinery  and  learn  how  to  handle  it  to  the  best 
advantage.  It  has  been  found  on  correctly  applied 
electric  drives  that  although  the  delays  may  be  appre- 
ciable during  this  period,  they  become  negligible 
later  on. 

The  steam  engines  on  the  14  in.  mill  were  replaced 
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by  two  duplicate  1,000  hp  rotary  converter  adjustable 
speed  sets  of  the  constant  horsepower  type.  It  was 
thought  advisable  to  have  more  sj)eed  adjustment  than 
could  be  obtained  from  the  steam  drive,  and  accord- 
ingly these  sets  were  designed  for  speeds  of  450  to 
590  rpm.  Each  is  connected  to  the  mill  tiirough  a 
Hexible  coupling  and  a  herringbone  gear  unit,  specially 
designed  with  a  short  center  distance  between  gear  and 
pinion  shafts.  The  reduction  is  3.1 — 1  giving  a  mill 
speed  of  145  to  190  rpm. 

Each   of   these   electric    drives   consists   of   a    main 
wound  rotor  induction  motor,  a  smaller  direct  current 


T- 


Fig.  2 — Charts  showing  time  required  to  change  speed. 

motor  direct  connected  to  it,  and  a  rotary  converter. 

In  any  scheme  for  securing  adjustable  speed  on 
induction  motors,  one  of  the  auxiliary  machines  must 
be  mounted  on  the  same  shaft  if  the  advantages  of 
constant  horsepower  throughout  the  speed  range  are 
to  be  obtained.  An  induction  motor  in  itself  is  essen- 
tially a  constant  torque  machine — that  is,  with  a  given 
current  in  the  windings,  the  same  torque  will  be  ex- 
erted at  all  times,  regardless  of  the  speed.  An  induc- 
tion motor  e.xerts  torque  by  virtue  of  the  interaction 
of  the  current  in  the  secondary  and  the  flux  set  up  by 
the  primary.  To  circulate  current  in  the  secondary, 
there  must  be  a  voltage  generated,  and  this  voltage  is 
produced  by  a  difference  in  speed  between  the  rotating 
field  in  the  primary  and  the  mechanical  rotation  of  the 
conductors  of  the  rotor.  The  voltage  generated  is 
directly  proportional  to  this  difference  in  speed  or 
"slip."  If  it  were  possible  to  operate  an  induction 
motor  at  exactly  synchronous  speed,  there  would  be 
no  voltage  in  the  secondary,  consequently  no  current 
could  flow,  and  the  motor  would  produce  no  torque. 


If  a  load  were  thrown  on  this  motor,  it  would  not  be 
able  to  carry  it,  and  would  immediately  start  to  slow 
down.  This  slowing  down  would  cause  a  difference 
in  relative  speed  of  flux  and  conductors,  which  would 
generate  a  voltage  in  the  secondary.  This  voltage 
would  circulate  current,  and  the  motor  would  imme- 
diately begin  to  exert  torque.  At  some  certain  point 
during  this  slowing  down  process,  a  point  is  reached 
where  the  torque  exerted  by  the  motor  is  just  enough 
to  carry  the  load,  and  the  motor  operates  at  this  speed 
until  the  load  is  again  changed.  The  design  of  a  good 
rolling  mill  motor,  with  short-circuited  secondary,  is 
such  that  a  drop  in  .speed  of  approximately  Ij/^  or  2 
per  cent  is  sufficient  to  allow  it  to  carry  full  load 
torque. 

If  a  voltage  is  introduced  into  the  secondary  circuit 
which  opposes  the  voltage  generated  by  the  slip,  the 
motor  must  slow  down  to  a  point  where  the  latter  pre- 
dominates by  an  amount  sufficient  to  allow  the  motor 
to  carry  the  load.  For  instance,  if  the  locked  second- 
ary voltage  of  a  motor  is  1,000,  and  it  drops  2  per  cent 
in  speed  at  full  load,  it  indicates  that  20  volts  are  re- 
quired in  the  secondary  to  allow  full  load  current  to 
circulate.  If  now  a  counter  voltage  of  180  volts  is  im- 
pressed, the  motor  must  generate  200  volts,  or  must 
drop  20  per  cent  in  speed.  The  result  is  the  same 
whether  this  counter-voltage  is  obtained  from  an  ex- 
ternal source,  or  whether  it  is  due  to  resistance  in  the 
circuit.  A  resistance  drop  may  be  considered  as  a 
coimter-voltage,  since  it  absorbs  a  portion  of  the  gen- 
erated voltage.  Any  desired  speed  from  full  speed 
down  to  stand-still  can  be  obtained  by  inserting  the 
proper  amount  of  resistance  in  the  rotor  circuit,  but 
this  speed  with  a  given  amount  of  resistance  can  be 
obtained  only  at  one  value  of  load,  since  at  any  other 
load,  the  rotor  current,  and  therefore,  the  counter- 
voltage  of  IR  drop  are  different.  In  other  words,  re- 
sistance in  the  secondary  circuit  simply  exaggerates 
the  natural  speed  characteristic  of  the  motor,  which 
varies  from  full  load  speed  to  synchronous  speed,  de- 
pending on  the  load.  Since  the  induction  motor  de- 
livers the  same  torque  with  a  given  rotor  current,  in- 
dependent of  the  speed,  it  follows  that  the  horsepower 
is  directly  proportional  to  the  speed.  The  horsepower 
input  from  the  line  is  constant,  and  the  difference  be- 
tween the  input  and  output,  except  for  the  internal 
losses  in  the  motor,  appears  at  the  rotor  slip  rings.  If 
the  speed  reduction  is  secured  by  means  of  secondary 
resistance,  this  energy  is  dissipated  in  the  form  of  heat 
and  is  lost. 

In  order  to  obtain  definite  speeds  which  will  not 
\ary  under  changes  of  load,  it  is  necessary  to  keep  the 
counter-voltage  constant  by  taking  it  from  an  external 
source,  and  this  voltage  must  at  all  times  be  the  same 
in  frequency  and  phase  position  as  that  generated  by 
the  rotor,  if  the  system  is  to  be  operative. 

Hence,  there  are  three  prime  requisites  for  a  suc- 
cessful and  economical  alternating  current,  adjustable 
speed  equipment : 

(a)     An    easily    ccmtrolled    voltage    must    be    im- 
pressed on  the  rotor. 
(1))     This  voltage  must  be  of  the  proper  frequency 

and  phase  displacement, 
(c)     The  energy  in  the  secondary  due  to  the  slip 

must  be  conserved. 
All  ac  adjustable  speed  sets  are  designed  with  these 
three  objects  in  view,  although  they  may  differ  in  the 
type  of  auxiliary  machines  used,  and  in  the  use  made 
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of  the  slip  energy.  There  are  two  main  classes  of  sets. 
One  delivers  constant  torque  throughout  the  speed 
range,  and  the  other  delivers  constant  horsepower. 
An  equipment  of  the  former  class  feeds  the  slip  energy 
back  into  the  line,  simply  circulating  this  amount  of 
power  through  the  machines.  Equipment  of  the  con- 
stant horsepower  type  delivers  the  slip  energy  back 
to  the  shaft,  increasing  the  torque  in  proportion  to  the 
speed  reduction.  The  machines  at  the  Calumet  Steel 
plant  are  of  the  latter  type. 

On  each  set,   the   main    1,000  hp   induction   motor 

450 
delivers  X   1.000  or  763  horsepower  at  the  low 

590 

speed.    The  input  at  all  speeds  corresponds  to  1,000  hp 

output.    The  difference  between  the  input  and  output, 

in  this  case  237  hp,  appears  at  the  slip  rings,  and  is 

transferred  through  the  rotary  converter,  where  it  is 

converted  to  direct  current  and  impressed  on  the  direct 

current  motor.     The  direct  current  motor  changes  it 

to    mechanical    energy,    increasing   the   torque    on    the 

shaft  and  bringing  the   total   output   up   to    1,000  hp. 

On   this  mill,  small   rails  designated  as  4  in.  or  less, 
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Fig.  3 — Power  required  on  five  stand  drive. 

are  rolled  at  the  high  speed,  while  the  slow  speed  is 
used  for  the  largest  rails.  Rolling  from  5  and  5j4  mch 
rails  requires  considerably  more  power  than  reducmg 
the  smaller  sizes,  hence  the  constant  horsepower  drive 
fits  in  admirably  on  this  type  of  mill. 

The  starting  and  speed  adjustment  of  these  drives, 
are  accomplished  from  the  master  switch,  and  a  rheo- 
stat control  switch.  With  the  master  switch  in  the 
"ofT"  position  the  primary  and  secondary  circuits  of 
the  main   motor,   the  direct   current    circuit    between 


rotary  and  direct  current  motor,  and  the  field  circuit 
leading  to   the   rotary  and   direct   current   motor,   are 
open.     Moving  the  master  switch  to  the  first  position 
closes  the  contactors  which  connect  the  secondary  of 
the  main  motor  to  the  starting  resistance,  provided  the 
direct  current  motor  field  rheostat  is  in  the  "off"  posi- 
tion, and  the  speed  limit  device  on  the  rotary  converter 
is  set.     The  second  point  on  the  master  switch  closes 
the  primary  contactor,  which,  in  turn,  releases  the  first 
accelerating  relay  in  the  secondary  circuit.    The  motor 
now  comes  up  to  speed,  the  secondary  contactors  which 
short-circuit  the   resistance  being  controlled   by   cur- 
rent limit  relays,  so  that  the  current  is  maintained  be- 
tween predetermined  limits  during  acceleration.     The 
operation  at  this  point  is  that  of  an  induction  motor 
with    short-circuited    collector   rings,    and   if   it   is    de- 
sired at  the  high  speed,  the  master  switch  is  left  on 
the  second  point.     The  rotary  is  connected  to  neither 
of  the  other  machines,  and  the  field  circuits  are  open. 
If  it  is  desired  to  operate  at  reduced  speed,  the  master 
is  moved  to  the  fourth  point.     The  third  point  closes 
the   field   circuit   to   the   direct   current   motor,   whose 
rheostat  is  in  the  "ofif"  position,  and  to  the  rotary  con- 
verter whose  rheostat  is  set  for  normal  field  current. 
The  fourth  point  disconnects  the  secondary  circuitof 
the  main  induction  motor  from  the  resistance,  which 
is  now  short-circuited,  and  connects  it  to  the  slip  rings 
of  the  rotarv  converter.    The  regulating  circuit  is  now 
completed,  but  since  there  is  no  counter-voltage  being 
generated,  the  only  efifect  on  the  speed  is  that  of  the 
very  small   resistance   introduced   in   the   rotor  circuit 
by  the  other  machines.     The  main  induction  motor  is 
rotating  at  nearlv  svnchronous  speed,  and  therefore,  is 
generating  practically  no  secondary  voltage.     The  di- 
rect current  motor,  although  running  at  full  speed,  has 
its  field  unexcited,  and  therefore,  is  delivering  only  a 
very  small  voltage,  depending  on  its  residual  rnarnet- 
ism.     The  rotarv  converter,  although  its  field  is  fully 
excited,   has  very  little   voltaee   across   its   termmals. 
and   therefore,  is  at  a   stand-still,  or  verv  nearlv   so. 
However,  if  a  field  is  now  put  on   the  direct  current 
motor  by  moving  the  control   switch  which  operates 
the  motor-operated  field  rheo-itat.  a  voltaee  is  gener- 
nted  which  is  impressed  on  thp  rotarv  converter,  ^nd 
through  it  on  the  secondary  of  th^  main  motor.     The 
machines  are  so  connected   th?t  thi<=  voltnee  opposes 
that  of  the  rotor,  which  must  slow  down  and  increase 
its  slip  voltage.    When  the  latter  becomes  enoueh  more 
than  the  impressed  voltage  to  allow  a  current  corre- 
sponding to  the  torque  to  flow,  a  point  of  eouilihrium 
is  reached,  and  the  set  operates  continuously  at  this 
speed,  with  small  variations  under  load,  until  the  set- 
ting is  aeain   changed.     Any   speed   within   the   ran^e 
can'^be  obtained  bv  manipulatinsr  the  rheostat  control 
switch.     If  in  case  of  emergency,  it  is  desired^  to  stop 
quickly,    the    master    switch    and    control    switch    are 
broug-ht  to  the  "oflf"  position  and   the  master  moved 
to  "reverse."     This  impresses  full  voltage  on  the  pri- 
mary in   the  reverse   direction   and  brings   the  motor 
quickly  to  rest. 

A  pulpit  over  one  end  of  the  mill  contains  the 
master  switches  and  speed  control  switches  for  both 
sets,  and  also  an  operator's  panel.  On  this  panel  there 
are  mounted  indicating  wattmeters  showing  the  input 
to  both  drives,  and  a  voltmeter  and  ammeter  in  each 
direct  current  circuit.  A  system  of  signal  lights  indi- 
cates to  the  operator  the  position  of  the  main  incoming 
line  circuit  breaker  for  the  plant,  the  hand  operated 
circuit  breaker  for  each  set.  and  the  electrically  oper- 
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ated  primary  reversing  contactors,  all  of  which  are  lo- 
cated in  the  sub-station,  and  also  of  the  principal  con- 
tactors in  the  secondary  circuit,  which  are  located  in 
the  motor  rooms.  This  control  apparatus  could  have 
been  mounted  on  the  mill  floor  and  operated  by  the 
roller,  but  it  was  considered  that  the  time  saved  by 
having  an  operator  on  the  job  who  had  no  other  re- 
sponsibilities would  more  than  pay  his  wages. 

The  rapidity  with  which  the  speed  of  these  sets  can 
be  changed,  and  their  stability  under  such  conditions 
are  shown  in  Fig.  2.  The  upper  chart  is  kilowatts  in- 
put and  the  lower  is  revolutions  per  minute.  The  zig- 
zag line  on  the  upper  margin  of  the  lower  chart  repre- 
sents time  in  seconds.  In  taking  these  readings,  the 
field  rheostat  was  turned  by  hand  as  rapidly  as  pos- 
sible from  one  maximum  position  to  the  other.  It  will 
be  observed  that  the  speed  was  increased  from  mini- 
mum to  maximum  in  6  seconds  with  an  input  of  480 
kilowatts,  and  that  it  was  decreased  from  maximum 
to  minimum  in  4.3  seconds.  The  regenerative  power 
during  this  operation  is  not  indicated,  as  the  pointer 
was  against  the  stop  on  the  meter.  When  these  sets 
were  put  into  operation,  the  three-point  rheostats  in 
the  direct  current  motor  fields  were  improperly  con- 
nected, due  to  an  error  in  the  wiring  diagram.  This 
caused  a  section  of  resistance  in  one  of  the  rheostats 
to  burn  out  during  the  try-out  while  steel  was  in  the 
mill.  The  operator,  observing  that  the  mill  had  come 
up  to  high  speed,  moved  his  speed  control  lever  back 
and  forth  several  times.  Each  time  the  rheostat  arm 
moved  across  the  open  spot,  full  field  was  alternately 
put  on  and  taken  off  the  motor.  Notwithstanding  the 
fact  that  the  set  was  loaded,  it  responded  to  these  al- 
most instantaneous  changes  of  conditions  with  no  signs 
of  distress  or  instability. 

Power  for  operating  these  drives  is  supplied  by  the 
local  power  company,  the  Public  Service  Company  of 
Northern  Illinois.  It  is  brought  into  the  substation 
on  the  property  at  4,000  volts,  which  is  the  voltage  used 
on  the  motors.  In  the  substation  are  the  main  in- 
coming line  circuit  breaker,  the  feeder  breakers  for  the 
three  mills,  the  "forward"  and  "reverse"  primary  con- 
tactors for  the  14  in.  mill  drives,  switching  and  trans- 
forming apparatus  for  the  low  voltage  mill  circuit,  and 
a  small  exciter  set,  which  supplies  dc  excitation  for  the 
sets. 

The  first  chart  on  Fig.  3  shows  the  kilowatts  input 
to  the  five-stand  drive  when  rolling  the  head  of  a  5  in. 
rail  to  a  1  in.  round,  and  the  web  to  a  1  in.  x  1  in.  x 
J^  in.  angle.  One  piece  alone  was  run  through  the 
mill,  and  the  power  required  for  each  pass  recorded. 
The  second  chart  was  taken  during  normal  rolling  on 
the  above  sizes.  It  illustrates  the  building  up  of  peaks 
by  overlapping  passes  with  several  pieces  in  the  mill. 
The  maximum  swing  shown  is  1,000  kw,  whereas  the 
maximum  taken  by  a  single  pass  is  560  kw.  The  third 
chart  indicates  revolutions  per  minute,  and  illustrates 
the  very  small  drop  in  speed  of  this  set  under  load. 

Figure  4  shows  the  same  readings  taken  on  the 
two-stand  drive  when  rolling  the  flange  to  2  in.  x 
\yi  in  X  ys  in.  angles.  The  maximum  peak  under 
normal  rolling  is  again  1,000  kw  and  the  maximum 
individual  pass  640  kw.  Unfortunately,  one  of  the 
heavier  schedules  was  not  being  rolled  at  the  time 
these  graphic  meters  were  connected  in  the  circuit. 
During  the  hardest  rolling,  it  is  not  unusual  for  the 
indicating  wattmeter  pointers  to  go  oiif  the  scale  at 
J, 600  kw,  which  is  about  80  per  cent  overload. 


In  2,700  hours  operation  on  the  two  14  in.  mill 
drives,  delays  due  to  the  electrical  equipment  have 
been  5  hours  and  52  minutes,  or  .2  of  one  per  cent. 
This  delay  time  includes  one  or  two  occasions  when 
the  power  was  temporarily  interrupted.  Readings 
taken  over  a  period  of  eight  hours  indicate  that  to  roll 
5  in.  rails,  the  head  being  reduced  to  l^^  in.  x  1}^  in. 
X  li.  in.  "T"  section,  the  web  to  1  in.  x  1  in.  x   l^  in. 


Fig.  4 — Power  required  on  two  stand  drive. 

angle,  and  the  flange  to  Ij^  in.  x  lyi  in.  x  j/j^  in.  angle, 
requires  li  gross  kilowatt  hours,  per  finished  ton,  and 
to  roll  the  same  rail  into  J4  in.  rounds,  1  in.  x  1  in.  x 
■/g  in.  angle  and  1^4  in-  x  lj4  if-  x  y%  in.  angle,  requires 
61  kilowatt  hours  per  ton.  It  is  of  interest  to  note  that 
the  total  power  consumption  since  electrification  has 
been  88.5  kilowatt  hours  per  finished  ton  of  product. 
This  includes  all  the  electric  power  used  in  the  plant. 

Maintenance  and  repairs  on  these  drives  during  the 
year  have  amounted  to  $65.19,  of  which  amount  $60.00 
was  labor.  This  does  not  include  the  oil  used  in 
routine  oiling  of  motors,  but  does  include  some  used 
in  switches. 

The  increase  in  tonnage  with  electric  drive  has  been 
estimated  at  10  per  cent  due  to  better  maintenance  of 
speed  and  greater  ease  of  handling  the  drives.  This 
is  felt  to  be  a  very  conservative  figure.  It  has  also  been 
found  that  the  roll  breakage  is  less  since  electrifying. 
Since  the  heating  furnace  was  changed  over  to  pow- 
dered coal  at  about  the  same  time,  and  more  even  heat- 
ing is  now  being  obtained,  it  is  probable  that  this  de- 
crease in  breakage  is  not  entirely  due  to  the  drive,  but 
the  more  even  torques  and  higher  finishing  tempera- 
tures due  to  better  speed  maintenance  undoubtedly 
have  their  effect. 
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The  Effect  of  Oxidizing  Gases  at  Low 
Pressure  on  Heated  Iron 

The  Principal  Agent  in  the  Production  of  the  Characteristic 
Facets  of  Oxide  Is  the  Mixture  of  Gases  Evolved  by  the  Copper 
on  Heating. 

By  H.  C.  H.  CARPENTER  and  MISS  C.  F.  ELAM* 


THE  experiments  to  be  described  in  this  paper 
originated  in  the  following  way:  The  authors 
were  experimenting  with  the  vacuum  etching  of 
copper  which  was  heated  in  a  silica  tube,  at  tempera- 
tures in  the  neighborhood  of  1,000  deg.  C.  The  metal 
evolved  a  considerable  volume  of  gas  which,  if  allowed 
to  remain  in  the  tube,  caused  it  to  blister.  If,  however, 
the  gas  were  pumped  ofY  as  soon  as  it  was  evolved  and 
the  vacuum  maintained,  the  copper  remained  bright 
and  quite  free  from  oxidation.  Under  these  conditions 
the  structure  of  the  copper  grains  was  rendered  mani- 
fest by  what  may  be  termed  a  heat  etch.  It  so  hap- 
pened that  on  one  occasion  Armco  iron  was  placed  in 
the  tube  with  the  copper,  although  not  in  contact  with 
it.  The  tube  was  then  evacuated  and  heated  to  about 
1,000  deg.  C.  The  gas  evolved  from  the  two  metals 
was  not  pumped  oflf,  but  allowed  to  accumulate  in  the 
tube.  At  the  conclusion  of  the  experiment,  when  the 
metals  were  withdrawn  from  the  tube,  it  was  found 
that  each  of  them  had  altered  considerably  in  appear- 
ance. On  the  one  hand,  the  copper  was  found  to  have 
become  coated  with  a  layer  of  blue  cuprous  oxide, 
which  in  some  places  covered  the  metal  completely, 
whereas  in  others  it  took  the  form  of  six-pointed  stars 
deposited  on  the  metal.  On  the  other  hand,  the  iron 
was  distinctly  lustrous,  if  rather  dark,  and  appeared 
to  be  very  deeply  etched.  Both  specimens  had  been 
originally  polished  and  sufficiently  etched  to  show  the 
outline  of  the  crystal  grains. 

An  experiment  was  then  made  by  heating  the  iron 
itself  in  the  absence  of  copper,  and  tests  were  made 
with  Armco  iron,  electrolytic  iron,  and  Swedish  iron. 
In  each  case  a  considerable  volume  of  gas  was  evolved, 
but  no  etching  effects  were  produced  and  the  iron  ap- 
peared to  be  slightly  oxidized.  The  characteristic 
etching  effect  observed  in  the  previous  experiment 
therefore  was  evidently  due  to  something  evolved  from 
the  copper. 

A  series  of  experiments  was  then  instituted  to  study 
the  progress  and  characteristic  features  of  the  etch 
produced  on  the  iron  when  heated  with  copper.  In  all 
these  cases  the  metals  were  separated  from  one  another 
in  the  tube.  The  structure  of  the  iron  as  revealed  un- 
der the  microscope  was  found  to  depend  both  on  the 
period  of  heating  and  the  temperature.  After  short 
periods,  such,  for  instance,  as  half  an  hour,  at  1,000 
deg.  C,  the  surface  was  found  to  be  covered  with  small, 
somewhat  irregular  facets,  whose  orientation  was  con- 
stant on  any  one  crystal  but  differed  as  a  rule  on 
passing  from  one  crystal  to  another.     Fig.  1,  Plate  I, 

♦Paper  presented  before  British  Tron  and  Steel  Institute 
Annual  Meeting,  May,  1922. 


shows  the  structure  at  300  diameters  of  the  surface  of 
the  copper.  This  is  hardly  etched  at  all,  although  evi- 
dences of  twin  crystals  are  manifest.  In  the  center 
is  a  blue  star  of  cuprous  oxide  of  very  characteristic 
appearance,  and  deposits  of  this  constituent  are  also 
visible  in  other  parts  of  the  field  shown.  Fig.  2  shows 
at  300  diameters  the  appearance  of  the  surface  of  the 
iron  after  the  above  treatment.  Portions  of  three 
grains  are  visible.     On  each  of  them  will  he  observed 
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characteristic  facets  which  are  constant  in  direction  on 
any  given  crystal,  but  vary  from  one  crystal  to  an- 
other. There  are  also  decided  differences  of  level  be- 
tween the  tops  of  the  facets  of  the  adjacent  crystals. 
Steeply  sloping  surfaces  connect  one  grain  with  an- 
other, and  these  slope  to  different  extents.  Between 
one  crystal  and  another  the  etching  is  so  deep  as  to 
produce  what  may  be  called  a  valley. 

The  differences  of  level  on  passing  froin  one  grain 
to  another  became  still  more  marked  as  the  heating  was 
carried  further.  The  individual  facets  then  became 
larger  and  more  regular,  but  the  surface  was  rendered 
more  uneven.    Fig.  3  shows  at  600  diameters  the  struc- 
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ture  of  Armci)  iron  after  the  more  prolonged  etching. 
Regular  hrick-like  facets  are  visible  in  the  center  of 
the  field.  The  dark  area  bounding  these  on  tlje  right 
is  a  sloping  boundary,  while  the  facets  beyond  are  out 
of  focus  owing  to  the  difference  of  level.  Fig.  4  rep- 
resents at  300  diameters  the  structure  of  two  adjacent 
grains  of  electrolytic  iron  which  are  much  larger  than 
those  of  Armco  iron,  and  are  both  approximately  in 
focus.  The  facets  in  the  upper  half  of  the  field  strongly 
suggest  an  orientation  parallel  to  the  cube  face,  where- 
as those  in  the  lower  half  represent  a  section  of  a  crys- 
tal cut  obliquely.  Not  only  were  the  crystals  of  elec- 
trolytic iron  larger  than  those  of  the  Armco  iron,  but 
also  the  facets  themselves. 

On  heating  for  a  longer  period,  say  for  two  hours, 
the  surface  became  still  more  uneven  and  was  found  to 
be  covered  with  perfectly  regular  squares,  rectangles, 
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and  triangles,  together  with  other  figures  of  less  reg- 
ular shape.  Figs.  5  and  6  at  600  diameters  are  typical 
examples  of  the  structures  thus  obtained.  In  the 
former  the  rectangle  etch  figures  predominate  and  in 
the  latter  the  triangle.  In  these  cases,  owing  to  the 
very  deep  etch,  only  certain  parts  of  the  field  can  be 
obtained  in  focus  at  any  given  time.  It  was  observed 
that  the  size  and  general  form  of  the  figures  varied 
somewhat  in  different  experiments  owing,  doubtless, 
to  slight  differences  in  pressure,  and  to  variations  in 
the  composition  of  the  gases  evolved  from  both  metals. 
Occasionally  very  minute  etched  figures  were  obtained, 
such  as  are  illustrated  on  Plate  II,  Fig.  7,  at  a  magnifi- 
cation of  600  diameters,  which  represents  part  of  one 
cr3-stal  in  which  the  etched  figures  appear  as  minute 
squares  and  rectangles.  Substantially  the  whole  of 
this  field  is  in  focus.  The  three  or  four  irregularly 
shaped  figures  observed  are  due  to  slight  porosities  in 
the  iron. 


It  remains  now  to  consider  what  the  etched  figures 
really  represent.  The  authors'  first  idea  was  that  the 
structures  observed  were  those  of  the  etched  iron, 
more  particularly  as  the  form  of  the  figures  agreed 
very  well  with  what  is  known  as  to  the  crystal  forms 
of  gamma  and  alpha  iron.  It  very  soon  became  evi- 
dent, however,  that  the  hypothesis  was  not  correct  in 
this  form.  It  was  found  that,  under  certain  conditions, 
small  black  shining  crystals  were  formed  on  the  sur- 
face of  the  iron,  in  addition  to  the  etched  figures  de- 
scribed above.  It  was  thought  that  these  might  be  an 
oxide,  and  in  removing  some  with  a  penknife  in  order 
to  test  it  with  a  magnet,  it  was  noticed  that  the  "etch" 
layer  could  also  be  removed,  revealing  unaltered  iron 
underneath.  It  appeared  therefore  that  the  character- 
istic etch  figures  were  due  to  an  oxidation  of  the  iron 
during  heating,  and  that  accordingly  they  must  be 
ascribed  to  an  oxide  and  not  to  the  metal.  General 
support  to  this  view  was  given  by  the  fact  that  the 
copper  itself  was,  as  has  been  mentioned,  also  oxidized, 
the  surface  in  certain  places  being  almost  completely 
covered  with  the  characteristic  blue  cuprous  oxide. 

Further  experiments  were  then  carried  out  to  de- 
termine what  relation  the  structure  of  the  oxide  bore 
to  that  of  the  iron.  It  was  noticed  that  if  the  specimen 
uere  heated  to  1,000  deg.  C.  several  times,  there  was 
no  change  in  the  shape  or  size  of  the  characteristic 
etch  figures,  although  it  is  obvious  that  on  every  oc- 
casion a  change  in  the  crystal  form  of  the  iron  itself 
must  have  taken  place  on  passing  through  the  Ac3 
inversion  and  back  again  through  Ar3.  In  other  words, 
it  is  clear  that  the  alpha  to  gamma  and  gamma  to 
alpha  change  had  no  influence  on  the  facets  once  they 
had  lieen  produced.  Moreover,  on  marking  a  par- 
ticular area  before  heating  it  could  be  shown  that  its 
structure  corresponded  with  that  of  the  original  alpha 
iron  crystal.  The  boundaries  were  the  same  in  both 
cases.  On  repolishing  and  etching  after  heating  it 
]:)ore,  however,  no  relation  to  the  metal  underneath, 
which  had  recrystallized  in  passing  through  Ac3  and 
Ar3.  Furthermore,  upon  heating  the  specimen  of  the 
iron  below  900  deg.  C.  it  developed  the  same  char- 
acteristic etch  facets  as  at  1.000  deg.  C.  although  the 
time  required  was  considerably  longer  (a  minimum  of 
two  hours).  It  is  clear  therefore  that  the  formation 
of  the  oxide  begins  below  900  deg.  C.  and  that  it  takes 
its  shape  from  the  structure  of  alpha  iron,  and  having 
once  begun  it  continues  to  grow,  regardless  of  the 
phase  changes  which  take  place  in  the  iron  underneath 
on  passing  from  alpha  to  gamma  and  back  again.  The 
authors  do  not  regard  the  process  merely  as  an  oxida- 
tion of  the  iron  crystals,  by  means  of  which  the  struc- 
ture of  the  iron  is  made  manifest,  so  much  as  a  growth 
of  crystals  of  an  oxide,  the  orientation  of  which  is  de- 
termined by  the  iron  on  which  they  are  first  formed. 
In  certain  instances  the  valleys  produced  at  the  boun- 
daries are  caused  by  the  growth  of  oxide  crystals  away 
from  the  true  boundary  in  two  directions,  the  slopes 
of  the  valley  being  made  up  of  the  "sides"  of  the 
crystals.  It  will  be  noticed  that  these  are  striated  in 
a  regular  manner  corresponding  with  the  orientation 
of  the  facets  observed  on  the  surface. 

The  fact  that  one  substance  will  assume  the  same 
orientation  as  that  of  another  on  which  it  is  crystal- 
lizing, provided  they  are  isomorphous,  is  well  known. 
This  was  established,  for  example,  by  Mr.  C.  V.  Baker' 


'"Journal   of  the  Chemical   Society."   1906,   vol.   Ixxxix,  p. 
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in  his  experiments  on  "the  formation  of  regular 
growths  of  crystals  of  one  substance  upon  those  of 
another."  Parallel  growths  of  sodium  nitrate  crystals 
on  calcite  surfaces  are  shown  on  Plate  XX,  Figs.  63, 
64  and  65,  of  Sir  George  Beilby's  book  entitled  "Aggre- 
gation and  Flow  of  Solids."  It  seems  probable,  there- 
fore, that  in  the  present  case  the  oxide  first  formed  is 
magnetite  FcjO^,  which  has  a  cubic  symmetry  like 
alpha  iron.  The  surface  crystals,  however,  which  were 
removed  with  a  penknife,  were  not  attracted  by  a 
magnet,  indicating  that  they  had  been  further  oxidized, 
probably  to  FcjOa,  without  change  of  form.  It  is 
well  known  that  hematite  crystallizes  in  the  hexagonal 
system,  but  this  oxide  has  been  obtained  in  a  form 
pseudomorphous  with  magnetite  by  heating  the  latter 
in  a  blow-pipe  flame  for  several  hours.  The  crystals 
oxidized  without  change  of  form."  A  type  of  structure 
somewhat  similar  to  that  described  above  was  obtained 
by  Osmond  and  Cartaud.^  They  heated  to  redness  a 
crystal  of  iron  (which  had  one  of  the  cube  faces 
polished)  in  a  nickel  crucible  packed  with  calcined 
magnesia  and  covered  with  cast  iron  shavings.  To 
use  their  own  words  in  describing  the  results  of  this 
experiment:  "The  polished  face  oxidized  naturally 
and  displayed  square  figures  strongly  resembling  cor- 
rosion figures.  *  *  It  seems  that  the  oxidation  has 
been  regulated  by  the  structure  of  the  metal." 

As  has  been  already  stated,  the  characteristic  struc- 
tures of  oxide  described  in  the  present  paper  are  only 
produced  under  the  combined  influence  of  the  gases 
evolved  from  both  copper  and  iron.  The  mere  oxi- 
dation of  the  iron  which  always  takes  place  to  some 
extent  when  it  is  heated  by  itself  in  an  evacuated  silica 
tube,  does  not  produce  these  structures  at  all.  What 
has  to  be  explained,  if  possible,  is  the  oxidation  of  the 
iron  in  a  particular  way  under  the  combined  influence 
of  the  gases  simultaneously  evolved  both  from  iron  and 
copper.  The  effects  are  only  produced  by  copper  con- 
taining the  gases  normally  present  in  the  metal.  If 
the  copper  be  previously  heated  in  vacuo  several  times 
until  no  gases  are  evolved  and  be  then  heated  with  iron 
in  an  evacuated  tube,  it  remains  quite  bright,  while  the 
iron  oxidizes  slightly  without  the  production  of  the 
characteristic  facets  of  oxide.  Both  the  composition 
and  volume  of  the  gases  contained  in  copper  vary  with- 
in fairly  wide  limits.  Several  samples  of  the  metal, 
however,  produced  similar  effects  on  the  iron.  The 
action  therefore  clearly  takes  place  with  gases  whose 
composition  varies  to  some  extent.  The  gases  collected 
when  one  specimen  of  the  copper  used  in  the  authors' 
experiments  was  melted  in  vacuo,  gave  the  following 
results  on  analysis: 

Hydrogen  sulphide    61.2 

Carbon  dioxide 34.9 

Oxygen    1-1 

Residual  gas  (nitrogen)   2.8 

It  is  to  be  noted  that  this  mixture  contains  only 
just  over  1  per  cent  of  free  oxygen,  but  that  there  is 
a  considerable  amount  of  oxygen  present  combined 
with  carbon  and  sulphur.  Less  information  exists  with 
regard  to  the  gases  present  in  iron.  The  majority  of 
gas  analyses  have  been  carried  out  on  steels,  and  in 
these  cases  the  gases  appear  to  consist  of  mixtures  of 
the  oxides  of  carbon  together  with  hydrogen  and  nitro- 

^Friedel,  "Bull.  Soc.  Franc.  Min.,"  1894.  vol.  xvii,  p.  450. 
^"Journal  of  the  Iron  and  Steel   Institute,"   1906,   No.  Ill, 
p.  481. 


gen.  It  is  impossible  to  predict  what  would  be  the 
equilibrium  in  a  system  composed  of  the  metals,  copper 
and  iron,  at  temperatures  of  from  900  deg.  to  1,000  deg. 
C,  which  was  evolving  a  mixture  of  the  above  types. 
Broadly  speaking,  however,  it  appears  that  under  these 
conditions  the  atmosphere  produced  is  decidedly  oxid- 
izing both  as  regards  the  copper  and  the  iron.  In 
their  experiments  the  authors  have  noticed  the  depo- 
sition of  free  sulphur  in  the  cooler  parts  of  the  quartz 
tube.  This  points  to  the  decomposition  of  the  sulphur 
dioxide  always  present  in  the  copper,  and  the  result 
would  be  the  production  of  free  oxygen.  Another 
source  of  this  gas  is  possibly  the  decomposition  of  some 
cuprous  oxide.  The  fact  that  the  production  of  the 
characteristic  facets  of  oxide  requires  a  period  of  con- 
siderable duration  for  its  completion  is  due,  no  doubt, 
to  the  gradual  liberation  of  the  gases  over  this  period. 
Those  contained  in  and  evolved  from  the  copper  must 
be  held  to  be  the  chief  cause  of  the  characteristic  struc- 
tures of  iron  oxide  produced,  but  the  influence  of  their 
possible  interaction  with  the  gases  evolved  on  heating 
the  iron  itself  must  not  be  lost  sight  of. 

Summary. 

Samples  of  Armco.  electrolytic,  and  Swedish  iron 
were  heated  from  below  900  deg.  to  above  1.000  deg.  C. 
in  an  evacuated  quartz  tube  and  oxidized  slightly  with- 
out producing  any  characteristic  crystallographic  fea- 
tures on  the  surface  of  the  metal.  If,  however,  a  speci- 
men of  copper  be  introduced  as  well  containing  the 
gases  which  are  ordinarily  present  in  the  metal,  a  re- 
action sets  in  resulting  in  the  gradual  production  and 
development  of  characteristic  facets  on  the  surface  of 
the  iron.  These  are  due  to  the  production  of  what  is 
probably  the  oxide  Fe;,04  which  subsequently  passes 
to  Fe..O;  without  change  of  form.  The  oxide  of  iron 
originally  produced  is  isomorphous  with  alpha  iron, 
and  the  orientation  of  the  oxide  produced  on  any  given 
crystal  of  iron  is  determined  by  the  orientation  of  the 
alpha  iron  itself.  It  is,  in  other  words,  "a  parallel 
growth"  of  the  magnetic  iron  oxide.  Once  produced 
the  form  of  the  oxide  is  uninfluenced  by  heating  the 
specimen  to  a  temperature  at  which  gamma  iron  is 
formed.  A  somewhat  similar  phenomenon  was  ob- 
served sixteen  years  ago  by  Osmond  and  Cartaud.  The 
principal  agent  in  the  production  of  the  characteristic 
facets  of  oxide  is  the  mixture  of  gases  evolved  by  the 
copper  on  heating. 


STUDY  OF  FLUORSPAR  INDUSTRY 

R.  B.  Ladoo,  mineral  technologist  of  the  Bureau  of 
Mines,  spent  the  entire  month  of  April  in  the  examin- 
ation of  the  fluorspar  deposits  of  the  western  states. 
On  this  trip  fluorspar  mines  and  mills  were  examined 
in  New  Mexico,  Nevada  and  Colorado.  Information 
obtainable  on  fluorspar  deposits  in  Arizona,  California 
and  LTtah  indicated  that  deposits  were  not  sufficiently 
important  to  warrant  examination.  None  of  the  mines 
or-  mills  visited  was  in  operation,  and  it  was  evident 
that  many  of  the  deposits  opened,  particularly  those 
of  New  Mexico,  were  war  developments  which  can 
not  be  considered  of  great  importance  under  normal 
conditions.  The  information  obtained  on  this  trip  will 
be  used  as  the  basis  of  a  report  on  the  mining  of  fluor- 
spar in  the  western  states. 
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Fig.  1 — General  view  of  by-product  coke  plant. 


By-Product   Coke  Plant  at  Midland 

The  Pittsburgh  Crucible  Steel  Company  Has  Completed  a  Modern 
Plant  Consisting  of  100  Koppers  Ovens  at  Midland,  Pa. 


THE  By-Product  Coke  Plant  of  the  Pittsburgh 
Crucible  Steel  Co.,  consisting  of  100  Koppers 
ovens  is  situated  at  Midland,  Pa.,  about  34  miles 
below  Pittsburgh  on  the  Ohio  River  on  the  site  of  an 
old  Bee  Hive  plant.  The  original  plans  called  for  a 
plant  built  with  government  assistance  as  a  war  time 
measure  to  supply  toluol  and  ammonium  sulphate ;  but 
after  the  Armistice  these  arrangements  were  concluded, 
and  the  plant  completed  by  the  Pittsburgh  Crucible 
Steel  Co.,  a  subsidiary  of  the  Crucible  Steel  Co.  of 
America.  The  location  makes  possible  the  use  of  the 
cheap  water  transportation  giving  the  plant  a  decided 
advantage  over  those  dependent  on  rail  haulage. 

As  a  source  of  raw  material  for  the  By-Product 
Coke  Plant,  the  Crucible  Steel  Company  operates  a 
coal  mine  at  Crucible,  Pa.,  69  miles  above  Pittsburgh 
on  the  Monongahela  River  at  Glassmere,  Pa.,  on  the 
Monongahela.  The  mine  at  Crucible  is  in  the  Pitts- 
burgh seam,  admirably  located  and  is  capable  of  large 
development.  As  the  acreage  here  is  large  and  the  coal 
readily  mined  and  delivered  into  barges  on  the  river, 
this  is  logically  the  source  of  supply  of  most  of  the 
coal  for  the  By-Product  plant.  The  mine  at  Glass- 
mere  is  in  the  double  Freeport  seam  and  has  a  smaller 
acreage.  At  present  it  is  not  possible  to  load  barges 
from  the  mine  but  when  the  river  work  under  way  is 
completed  it  will  be  possible  to  deliver  coal  from  this 
mine  into  barges  for  shipment  to  the  By-Product  Coke 
Plant. 

Coal  is  taken  from  the  barges  by  a  Mead-Morrison 
hoist  having  a  six-ton  bucket  with  a  capacity  of  600 
tons  per  hour  when  working  in  free  coal.  The  lift  at 
normal  pool  stage  is  75  feet  and  the  speed  of  hoisting 
is  sufficient  to  make  two  trips  per  minute. 

The  hoist  is  provided  with  a  two  hundred  ton  bin 
from  which  the  coal  is  fed  by  a  shaking  feeder  on  to 
a  42  in.  conveyor  belt.  This  conveyor  is  605  feet  long 
and  the  idlers  are  equipped  with  roller  bearings  to  de- 
crease the  strain  on  the  belt.  The  storage  bin  here 
serves  to  balance  the  capacity  of  the  belt,  which  is 
300-326  tons  per  hour,  and  the  hoist ;  and  to  keep  the 
belt  supplied  with  coal  while  charging  barges.  This 
first  conveyor  handles  not  only  the  coal  for  the  coke 


plant  but  also  the  steam  coal  and  coal  for  the  gas  pro- 
ducers. The  coal  is  delivered  into  the  junction  tower 
at  the  rate  of  300-325  tons  per  hour  where  it  is  divided — 
250  tons  per  hour  going  on  a  36-inch  belt  to  the  breaker 
and  mixer  building  and  the  remainder  on  a  42-inch 
belt  to  the  loading  station,  where  if  desired  it  may  be 
crushed  by  a  54  x  54  roll  crusher  and  screened  into 
lump  and  slack  for  the  steel  mill.  The  capacity  of  this 
crusher  is  sufficient  to  take  the  entire  amount  delivered 
b}'  the  river  conveyor. 

As  the  river  is  not  navigable  part  of  the  year  suf- 
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Fig.  2 — View  showing  top  and   discharge  side  of  ovens. 
Quenching  car  locomotive  at  extreme  right. 

ficient  storage  must  be  provided  to  allow  the  plant  to 
operate  during  this  period.  This  is  taken  care  of  by 
extending  the  ore  yard  and  car  dumper.  Coal  loaded 
into  cars  at  the  loading  station  is  dumped  at  any  de- 
sired point  in  the  ore  trough  by  the  movable  W'ellman- 
Seaver-Morgan  Car  Dumper,  which  also  handles  the 
ore.  From  here  it  is  stocked  by  the  ore  bridge.  The 
maximum  capacity  of  the  storage  yard  is  approxi- 
mately 200.000  tons  of  coal  giving  90  days  operation 
for  the  Coke  Plant  and  Steel  Mill, 
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In  reclaiming  coal  it  is  loaded  on  cars  by  the  ore 
bridge  and  transferred  to  the  track  hopper.  This  re- 
ceives coal  in  two  sets  of  hoppers  and  delivers  through 
shaking  feeders  on  to  a  36  in.  belt  which  in  turn  delivers 
it  into  the  same  junction  house  which  is  the  terminal 
of  the  river  conveyors.  If  desired  it  is  possible  to  take 
run  of  mine  coal  from  stock  in  cars,  crush  and  screen 
it  into  lump  and  slack  and  return  it  to  cars. 

The  coal  handling  is  thus  flexible ;  and  large  storage 
capacity  and  handling  facilities  obtained  with  small 
additional  expense  by  utilizing  the  surplus  capacity  of 
the  Blast  Furnace  Equipment. 

The  coal  from  the  junction  tower  is  delivered  to  the 
top  of  the  breaker  and  mixer  building  through  the 
Bradford  Breaker  to  four  2(X)-ton  mixer  bins.  From 
these  it  is  delivered  to  the  mixer  conveyors  and  the 
hammer  mill  and  then  to  the  1,800  ton  storage  bin  on 
top  of  the  ovens.  This  bin  is  divided  by  a  central  par- 
tition so  that  it  is  possible  to  charge  two  kinds  of 
coal  in  the  ovens.  From  the  barges  in  the  river  to  the 
point  of  delivery  at  the  top  of  the  bin  on  the  ovens 
the  difference  in  elevation  is  207  feet. 

The  ovens  are  Koppers  500  cubic  foot  ovens,  15^ 
in.  wide  at  the  pusher  side  and  18J4  in.  at  the  coke  side. 
The  jamb  brick  are  unusually  thick  giving  very  effec- 
tive insulation  of  the  first  flue  and  are  also  so  arranged 
that  the  luting  clay  is  not  next  to  the  buckstays.  In 
case  of  gas  leaks  through  the  luting  clay  the  flames 
will  not  have  a  chance  to  come  in  contact  with  the 
buckstays  and  cause  them  to  bend.  Once  this  process 
has  started  it  is  very  difficult  to  stop  and  a  leaky  batter}' 
is  the  usual  result. 

The  general  arrangement  of  the  ovens  and  ma- 
chinery represent  Koppers  standard  practice.  The  de- 
tails of  the  present  pusher  track  however,  presents  a 
difference  from  the  usual  practice  in  that  there  is  no 


Fig.   3 — Pusher  side  of  ovens,  showing  pusher,  central  coal 
storage  bin  over  ovens  and  gas  collecting  mains, 

provision  for  taking  the  thrust  of  the  ram  on  rear  set 
of  wheels.  The  wheels  next  to  the  oven  are  double 
flanged  while  those  on  the  outside  are  single  flanged 
with  the  flange  on  the  outside,  allowing  this  wheel  to 
slip  but  preventing  it  from  taking  any  thrust.  The 
electric  circuit  for  the  pusher  machine  has  a  separate 
circuit  breaker  in  the  sub-station  so  that  any  attempt 
to  push  a  sticker  by  holding  in  the  circuit  breaker  in 
the  pusher  cab  will  cause  the  breaker  in  the  sub-station 


to  act.  There  is  also  a  graphic  meter  in  this  circuit 
so  that  it  is  possible  to  observe  whether  there  are  any 
ovens  which  cause  trouble  in  pushing.  This  arrange- 
ment has  proven  quite  successful  although  viewed  with 
suspicion  at  first.  With  the  twelve  foot  embankment 
close  to  the  rear  wheel  of  the  pusher  this  is  apparently 
a  very  satisfactory  solution. 

The  coke  from  the  ovens  is  pushed  into  a  quenching 
car  propelled  by  an  electric  locomotive,  quenched  and 
dumped  from  the  quenching  car  onto  the  coke  wharf. 
From  here  a  36  in.  belt  conveyor  takes  it  to  a  rotary 
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Fig.  A — Coke  loading  station,  showing  electric  transfer  car  for 
conveying  coke  to  blast  furnace.  Coal  storage  bridge  at 
rear. 


screen  having  l}^  in.  round  holes.  The  furnace  coke 
can  either  be  loaded  on  cars  on  the  coal  handling  level 
or  sent  to  the  storage  bin  above  the  transfer  car  which 
runs  over  the  trestle  to  the  blast  furnace  bins.  The 
coke  which  goes  through  the  1^4  in.  round  holes  drops 
onto  an  18  in.  belt  which  conveys  it  to  a  shaking  screen 
having  J/g  in.  round  holes.  The  material  falling 
through  the  holes  is  sent  to  the  boiler  house  for  fuel 
while  the  larger  coke  is  sold  as  domestic  fuel.  Below 
this  screen  are  two  tile  lined  bins  holding  about  a  car- 
load each.  The  tile  lining  seems  to  be  standing  the 
wear  exceptionally  well. 

The  By-Product  Building  houses  all  the  by-product 
apparatus,  the  ammonia  still  not  being  in  a  separate 
building  as  in  some  of  the  recent  plants.  The  ex- 
hausters are  of  the  positive  type — 175  cubic  feet  per 
revolution.  These  are  sufficient  to  take  all  the  gas 
from  both  batteries,  and  the  tar  extractor,  reheater 
and  saturator  are  designed  so  that  either  may  be  oper- 
ated with  either  exhauster  but  one  is  sufficient  to  take 
all  the  gas.  The  saturators  are  of  the  elliptical  type 
with  two  ejectors  and  drain  tables  and  three  sulphate 
driers.  It  is  thus  possible  to  remove  and  repair  an 
ejector  while  the  saturator  is  in  operation  and  to  have 
one  sulphate  drier  down  for  repairs  without  changing 
saturators  as  two  driers  will  handle  all  the  sulphate 
a  saturator  will  produce. 

As  originally  installed  the  wall  between  the  booster 
room  and  main  by-product  apparatus  room  was  only 
carried  part  way  up  to  allow  the  hand  crane  to  serve 
the  booster  room  as  well  as  the  apparatus  room,  but 
it  was  believed  that  this  advantage  was  outweighed 
by  the  danger  of  gas  leaking  from  the  apparatus  room 
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being  ignited  by  the  motor  driven  boosters,  so  the  wall 
was  made  solid.  The  boosters  are  positive  machines 
driven  by  275  horsepower  slip  ring  alternating  current 
motors  through  a  Lenix  Drive.  The  speed  of  the 
motors  is  controlled  by  a  master  switch  operated  di- 
rectly by  the  movement  of  the  gas  holder.  The  con- 
trol will  cause  the  booster  to  put  all  the  surplus  gas 
into  the  mill  gas  line.  In  case  the  Open  Hearth  De- 
partment where  all  the  gas  is  used,  does  not  require 


Fig.  5 — Left  to  right:  Coal  crushing  and  mixing  building; 
junction  tower;  coal  to  coke  plant  or  steel  work;  rail  coal 
to  coke  plant;  right-rear,  river  coal  to  railroad  cars  for 
plant  use. 


the  full  amount,  the  excess  will  be  released  into  the 
bleeder  line  through  a  multi-port  relief  valve  set  at 
5  pounds  pressure.  If  desired  however,  a  manual  con- 
trol in  the  booster  room  may  be  used. 

The  tar  and  liquor  pumps  are  motor  driven,  direct 
connected  centrifugal  pumps  with  steam  driven  duplex 
pumps  as  spares.  Centrifugal  lime  pumps,  motor 
driven  are  also  used  for  providing  lime  feed  to  the 
ammonia  still.  Tar  is  delivered  through  a  four  inch 
line  direct  to  the  open  hearth  storage  tanks  without 
the  necessity  of  loading  it  into  tank  cars.  Coking  1,800 
tons  of  coal  a  day  and  taking  the  open  hearth  require- 
ments as  6,000,000  Btu  per  ton  of  steel  there  will  be 
available  from  the  coke  plant  sufficient  gas  and  tar  to 
produce  1,390  tons  of  steel  per  day  in  the  open  hearth. 

As  the  present  coal  handling  tracks  of  the  plant 
runs  over  a  fill  on  the  site  of  beehive  ovens  which  were 
in  a  fair  state  of  repair  at  the  time  by  the  by-product 
coke  plant  was  built,  the  diiTerence  in  the  open  hearth 
department  fuel  bill,  had  the  old  bee  hive  ovens  been 
used  to  produce  the  coke  for  the  blast  furnaces,  and 
natural  gas  been  purchased  as  in  previous  years,  can 
be  readily  computed. 

The  benzol  department  is  fortunate  in  having  the 
final  gas  cooler  and  benzol  scrubbers  located  close 
enough  to  the  building  so  that  one  man  can  operate  the 
entire  set  of  apparatus  for  recovering  the  light  oil. 
This  is  a  great  advantage  as  the  responsibility  is  not 
divided  between  the  by-product  and  benzol  depart- 
ments as  in  many  plants.  The  main  benzol  building 
houses  the  light  oil  stills  and  finishing  stills,  the  agi- 


tator being  in  a  separate  building  at  the  other  end  of 
the  benzol  enclosure. 

The  finishing  stills  are  only  designed  to  turn  out 
50  per  cent  of  the  finished  product  as  pure  benzol  oi' 
toluol,  it  being  expected  that  the  bulk  of  the  demand 
would  be  for  motor  benzol  or  other  products  not  re- 
quiring as  close  fractioning  as  pure  benzol  or  toluol. 
Duplex  steam  pumps  located  in  the  main  building 
handle  the  different  products.  The  absorbent  oil  is 
]iumped  by  rotary  pumps  each  driven  by  a  separate 
engine. 

The  storage  tanks  are  not  located  in  a  building  as 
in  many  of  the  recent  plants  but  are  outdoors.  Those 
intended  for  ]irodiicts  li;d)le  to  freeze  arc  insulated  and 
have  heating  coils. 

To  prevent  loss  of  oil  all  the  drains  do  not  go  direct 
to  the  sewer  but  to  an  intercepting  sump  where  any 
oil  may  be  recovered  and  pumped  back  into  the  system. 
Used  absorbent  oil  and  residual  from  the  finishing  still 
are  pumped  to  the  tar  tanks. 

All  the  electric  wiring  in  the  plant  is  carried  in 
underground  conduits.  The  main  lines  from  the  power 
house  to  the  sub-station,  both  direct  and  alternating 
current  are  in  duplicate.  Should  an  accident  disable 
both  of  these  lines  power  can  be  obtained  by  a  tie  from 
the  ri\er  pumping  station.  The  main  high  tension 
switches  have  sufficient  rupturing  capacity  to  take  care 
of  the  fidl  generating  capacity  of  the  power  house, 
i^lince  the  actual  load  on  the  direct  current  machinery 
is  small  it  was  deemed  inexpedient  to  install  rotary 
converters  at  the  sub-station  but  to  use  the  converters 


Fig.  6 — Benzol  scrubber,  final  cooler  and  benzol  plant.  Two 
benzol  washers  and  one  final  cooler  shown  were  manufac- 
tured by  Treadwell  Construction  Company. 


already  in  operation  in  the  power  house.  With  the 
complete  duplication  of  units  and  switching  apparatus 
in  the  power  house  the  interruptions  of  coke  plant 
operations  due  to  the  power  being  oft  have  been  very 
few. 

Steam  is  supplied  from  the  blast  furnace  boiler 
house  and  the  coke  plant  is  also  dependent  on  the  steel 
mill  for  its  supply  of  water. 
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Wire  Manufacturing  in  England  and  France 

General  Comparison  of  the  Wire  Drawing  Practice  of  England 
and  France  With  That  of  the  United  States — Reasons  for  Differ- 
ences in  Method  of  Manufacture  Given. 

By  KENNETH   B.  LEWIS 


THE  wire  manutactuier  of  England  or  of  France  has 
one  strongly  marked  trait  in  common  with  his 
brother  in  America.  He  does  not  invite  the  public 
to  share  his  troubles  and  achievements,  nor  to  discuss 
his  problems.  There  is  little  or  none  of  the  interchange 
of  experience  through  the  technical  press  or  the  engi- 
neering societies  that  marks  many  other  branches  of  the 
steel  industry.  The  more  one  knows  about  wire,  the 
less  he  talks,  and  though  this  statement  may  seem  to 
classify  the  present  writer  rather  unkindly,  it  is  none  the 
less  true.  Our  wire  manufacturers  travel  abroad,  and 
the  foreigners  visit  us.  particularly  the  British,  and 
while  the  differences  in  practice  are  noticed  and  criti- 
cized, no  one  is  convinced.  Few  changes  of  practice  are 
attempted  as  a  result  of  these  visits,  and  those  few  are 
frequently  disastrous. 

In  recent  visits  to  Europe,  I  have  had  an  unusually 
good  opportunity  to  compare  in  a  very  general  way  the 
wire  drawing  practice  of  England  and  France  with  that 
of  the  United  States,  and  to  go  far  enough  into  the  dif- 
ference to  assign  to  each  a  logical  reason.  I  look  upon 
the  foreigner  no  longer  as  an  amiable  eccentric,  but  as  a 
man  who  has  cltverly  adapted  his  wire  drawing  practice 
to  conditions  outside  of  the  industry,  and  beyond  his 
control.  In  England  particularly,  conditions  of  land 
tenure,  character  of  labor,  and  the  influence  of  trade 
unionism,  combine  in  various  ways  to  aflfect  profoundly 
the  practice  in  the  wire  mill.  These  influences  affect  the 
problem  in  so  many  degrees  and  from  so  many  angles 
that  one  scarcely  knows  where  to  begin  a  discussion  of 
them. 

It  is  commonly  reported  that  the  British  make  better 
wire  than  we.  They  do.  The  statement  should,  how- 
ever, be  amplified.  They  make  better  wire  than  we  do 
make,  but  not  better  than  we  can  make.  The  wire  indus- 
try falls  naturally  into  three  divisions :  the  rolling  of 
wire  rods,  the  drawing  of  wire  and  the  working  up  of 
the  wire  into  finished  articles.  With  us  these  three  divi- 
sions, or  at  least  two  of  them,  are  very  commonly  found 
under  a  single  management,  and  a  single  roof.  It  is 
frequently  found  that  the  finished  product  of  one  divi- 
sion, which  is  the  raw  material  of  the  next,  can  be  con- 
siderably cheapened  if  the  next  division  can  take  a  prod- 
uct less  accurately  sized.  The  next  division  finds  it  pos- 
sible, at  a  slight  sacrifice  in  efficiency,  to  absorb  the 
cheaper  product,  and  to  pass  on  a  satisfactory  raw  mate- 
rial to  the  next  in  line.  The  gain  greatly  outweighs  the 
loss,  and  as  it  all  goes  into  the  same  pocket,  a  net  gain 
is  registered  for  the  combined  industries,  while  one  or 
more  of  the  divisions  is  forced  for  the  common  good 
to  lower  its  standard. 

In  England  the  wire  maker  knows  little  and  cares 
less  about   the   problems   of   the   rod   roller.     He   wants 

Mr.  Lewis  is  manager  of  the  wire  machinery  department, 
Morgan  Construction  Company.  Worcester,  Mass. 


round  rods  true  to  gauge  and  gets  them.  The  nail  maker, 
who  draws  no  wire,  wants  his  wire  round  and  true  to 
gauge,  not  because  the  carpenter  cannot  drive  a  scratched 
nail,  but  because  the  output  and  upkeep  of  the  nail  ma- 
chines are  better  with  first-class  wire.  Furthemore,  the 
wire  drawer  and  the  nail  maker  are  100  per  cent  vmon- 
ized.  They  are  on  a  piecework  basis,  and  if  they  do 
not  like  the  raw  material  they  get  they  will  walk  out. 
They  consider  they  have  no  interest  in  common  with  the 
boss.  Savings  mean  nothing  to  them.  Earnings  are 
everything. 

The  various  divisions  of  the  wire  industry  are  very 
reluctant  to  merge  to  a  completely  integrated  unit.  The 
British  companies  are  old  and  firmly  established.  They 
are  family  affairs,  and  the  Britisher  is  not  easily  trans- 
planted. He  wants  his  family  business  with  its  small 
but  steady  profit,  and  his  son  wants  it  after  him.  He 
does  not  shift  readily  from  place  to  place  or  from  busi- 
ness to  business.  Moreover,  a  consolidation  which  in- 
volves expansion  is  a  big  undertaking  in  England  on 
account  of  the  difficulty  of  buying  land.  The  English- 
man regards  his  land  as  he  does  his  business,  not  as  a 
thing  to  speculate  with,  but  to  keep  and  get  dividends 
from.  There  is  no  land  held  for  speculative  purposes. 
It  is  all  producing.  You  may  lease  it,  but,  generally 
speaking,  you  cannot  buy  it,  and  there  is  not  much  fun 
sinking  money  in  a  big  undertaking  on  leased  land.  The 
established  units  of  the  business  are  chiefly  in  congested 
districts,  since  they  were  laid  down  before  the  davs  of 
easy  transportation.  If  they  are  to  be  brought  together 
it  must  be  in  a  new  place.  Will  the  workmen  follow 
the  plant?  That's  an  open  question.  The  British  work- 
ing man  does  not  care  for  change  any  more  than  the 
manufacturer.  One  of  his  ambitions  is  to  die  in  the 
house  where  he  was  born.  The  British  manufacturer 
cannot  count  on  attracting  to  a  new  location  a  sufficient 
number  of  floaters.  There  are  no  immigrants  in  Eng- 
land— no  great  floating  body  of  unattached  young  men 
with  nothing  but  nuiscle,  ready  to  be  shaped  into  skilled 
or  semi-skilled  laborers.  The  manufacturer  can  look 
only  to  the  ranks  of  union  labor.  He  cannot  make  wire 
drawers  or  nail  makers.  The  union  makes  them,  the 
boss  takes  them. 

The  labor  union  is  the  outstanding  factor  in  the  indus- 
try from  every  angle.  British  wire  is  generally  drawn 
very  accurately  to  gauge,  whatever  its  grade.  In  condi- 
tions under  which  the  American  wire  drawer  handles 
four,  five  and  even  six  blocks,  the  British  wire  drawer  is 
j)ermitted  by  the  union  to  run  only  two.  He  has  an  abun- 
dance of  time  on  his  hands.  His  pay,  while  low  in  dol- 
lars per  day,  is  high  in  dollars  per  unit  of  production. 
The  boss  can  get  square  with  him  only  bv  insisting  on  a 
high  degree  of  accuracy  in  the  finished  product.  The 
boss  studies  out  other  ways  to  keep  the  wire  drawer 
busy.    A  Yankee  would  say  that  he  was  "saving  at  the 
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spigot  and  wasting  at  the  bunghole,"  but  the  critic  must 
remember  that  the  bunghole  is  in  charge  of  the  union, 
and  is  kept  wide  open,  and  that  every  drop  saved  at  the 
spigot  is  net  gain  to  the  boss.  The  wire  drawer  is  re- 
quired to  tix  his  own  dies.  This  saves  money,  but  it 
helps  to  rivet  the  shackles  of  trade  unionism  onto  the 
boss.  It  helps  to  make  and  keep  wire  drawing  a  highl\- 
skilled  trade.  The  wire  drawer  is  required  to  point  his 
wire  frequently  with  no  other  tools  than  a  hammer  and 
anvil.  The  arrangements  for  drawing  the  point  through 
the  die  are  of  the  crudest  description  and  great  wasters 
of  time,  but  the  wire  drawer  has  time  to  waste.  In  some 
mills  the  wire  drawer  must  walk  into  the  baker,  pick  up 
a  bundle  of  rod  from  the  floor  and  carry  it  in  his  arms 
to  the  bench.  \\'hen  I  was  tempted  to  marvel  at  the 
shortsightedness  of  the  superintendent  in  permitting  such 
inefficient  practice  I  recalled  that  the  man's  time  and 
labor  were  already  paid  for  and  that  this  service  cost 
the  mill  absolutely  nothing.  The  same  considerations 
result  in  the  use  of  small  rod  bundles.  All  the  expenses 
connected  with  the  production  and  handling  of  large 
bundles  would  fall  on  the  proprietor.  All  the  profits 
would  go  to  the  union  wire  drawer. 

The  British  wire  drawer  is  a  highly  skilled  artisan. 
He  serves  a  long  apprenticeship,  and  works  his  whole 
life  at  the  bench.  He  knows  instinctively  how  to  vary 
his  drafting  and  the  shape  of  the  die  hole  to  suit  the 
variations  in  the  stock,  and  he  does  certainly  make  beauti- 
ful wire.  So  did  the  American  wire  drawer  in  the  good 
old  days  before  the  changing  character  of  our  labor  sup- 
ply made  it  necessary  to  take  the  brains  out  of  the 
operator  and  put  them  into  the  machinery. 

The  British  cleaning  house  is  not  quite  the  choking, 
steam-filled  purgatory  to  which  we  are  accustomed.  I 
do  not  recommend  it  precisely  as  a  health  resort,  but  you 
can  at  least  walk  about  without  necessarily  ruining  a  hat 
and  coat,  and  on  leaving  you  can  blow  your  nose  with- 
out burning  holes  in  your  handkerchief.  The  first  thing 
I  noticed  was  that  all  the  tubs  were  of  stone,  reported 
to  be  everlasting.  We  have  all  heard  of  these  stone  acid 
vats  from  returning  travelers.  Some  of  us  have  tried 
them  here  in  America,  but  they  invariably  cracked  as  soon 
as  the  solution  got  up  to  pickling  heat.  In  England  the 
solution  gets  no  more  than  lukewarm,  and  the  reason 
the  wire  cleans  is  that  the  acid  is  muriatic.  This  is  not 
reckless  extravagance  on  the  part  of  the  British  wire 
manufacturer.  Muiratic  is  his  cheapest  acid.  In  Amer- 
ica we  not  only  have  large  sulphuric  deposits,  hut  we  re- 
cover thousands  of  tons  of  sulphuric  acid  as  a  by-product 
in  the  smelting  of  sulphide  ores  of  the  non-ferrous 
metals.  In  England  sulphuric  is  the  high  priced  acid, 
and  muriatic  is  the  cheap  by-product.  At  this  gentle 
heat  generated  by  the  chemical  action  of  acid  on  steel, 
the  stone  tubs  last  forever,  and  on  account  of  the  strength 
of  the  acid,  pickling  is  not  prohibitively  slow.  The  acid 
cannot  be  heated.  Sulphuric  acid  is  a  liquid.  Muriatic 
acid  is  a  gas,  which  for  commercial  use  is  dissolved  in 
water.  At  such  temperatures  as  we  induce  in  our  vats 
by  the  use  of  steam,  the  muriatic  acid  would  be  driven 
out  of  solution  and  lost. 

British  practice  seems  to  favor  a  long  baking  at  com- 
paratively low  temperature.  Whether  this  fully  explains 
it,  I  do  not  know,  but  certainly  their  wire  is  more  care- 
fully "gotten  up,"  as  they  express  it,  and  if  required  will 
stand  more  drafting  before  the  coating  is  lost. 

Soap  is  the  favorite  lubricant  in  the  die  box,  or  rather 
the  plate  stand,  as  cast  iron  dies  are  unknown;  not  pow- 
dered soap,  however,  but  soap  in  cakes  or  small  chips. 
The  cakes  are  commonly  clipped  onto  the  wire  in  pairs 


with  a  spring  clip,  and  the  rod  is  thoroughly  soaped  in 
the  first  draft.  On  succeeding  drafts  it  is  soaped  again, 
either  with  cakes  or  with  the  broken  chips  and  powder 
recovered  from  the  first  stand. 

The  British  annealing  practice  does  not  seem  to  dif- 
fer materially  from  ours. 

In  the  matter  of  drawing  benches,  the  differences  are 
not  particularly  noticeable.  The  English  bench  is  apt  to 
be  very  low,  perhaps  24  inches,  but  the  block  stands  high 
above  it  so  that  the  draft  line  is  about  the  usual  .30  inches 
from  the  floor  level.  The  bench  top  is  low  enough  to 
carry  anvils,  on  which  plates  are  battered. 

Continuous  machines  for  the  dry  drawing  of  coarse 
wire  are  much  in  evidence  in  England.  They  are  of  a 
variety  of  types,  most  of  them  familiar  to  Americans. 
Indeed,  most  of  them  have  been  tried  here  and  con- 
demned. Their  work  is  no  better  in  England  than  in 
America,  but  it  seems  better  by  contrast.  The  unions 
consent  to  classify  a  continuous  machine  as  one  block, 
and  a  man  is  therefore  permitted  to  operate  two  ma- 
chines. However  small  his  output,  it  is  bound  to  beat 
the  performance  of  two  single-holers.  Three  general 
types  of  machine  are  in  service :  the  common  slip  ma- 
chine, the  mach'ne  with  bronze  segments  which  slip  in 
a  groove  in  the  block  face,  and  various  arrangements  of 
the  difterentiai  gear  principle.  On  account  of  their  rela- 
tively large  output,  the  British  wire  man  nurses  them 
along  with  greater  care  than  we  can  afford  to  give  them. 
The  following  figures  indicate  roughly  the  position  of 
these  machines  in  comparison  w-ith  single  holing  in  Great 
Britain,  and  in  the  Utiited  States : 
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France. 

I  found  the  wire  mills  of  France  interesting,  chiefly 
from  the  viewpoint  of  the  antiquarian.  This  rather  un- 
kind statement  might  have  been  modified  had  I  found 
time  to  visit  some  of  the  larger  mills  outside  the  devas- 
tated region,  whose  practice,  I  am  told,  more  nearly  re- 
sembles ours,  but  I  report  here  only  what  I  saw.  The 
mills  were  picturesque  outside  as  well  as  inside.  I  did 
not  actually  see  one  with  a  thatched  roof,  but  momen- 
tarily expected  to.  Several  of  the  plants  had  been  strip- 
ped of  machinery  by  the  \'isitors.  In  one  case  the  build- 
ings had  been  turned  into  a  factory  for  the  production 
of  wooden  furniture  for  German  dugouts,  and  I  had  the 
pleasure  of  sampling  the  product  while  we  talked.  The 
manager  was  in  Germany  trying  to  locate  and  identify 
his  machinery,  and  the  master  mechanic  expressed  to  me 
privately  his  hope  that  the  wire  benches  would  never  be 
found. 

Two  things  that  characterize  French  wire  drawing  as 
I  saw  it  are  small  bundles  and  wet  drawing.  The  rods 
are  frequently  coppered  directly  after  pickling  and  drawn 
wet  to  all  sizes.  The  coating  did  not  seem  as  red  as  our 
"high  copper"  finish,  and  it  was  only  after  persistent  and 
repeated  questions  that  I  accepted  the  statement  that  it 
carried  absolutely  no  tin.  It  drew  off  rather  quickly  to  a 
straw  color  exactly  like  our  tin-copper  coat,  and  it 
seemed  to  me  that  it  required  rather  frequent  renewal. 
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The  coarse  wire  is  not  drawn  out  of  tubs,  but  is  allowed 
to  lie  on  a  standard  reel  after  having  been  dipped  in  a 

gummy  looking  mixture  called  "sauce,"  whose  composi- 
tion I  could  not  make  out,  the  ingredients  being  outside 
my  small  vocabulary.  The  coarse  wire  in  bundles  of  40 
or  50  pounds  runs  out  quickly  and  apparently  has  no  time 
to  rust.  Fine  wire  is  drawn  from  tubs  of  rye  meal 
liquor,  as  with  us. 

The  wire  blocks  down  to  12  inches  diameter  have  wide 
faces  and  generally  no  extension  pins,  since  the  bundles 
are  too  small  to  climb  high.  The  reel  serving  the  rip- 
ping block  is  gLoerally  on  the  floor,  but  for  the  other 
blocks  the  reels  are  mounted  on  the  bench  behind  the 
blocks.  It  is  not  difficult  to  strip  these  light  bundles,  and 
to  lean  over  and  drop  them  onto  the  reel,  just  as  in  our 
fine  wire  practice.  Germany  supplies  much  of  this  wire 
drawing  equipment.  It  is  said  that  the  German  practice 
is  more  like  our  own,  but  that  they  seem  quite  willing  to 
let  France  continue  her  wet  drawing.  I  judge  that  the 
practice  alone  is  enough  to  keep  France  out  of  the  export 
market.  In  a  good  sized  wire  rope  plant  I  found  the 
usual  practice  to  be  two  drafts  from  the  rod  in  lime  and 
soap  to  the  first  patenting  point,  then  wet  drawing  to  fin- 
ished size.  Kink  tests  on  the  process  wire  did  not  in- 
spire in  me  any  great  respect  for  wet  drawing. 

The  wire  benches  are  of  the  types  advertised  by  the 
various  German  manufacturers,  generally  with  reels  on 
the  bench  as  described,  and  frequently  with  very  close  set 
blocks  worked  alternately  from  both  sides  of  the  bench. 
The  drawout  tongs  are  permanently  attached  to  each 
block  in  a  recess  below  the  flange.  The  benches  seem 
very  light  for  their  rating,  and  I  found  it  was  common 
practice  to  draw  the  first  draft  or  two  from  the  rod  on 
horizontal  spindle  bull  blocks.  On  these  ripping  drafts 
a  speed  of  10  to  15  rpm.  of  a  22-inch  block  was  con- 
sidered quite  daring,  with  finishing  speeds  running  any- 
where from  25  to  40  rpm.,  and  occasionally  with  small 
blocks  as  nmch  as  50.  Drafting  is,  of  course,  much 
lighter  than  in  dry  drawing,  more  drafts  being  necessary 
for  a  given  reduction  in  the  ratio  of  about  9  to  7. 

This  wet  drawing  practice  brings  out  the  interest- 
ing fact  that  in  the  reduction  of  soft  steel  our  annealing 
practice  is  based  less  on  the  requirements  of  the  metal 
than  on  the  life  of  the  coating.  I  observed  more  than 
once  that  the  British  with  their  carefully  prepared  coating 
were  regularly  drawing  to  finer  gauge  from  the  rod  than 
we  consider  commercially  practical.  The  French  mills 
practicing  wet  drawing,  and  renewing  the  copper  coat  at 
frequent  intervals,  have  no  difficulty  in  reaching  20  to 
22  gauge  for  nails  or  netting  wire  without  annealing,  and 
one  manufacturer  reported  that  24  gauge  was  his  usual 
practice. 

Sulphuric  acid  is  the  usual  pickling  medium  in 
France.  I  was  unable  to  get  an  accurate  comparison  of 
their  acid  consumption  with  ours.  The  difficulty  of  dis- 
cussing technical  matters  in  an  unfamiliar  language  may 
be  readily  understood.  The  writer  became  expert  at 
transposing  from  kilograms  per  metric  ton  into  pounds 
per  net  ton,  at  full  conversational  speed,  but  had  to  draw 
the  line  at  applying  correction  factors  for  53-degree 
acid,  which  was  the  best  France  could  get  in  war  times. 

Continuous  machines  seem  to  be  more  used  in  France 
than  with  us,  though  not  so  common  as  in  Great  Britain. 
I  found  two  large  installations  of  Horton  machines  for 
both  wet  and  drv  drawing  in  all  sizes.  The  machines 
were  chiefly  five-holers.  Knowing  this  type  of  machine 
to  be  an  American  development,  the  French  are  under 


the  impression  that  it  is  widely  used  here.  The  machines 
had  water-cooled  bronze  seats  and  took  nearly  double 
the  calculated  power,  the  excess  presumably  going  off  in 
heat.  They  were  kept  in  excellent  condition  and  under 
careful  manipulation  showed  production  records  that 
were  really  impressive.  The  following  figures  were  re- 
ported to  me  by  a  prospective  purchaser  who  had  care- 
fully checked  the  outputs  in  the  plants  of  the  "concession- 
aire." Though  the  information  is  not  quite  complete,  it 
is  accurate. 
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NEW    MERCHANT    MILL    PLANNED    BY 
TENNESSEE  COAL,  IRON  &  R.  R.  CO. 

Official  announcement  is  made  by  George  Gordon 
Crawford,  ])resident  of  the  Tennessee  Coal,  Iron  & 
Railroad  Co.,  that  a  combination  10-  and  12-in.  mer- 
chant bar  mill,  two  blocks  long  by  80  ft.  wide  and 
having  a  monthly  capacity  of  10,000  tons  of  plain  or 
deformed  bars,  rounds  and  squares,  is  to  be  built  at 
once  at  the  works  of  the  Tennessee  company  in  Fair- 
field, a  suburb  of  Birmingham.  While  the  cost  of  the 
new  mill  has  not  been  officially  announced,  it  is  stated 
unofficially  that  the  figure  will  be  approximately  a 
million  dollars. 

The  new  merchant  mill  will  be  so  located  as  to  re- 
ceive billets  from  the  Fairfield  blooming  mill,  to  which 
tables  will  be  added  so  that  long  billets  can  be  de- 
livered to  the  inerchant  mill  without  the  necessity  of 
switching  cars.  It  will  consist  of  a  roughing  train  of 
six  strands  of  10-in.  rolls,  an  intermediate  mill  of  five 
strands  of  12-in.  rolls  and  a  finishing  train  of  two 
strands  of  finishing  rolls,  provided  with  11-in.  pinions, 
making  it  possible  to  use  either  10-in.  or   12-in.  rolls. 

A  mechanical  hotbed  255  ft.  in  length  will  receive 
the  hot  bars  from  the  roll  trains  and,  after  cooling,  the 
bars  will  l^e  sheared  and  stocked  in  a  stores  and  ship- 
ping room  specially  adapted  for  the  storin  gof  concrete 
reinforcing  bars  and  with  storage  capacity  for  a  limited 
tonnage  of  merchant  bars.  The  bar  mill  and  stocking 
Ijuilding  will  be  80  ft.  wide  and  820  ft.  long.  The  ca- 
pacity of  the  mills  is  estimated  at  10,000  tons  of  plain 
or  deformed  bars,  rounds  or  squares  per  month.  The 
mill  is  to  be  built  to  care  for  the  increased  demands 
for  bars  in  the  Southern  territory  and  for  export.  Ma- 
terial for  the  construction  of  the  mill  will  be  ordered 
at  once  and  construction  will  begin  as  soon  as  the  ma- 
terials are  received. 
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The  New  Continuous  Strip  Mill  of  the 
Trumbull  Steel  Company 

A  General  Description  of  the  New  14-in.  Hot  Strip  Mill  Which 
Will  Be  Ready  for  Operation  About  June  1 — Capacity  of  New  Mill 
140  to  600  Tons  per  Day. 


THE  plant  of  the  Trumbull  Steel  Company  will  be 
augmented  about  June  1  by  a  new  unit  which  is  de- 
signed to  roll  intermediate  sizes  of  bands,  hoops  and 
strips  varying  from  2^  x  .045  in.  to  7  x  .060  in.  and 
thicker  up  to  >4  in.  The  finished  product  may  be  coiled 
or  cut  to  lengths.  This  mill  is  an  electrically  driven,  con- 
tinuous mill  with  a  continuous  furnace  heated  by  elec- 
tric gas.  The  capacity  of  the  new  unit  will  vary  from 
140  to  160  tons  per  day,  depending  on  the  size  of  mate- 
rial rolled,  and  will  fit  in  with  the  other  mills  of  the  strip 
department  which  consists  of  a  16-in.  continuous  mill,  a 
9-in.  continuous  mill,  and  a  cold  rolling  department  hav- 
ing 35  stands  or  rolls  arranged  single  and  in  trains 
varying  from  two  to  four  stands.  The  new  mill  was 
constructed  by  the  Morgan  Construction  Company  of 
Worcester,  Mass.,  and  is  being  erected  by  the  steel  com- 
pany under  the  combined  direction  of  Mr.  Frederick 
Wille,  consulting  engineer  of  the  Trumbull  Steel  Com- 
pany, and  the  Alorgan  Construction  Company. 

Building. 

This  unit  is  housed  in  a  steel  building  1,200  ft.  long 
and  100  ft.  wide,  consisting  of  60  bays  20x100  ft.  The 
roof  is  1/5  pitch  double  monitor  type  with  continuous 
sliding  wood  sash  on  the  lower  part  and  continuous 
louvres  on  the  upper  part.  The  roof  truss  elevation  is  33 
ft.  above  the  floor  line.  This  building  forms  a  continua- 
tion of  the  16-in.  mill  building  parallel  to  the  9-in.  mill 
building  and  the  pickling  building  and  is  easily  accessible 
to  the  cold  rolling  department.  The  building  is  served  by 
two  15-ton  cranes  mounted  on  60-lb.  A.S.C.E.  rails.  One 
crane  is  a  three-motor  single  trolley  double  hook  type 
with  50-hp.  bridge  motor,  10-hp.  trolley  motor  and  50- 
hp.  mainhoist  motor;  the  bridge  travel  speed  is  40  fpm., 
the  trolley  travel  speed  175  fpm.  and  the  hoist-lift  30 
fpm.  The  other  crane  is  a  four-motor  single  hook  type 
with  10-ton  auxiliary  hoist,  the  auxiliary  hoist  motor  is 
30  hp.  and  the  other  features  are  similar  to  the  first 
crane.  The  six  bays  at  the  north  end  of  the  building 
will  be  used  for  a  billet  yard  and  will  permit  the  storage 
of  three  30x60-ft.  billet  piles;  24  bays  in  the  middle  of 
the  building  will  be  devoted  to  the  rolling  mill  with  its 
furnace,  motor-room,  conveyors,  etc.,  and  the  south  half 
of  the  building  will  be  used  for  the  handling  and  stor- 
age of  finished  products. 

Billet  Yard. 

The  billet  yard  will  be  equipped  with  a  30-ton  scale 
at  the  floor  level,  having  24-ft.  platform  and  cradles  for 
weighing  billets  and,  also,  with  five  cast  iron  billet  skids 
which  feed  billets  to  charging  conveyors.  Dimensions: 
north  end  of  building  to  first  skid  143  ft.  5  in.,  from  cen- 
ter line  to  center  line  of  skids  6  ft.  8  in.,  center  line  charg- 
ing conveyor  to  back  of  skids  17  ft.  8J4  in.,  floor  line  to 
top  of  skids  (high  end)   12^  in. 


Heating  Furnace. 

Morgan  recuperative  type  of  continuous  heating  fur- 
nace, using  producer  gas  as  fuel.  This  producer  gas  is 
developed  in  a  producer  gas  plant  situated  west  of  the 
9-in.  mill :  this  plant  serves  both  the  9-in.  mill  and  the 
14-in.  mill  furnaces.  The  producer  gas  plant  is  equipped 
with  two  Morgan  and  two  Hughes  gas  producers.  The 
heating  furnace  for  the  14-in.  mill  has  a  Slick  suspended 
roof,  11  cast  iron  water-cooled  skids,  magnesite  brick  on 
bottom  of  4  ft.  6  in.  inclined  hearth  and  all  of  horizontal 
hearth.  The  air-exhaust  is  No.  9  monogram  (Sturte- 
vant)  driven  by  17j/2-hp.  shunt  wound  motor.  Dimen- 
sions: center  line  furnace  to  center  line  north  end  of 
building  210  ft.,  brickwork  34  ft.  2  in.  wide  by  37  ft.  2 
in.  long,  center  line  of  mill  to  discharge  end  of  brick- 
work 6  ft.  2  in  ,  center  line  of  mill  to  charging  end  of 
brickwork  31  ft.,  width  of  hearth  32  ft.,  water-cooled 
skids  4  ft.  wide  by  7  ft.  7  in.  long,  spaced  2  ft.  7^2  in. 
center  to  center,  length  of  brick  hearth  27  ft.  9^  in.,  24 
steel  skids  2j4  in.  by  9  in.  by  15  ft.  long  spaced  13J/2  in. 
center  to  center  in  brick  hearth,  slope  of  hearth  1 :5, 
length  of  inclined  hearth,  measured  horizontally,  22  ft. 
Syi  in.,  length  of  horizontal  hearth  5  ft.  4  in. 

The  furnace  has  the  following  equipment :  An  ex- 
ternal charging  conveyor  with  an  over-all  length  of  36 
ft.  3yi  in.,  supported  by  six  cast  iron  stands  having 
seven  hollow  cast  iron  rollers  15  in.  in  diameter  by  18  in. 
long,  which  have  a  peripheral  speed  of  460  fpm. ;  from 
the  face  of  furnace  brickwork  to  center  line  of  last  roller 
5  ft.  7j,i  in.  and  from  floor  line  to  top  of  rollers  7  ft. 
11}/^  in.  An  internal  charging  conveyor  consisting  of 
five  water-cooled  rollers  inside  of  the  bearing  furnace, 
with  roll  shafts  inclined  at  an  angle  of  87  deg.  with  fur- 
nace and  line  of  billet  travel.  The  rollers  of  both  the 
external  and  internal  charging  conveyors  are  driven  by 
one  12-hp.  dc.  motor,  the  internal  rollers  being  driven 
from  the  outside  of  the  furnace  by  a  line  shaft  and  heli- 
cal gears.  Internal  rollers  are  8  in.  in  diameter  by  14  in. 
long,  the  end  3l4  in.  of  rollers  tapering  down  to  6  in.  in 
diameter.  The  peripheral  speed  of  rollers  is  96  fpm. 
Morgan  type  of  cross  pusher  having  five  steel  pusher 
arms,  operated  by  cranks  on  line  shaft  which  is  operated 
by  a  bell  crank  connected  to  the  piston  of  a  steam  cylin- 
der, with  the  entire  cross  pusher  bolted  to  furnace  buck- 
stays.  Dimensions:  pusher  arms  1^  in.  by  5V^  in.  by  3 
ft. '7  in.,  crank  shaft  27  ft.  4}^  in.  long  by  6  15/16  in. 
diameter,  steam  cylinder  25  in.  diameter  by  2  ft.  7  11/16 
in.  long.  Hawthorne  type  of  push-out  rolls ;  over  hand 
pinch  rolls  11  3/16  in.  diameter  by  10  in.  long  with  a 
peripheral  speed  of  330  fpm.,  driven  through  gear  re- 
duction by  12-hp.  dc.  motor.  Pull-out  rolls  with  rolls, 
roll  drive  and  top  roil  lifting  mechanism  bolted  to  the 
furnace  steel  work ;  the  bottom  roll,  which  is  10  in.  in 
diameter  by  2  ft.  5j^  in.  long,  is  driven  through  spur 
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gear  reduction  by  5-hp.  dc.  motor;  the  top  roll  lifting 
mechanism  is  operated  through  a  worm  reduction  by  a 
2-hp.  dc.  motor.  The  top  roll  is  10  in.  diameter  by  2  ft. 
8  in.  long.  The  bottom  roll  has  a  peripheral  speed  of 
89  fpm.  ^ 

Roughing  Mill  Roll  Train. 

The  roughing  mill  roll  train  consists  of  four  stands 
of  horizontal  rolls  with  an  emergency  shear,  three  verti- 
cal edging  mills  and  a  flying  shear  arranged  as  follows : 
emergency  shear,  16-in.  edging  mill,  two  stands  or  rolls, 
1-in.  edging  mill,  two  stands  rolls,  12-in.  edging  mill  and 
flying  shear. 

The  roll  stands  are  two  high  with  open  top  housings, 
top  roll  adjusting  screw  4^^  in.  diameter  by  3  ft.  314  in. 
long  over  all,  four  U.  S.  S.  threads  per  inch ;  the  bottom 
roll  bearing  is  adjusted  by  wedges  operated  by  screws  on 
the  side  of  the  housings ;  the  rolls  are  cast  steel  varying 
in  diameter  from  13.86  in.  in  the  fourth  stand  to  12.54 
in.  in  the  first  stand,  length  of  body  is  16  in.,  necks  10  in. 
in  diameter  by  13  in.  long;  wabblers  are  9  in.  in  diameter 
by  SjA  in.  long. 

The  emergency  shear  is  the  Edwards  up-and-down 
type  which  cuts  at  a  rate  from  7.  to  29  strokes  per  min- 
ute ;  the  knives  are  18  in.  wide,  the  upper  one  traveling 
5  in.  and  the  lower  one  3  in. ;  this  shear  and  the  16-in. 
edging  mill  are  driven  through  a  gear  drive  by  a  140-hp. 
General  Electric  motor. 


other  roll  dimensions  are  the  same  as  those  of  the  rough- 
ing mill.  From  the  center  line  of  the  fourth  stand  in 
the  roughing  train  to  the  center  line  of  the  fifth  stand 
in  the  intermediate  train  is  27  ft.  6  in.;  from  the  cen- 
ter line  of  the  fifth  stand  to  the  center  line  of  the  sixth 
stand  is  9  ft.  The  two  roll  stands  in  the  intermediate 
train  are  driven  by  a  1,250-hp.  General  Electric  motor, 
which  is  connected  directly  to  the  sixth  stand  and  to  the 
fifth  stand  by  a  train  of  spur  gears. 

Finishing  Mill  Roll  Train. 

The  roll  housings  of  this  train  are  the  same  as  those 
of  the  roughing  and  intermediate  roll  mills.  The  rolls 
are  cast  iron  clear  chilled  to  13  in.  in  diameter  and  vary 
in  diameter  from  14.4  in.  to  13.6  in.  The  roll  stands  are 
spaced  on  their  center  lines  as  follows :  from  the  sixth 
to  the  seventh  9  ft.,  from  the  seventh  to  the  eighth  9  ft., 
from  the  eighth  to  the  ninth  8  ft.  3  in.,  from  the  ninth  to 
the  tenth  7  ft.  6  in.  The  roll  diameters  in  this  train  are 
so  graduated  that,  when  ground  too  small  for  one  stand, 
a  roll  may  be  used  in  the  next  stand  back.  Each  finish- 
ing mil!  stand  is  driven  by  an  individual  800-hp.  Gen- 
,  eral  Electric  motoi   directly  connected  to  the  top  pinion. 

Equipment  for  Handling  Finished  Material. 

Beyond  the  finishing  roll  train  are  guide  troughs  for 
guiding  material  to  either  the  rotary  shear  or  the  vibra- 
tor ;  if  the  strip  is  to  be  shipped  in  lengths  it  goes  to  the 
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Fig.  1 — General  layout  14-Ln.  hot  strip  mill. 


The  fling  shear  is  an  Edwards  steam  operated  type  ; 
the  width  of  the  knives  is  10  in.  and  the  diameter  of 
the  steam  cylinder  is  12  in. 

The  following  dimensions  apply  to  the  roughing  mill 
train :  center  line  of  roughing  mill  train  to  center  line 
of  west  building  columns  36  ft.  6  in.,  face  of  furnace 
brickwork  to  center  line  of  emergency  shear  5  ft.  6  in., 
floor  line  to  center  line  of  emergency  shears  2  ft.  7  in., 
face  of  furnace  brickwork  to  16-in.  edging  mill  8  ft.  10j4 
in.,  center  line  of  edging  mill  to  center  line  first  roll  stand 
4  ft.  7^  in.,  center  line  iirst  roll  stand  to  center  line  sec- 
ond roll  stand  6  ft.,  second  rolling  stand  to  12-in.  edging 
mill  4  ft.  5J4  in-,  12-in.  edging  mill  to  third  roll  stand 
8  ft.  9yj,  in.,  third  to  fourth  9  in. 

Intermediate  Roll  Train. 

This  train  consists  of  two  stands  of  rolls,  the  fifth 
and  sixth  with  the  same  roll  housings  as  the  roughing 
mill.  The  rolls  are  cast  iron  chilled  to  13  in.  in  diameter 
and  varv  in  diameter  from   13.6  in.  to   13.2  in. ;  all  the 


rotary  shear;  if  it  is  to  be  shipped  in  coils  it  goes  to  the 
vibrator.  The  guide  trough  to  the  rotary  shear  is  straight 
and  has  an  over-all  length  of  16  ft.  61'^  in. ;  two  widths 
are  provided,  6  in.  and  9  in. ;  they  consist  of  two  8-in. 
side  channel,  10  cast  iron  bottom  plates  and  five  steel 
cover-plates.  The  guide  trough  to  the  vibrator  first 
twists  the  material  to  the  vertical  and  then  turns  on  a 
10-ft.  radius  to  an  angle  of  14  deg.  and  18  min.  and  de- 
livers material  to  pinch  rolls  at  the  vibrator. 

Beyond  the  finishing  mill  train  is  a  rotary  shear  de- 
signed to  cut  strip  into  lengths  varying  from  12  ft.  to 
30  ft. ;  this  shear,  which  is  placed  22  ft.  from  the  center 
line  of  the  tenth  roll,  is  equipped  with  two  knives  8  in. 
wide  on  each  rotating  shaft  and  is  driven  bv  a  4-in. 
double  belt.  Between  the  final  belt  and  the  line  shaft 
are  two  belts  running  on  four  conical- pulleys.  The  line 
shaft,  which  is  used  in  common  by  the  rotary  shear  and 
the  vibrator,  is  driven  by  a  S-in.  double  belt  running  on 
a  pulley  on  the  tenth  roll  stand  lead  spindle.  From  the 
rotary   shear  a   Morgan  skelp   conveyor  carries  the  cut 
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lengths  to  the  coohng  bed  which  consists  of  43  cast  iron 
rollers  10  in.  in  diameter  and  8  in.  long.  The  rollers 
are  fastened  to  1  3/16-in.  diameter  shafts  by  two  set 
screws;  the  peripheral  speed  of  the  rollers  vary  from  170 
to  510  fpm. ;  this  conveyor  is  belt  driven  through  one 
gear  reduction  by  a  10-hp.  General  Electric  motor.  Di- 
mensions :  center  line  rotary  shear  to  center  line  double 
pulley  4  ft.  5  in.,  double  pulley  to  first  roller  15  ft.,  center 
line  to  center  line  of  rollers  2  ft.  6  in.,  floor  line  to  top 
of  first  roll  2  ft.  Syi  in.,  floor  line  to  top  of  last  roll  5 
ft.  2  in.  The  conveyor  terminates  in  two  piling  rolls  10 
in.  in  diameter  by  8  in  long,  with  a  peripheral  speed  vary- 
ing from  246  to  738  fpm. ;  from  the  center  line  of  the 
last  table  roller  to  the  center  line  of  piling  rolls  is  4  ft. 
4  in. ;  the  piling  rolls  are  driven  by  a  5^-hp.  General 
Electric  motor. 

The  cooling  bed  is  a  Morgan  skelp  type  with  re- 
ciprocating dogs.  From  the  center  line  of  the  rotary 
shear  to  the  cooling  bed  is  116  ft.  2  in. ;  the  width  of  the 
cooling  bed  from  the  center  line  of  the  skelp  conveyor 
to  the  center  line  of  the  pile  conveyor  is  28  ft.  5  in. ;  the 
length  is  30  ft.  6  in.  There  are  eight  lines  of  dogs 
spaced  16  in.  apart  with  a  stroke  of  I8J/2  in. ;  the  stroke 
of  the  skelp  conveyor  kick-off  is  221/^  in. ;  the  dogs  and 
kick-off  are  operated  through  clutches  from  the  same  gear 
reduction  driven  by  a  20-hp.  General  Electric  motor. 
Piles  of  cut  lengths  are  tied  before  leaving  the  cooling 
bed. 

The  pile  conveyor  conveys  the  tied  piles  to  twin 
scales;  this  conveyor  consists  of  13  cylindrical  rollers  15 
in.  in  diameter  by  12  in.  long,  and  11  double  conical 
rollers  13  in.  long  with  15-in.  center  diameter  and  lOj^- 
in.  end  diameters.  The  double  conical  rollers  are  ar- 
ranged to  dump  on  either  side  on  the  twin  scales;  their 
peripheral  speed  is  66  fpm. ;  they  are  belt  driven  from 
a  drop  pulley  driven  through  worm  reduction  by  a  10-hp. 
dc.  motor.  From  the  center  line  of  the  cooling  bed  to 
the  center  line  of  the  scales  is  31  ft.  9  in.  The  scales 
have  a  capacity  of  30  tons;  their  platforms  are  30  ft. 
long  and  there  are  11  cast  iron  storage  bins  for  each 
scale. 

From  the  guide  troughs  material  which  is  to  be  ship- 
ped in  coils  goes  to  the  vibrator ;  this  is  a  device  for  dis- 
tributing strip  in  a  serpentine  form  upon  an  apron  con- 
veyor. Strip  is  driven  through  the  vibrator  by  two 
pinch  rolls  14  in.  in  diameter  by  5yi  in.  long,  having 
peripheral  speed  varying  from  1130  to  2260  fpm.  The 
vibrator  itself  may  have  from  110  to  220  vibrations  per 
minute  with  variable  lengths  of  vibrations ;  it  is  driven 
by  an  eccentric,  which  in  turn  is  driven  by  a  belt  from 
the  same  line  shaft  as  the  rotary  shear.  From  the  cen- 
ter line  of  the  tenth  roll  to  the  center  line  of  the  vibrator 
is  30  ft.  33^  in. ;  from  the  center  line  of  the  mill  to  the 
center  line  of  the  vibrator  is  3  ft.  10  in.  The  apron  con- 
veyor takes  the  strip  in  a  serpentine  form  from  the  vibra- 
tor to  the  reels  and  acts  as  a  cooling  bed ;  it  is  driven 
through  a  reduction  gear  by  a  10-hp.  dc.  motor.  Dimen- 
sions:  vibrator  to  foot  shaft  10  ft.  3  in.,  foot  shaft  to 
head  shaft  70  ft.  lyi  in.,  floor  line  to  top  of  conveyor  at 
foot  shaft  2  ft.  4^)4  in.,  at  head  shaft  2  ft.  1  in.  .\t  the 
head  shaft  of  the  apron  conveyor  are  two  reels  for  coil- 
ing the  strip ;  these  reels  have  collapsible  cores  raised 
and  lowered  by  link  crank  rod  and  eccentric  driven  by 
individual  15-hp.  dc.  motor.  The  reels  themselves  are 
driven  by  individual  15-hp.  dc.  motors,  with  speed  vary- 
ing from  72  to  288  rpm.  and  are  equipped  with  a  pull- 
over device  for  transferring  coils  to  the  muffle  conveyor; 
this  pull-over  consists  of  a  IJ^-in.  square  bar  14  in.  long 


suspended  by  I  beam  monorail  and  having  a  dog  on  one 
end  to  hook  coils ;  this  bar  is  driven  forward  and  back 
by  motor  operated  pinch  rolls  with  a  speed  of  30  rpm. ; 
the  pinch  rolls  are  driven  through  worm  reduction  by  12- 
hp.  dc.  motor.  Dimensions :  center  line  of  vibrator  to 
center  line  reels  88  ft.  9  5/16  in.,  center  line  mill  to  cen- 
ter line  4  ft.  6  in.,  diameter  of  collapsible  cores  2014  in., 
diameter  of  revolving  top  3  ft.  9  in.,  diameter  of  pinch 
rolls  9J4  in. 

Two  muffle  conveyors  of  the  chain  and  dog  type, 
located  side  by  side,  receive  coils  from  reels  and  convey 
them  through  a  partially  deoxidized  atmosphere  and  de- 
liver them  to  trucks;  the  muflle  effect  is  secured  by 
water-cooled  covered  plates.  At  the  end  of  main  con- 
veyor, short  inclined  chain  conveyors  lower  the  coils 
onto  trucks ;  each  conveyor  is  driven  through  gear  reduc- 
tion by  a  12-hp.  ac.  motor.  Dimensions :  center  line  reels 
to  the  nearest  conveyor  4  ft.  9  in.,  conveyors  center  line 
to  center  line  5  ft.  9  in.,  center  line  conveyors  to  center 
line  of  building  colunms  12  ft.  2^  in.  Speed  of  chain 
350  fpm.  Length  of  conveyor,  center  line  of  reels  to 
center  line  of  head  shaft,  116  ft.  4  3/16  in. 

Motor-Room. 

The  motor-room  is  located  in  the  mill  building  on 
the  east  side,  260  ft.  from  the  north  end  columns  with 
a  length  of  140  ft.  and  a  width  of  43  ft.  9j^4  in.  The 
walls  are  brick  and  the  roof  is  of  corrugated  sheeting, 
removable  to  admit  crane  hooks  into  motor-room.  All 
mill  driving  motors,  two  2,300-kw.  motor  generator  sets, 
exciter,  and  a  Spracco  air  washer  are  in  the  motor- 
room. 

Electric  Equipment. 

The  electric  equipment  is  all  furnished  by  the  Gen- 
eral Electric  Company.  The  roughing  stand  and  the 
intermediate  stand  are  driven  by  two  1,250-hp.  175-350 
/pm.  dc.  motors.  The  last  four  stands,  which  constitute 
the  finishing  mill,  are  each  driven  by  800-hp.  dc.  motors, 
with  speed  varying  from  200  rpm.  to  250  rpm.  These 
motors  obtain  their  power  at  600  volts,  dc,  from  two 
motor  generator  sets,  type  MCF  12,  450  rpm.,  600  volts, 
2,300  kw.  compound  wound,  each  driven  by  a  3,300-kva. 
450-rpm.  220-volt  motor. 


CORROSION  OF  FERROUS  METALS 

A  paper  was  read  before  the  Institution  of  Civil 
Engineers,  in  which  the  author.  Sir  Robert  A.  Hat- 
field, referred  to  tests  made  with  fourteen  different 
types  of  ferrous  metals.  They  included  irons  (rolled 
and  forged),  carbon  steels,  special  steels,  and  cast  irons, 
and  were  represented  1,330  separate  specimens,  24  in. 
X  3  in.  X  /4  in. 

The  tests  were  carried  out  on  a  total  number  of  182 
test-pieces,  and  particulars  of  the  tests  are  given.  The 
nature,  chemical  composition  and  other  qualities  were 
discussed,  and  in  the  case  of  non-rusting  steel,  the  re- 
sistance to  corrosion,  when  constantly  wetted  by  sea- 
spray,  depends  upon  its  physical  constitution. 

The  author  discussed  the  various  theories  of  cor- 
rosive action,  and  the  addition  of  copper  to  steel,  for 
the  purpose  of  preventing  or  mitigating  corrosion,  was 
not  generally  advised.  Examples  were  given  of  special 
steels  possessing  great  resistance  to  corrosion,  and 
specimens  of  historical  interest  were  described. 


lune,  1922 


IneDlasf  himacp^^jfeel  rianf 


329 


Wheeling  Steel  Corporation  Construct  New 

Power  Plant 

A  Detailed  Description  of  the  Modern  Power  Station  Constructed 
at  the  Whitaker-Glessner  Plant,  Wheeling,  W.  Va. — Many  Un- 
usual Features  Mark  the  Plant. 

By  THOS.   G.  ESTEP 

Associate  Professor  Mechanical  Engineering, 
Carnegie  Institute  of  Technology 


ANEW  power  plant  has  recently  been  put  in  oper- 
ation at  the  Whitaker-Glessner  Plant  of  the 
Wheeling  Steel  Corporation  at  Wheeling,  West 
\  irginia.  Engineers  are  always  interested  in  how 
others  ha\  e  solved  their  problems  but  a  description 
of  the  plant  should  prove  doubly  interesting  to  the 
profession  on  account  of  its  many  unusual  features. 

At  the  present  time,  and  for  some  time  past  the 
mills  of  the  \\'hitaker-Glessner  Company  have  been 
undergoing  complete  reconstruction  for  the  purpose  of 
making  them  more  modern  and  efficient  and  to  greatly 
increase  their  capacity,  the  product  being  chiefly  sheets 
and  black  plates. 

This  rebuilding  and  increase  in  cajjacity  has  made 
a  new  power  plant  necessary  and  the  engineering  fea- 
tures entering  into  its  design  and  construction  are 
based  on  the  years  of  experience  of  the  company  engi- 
neers in  meeting  the  needs  for  power,  light  and  heat 
for  this  branch  of  the  steel  industry. 

Location. 

When  a  plant  is  located  in  a  river  town  like  \\  heel- 
ing, one  would  naturally  expect  to  find  it  situated  on 
the  river  bank  so  as  to  secure  all  the  advantages  of 
a  navigable  stream  ;  such  as  an  abundant  supply  of 
water  and  water  transportation  for  fuel.  But  this 
plant  is  some  distance  from  the  river — in  fact — far 
enough  away  so  that  no  benefits  are  derived  from  the 
stream.  There  are  two  reasons  for  this.  First,  due 
to  railroads,  etc.,  no  space  was  available  along  the  river 
bank.  Although  this  first  reason  is  conclusive  enough. 
the  second  is  equally  good,  viz.,  that  the  company  has 
its  own  coal  mine,  the  drift  mouth  being  in  the  hill- 
side above  the  boiler  house.  The  advantage  of  having 
the  coal  delivered  in  the  mine  cars  directly  from  the 
pit  mouth  to  the  coal  crusher  far  outweighed  any  ad- 
vantage that  might  be  secured  from  a  location  near  the 


river,  particularly  when,  for  the  present,  the  plant  is  tn 
be  operated  non-condensing. 

The  site  selected  also  has  the  advantage  of  being 
centrally  located  with  respect  to  the  mills  so  that  long 
steam  and  transmission  lines  are  avoided. 

A  part  of  the  hillside,  which  is  very  precipituous, 
had  to  be  removed  to  provide  space  for  the  buildings, 
and  since  this  involved  solid  rock  excavation,  ever\' 
possible  advantage  was  taken  of  the  topography  in 
establishing  the  floor  lines  so  as  to  have  as  little  ex- 
cavation as  possible.  A  glance  at  the  section  in  Fig- 
ure 2  shows  how  this  idea  was  carried  out. 

Buildings. 

All  the  buildings  are  of  steel  frame  work  covered 
with  corrugated  galvanized  iron.  Practically  all  of 
this  plant  was  constructed  during  the  highest  of  the 
tvar  prices,  and  although  a  Ijrick  building  had  been 
originally  contemplated  and  designed,  the  cost  at  that 
time  proved  prohibitive  and  the  cheaper  construction 
was  resorted  to.  The  design  is  such,  however,  that 
the  brick  walls  can  be  built  at  any  time  without  any 
interruption  to  the  operation  of  the  plant. 

The  boiler  room  is  143  feet  long  and  58  feet  wide 
with  basement.  The  engine  room  is  100  feet  long  by 
52  feet  wide  and  is  also  provided  with  basement.  The 
electrical  repair  shop  which  is  mider  the  same  roof  as 
the  engine  room  and  served  by  the  same  crane  occu- 
pies a  space  43  feet  by  52  feet. 

Boilers. 

The  boiler  room  contains  four  Connelley  boilers 
having  8,290  square  feet  of  effective  heating  surface 
and  designed  for  a  working  pressure  of  200  pounds 
per  square  inch  gauge.  The  boilers  are  of  the  standard 
type  with  the  standard  location  of  baffles.  An  inter- 
esting feature  in  connection   with   the  baffling  is  the 
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method  of  supporting  the  middle  pass  baffle.  Instead 
of  this  resting  on  the  regulation  cast  iron  frame,  a 
piece  of  extra  heavy  pipe  has  been  substituted,  which 
is  patented,  the  ends  of  this  pipe  being  open  and  ex- 
tending out  through  the  boiler  walls.  The  -free  air 
circulation  through  the  pipe  prevents  overheating  and 
warping.  ]f  necessary,  one  end  of  the  pipe  can  be 
carried  u])  towards  the  to])  of  the  b(jiler,  this  producing 
a  stack  effect  and  securing  more  rapid  air  circulation. 

The  baffle  openings  are  shown  in  figure  2  and  are 
arranged  to  give  best  results  when  the  boilers  are  oper- 
ated at  from  150  to  175  per  cent  of  their  rated  capacity. 

Boilers  numbers   1   and  2  are  fitted  with  Westing- 


designed  to  give  100  deg.  F.,  superheat  at  200  pounds 
per  square  inch  gauge  pressure,  when  boilers  are  oper- 
ating at  100  per  cent  of  their  rated  capacity  and  the 
moisture  in  the  steam  does  not  exceed  one  per  cent. 
This  corresponds  to  a  total  steam  temperature  of  488 
deg.  F. 

All  boilers  are  fitted  with  Vulcan  soot  blowers,  there 
being  seven  elements  in  each  boiler.  In  addition  to 
the  regular  cast  iron  sheathing,  the  elements  located 
in  the  first  pass  are  further  protected  from  the  high 
temperature  gases  by  tile  baffles. 

The  boiler  settings  are  all  covered  with  "F.vertite" 
a  plastic  material  used  to  prevent  air  leakage. 


Fig.  1— Plan  view  of  plant  showing  location  of  mine  tracks,  coal  tipple,  water  softening  plant  and  ash  storage  in  relation 

to  main  plant. 


house  underfeed  stokers  having  8  retorts  per  boiler. 
The  stoker  drive  consists  of  two  Westinghouse  en- 
gines arranged  so  that  either  engine  can  drive  the  two 
boilers,  either  separately  or  combined,  thus  insuring 
maximum  flexibility.  The  stokers  have  an  actual  grate 
area  of  153  square  feet  and  a  projected  area  of  142 
square  feet.  This  corresponds  to  a  grate  surface  ratio 
of  54  and  58.3  respectively.  The  boilers  are  set  well 
above  the  grates,  the  center  line  of  the  mud  drum  being 
8  feet  above  the  dump  grates.  This  gives  a  furnace 
volume  of  about  2.2  cubic  feet  per  rated  horse  power 
of  boiler. 

One  boiler  is  equipped  with  the  Drake  non-clinker- 
ing  furnace  lining  which  has  proven  very  satisfactory. 
The  boilers,  however,  have  not  as  yet  been  operated 
at  high  rating  for  any  great  length  of  time. 

Each  boiler  is  equipped  with  a  Foster  Superheater 
having   1064  square  feet  of  superheating  surface  and 


Boiler  number  4  has  not  been  bricked  in  as  yet, 
pending  the  results  of  the  experiments  with  powdered 
coal  now  being  conducted  on  boiler  number  3. 

There  were  no  exceptional  engineering  considera- 
tions which  lead  to  the  selection  of  the  above  men- 
tioned type  of  boilers,  stokers  and  superheaters.  At 
present  the  load  on  the  plant  is  not  very  heavy  and 
the  system  of  operation  is  to  operate  one  boiler  con- 
tinuously at  from  150  to  175  per  cent  of  its  rated  ca- 
pacity and  take  care  of  the  fluctuations  in  the  load  on 
the  other  boiler. 

A\'ith  number  4  boiler  eventually  bricked  in  and 
equipped  with  either  powdered  coal  or  a  stoker,  the 
capacity  of  the  boiler  plant  will  be  sufficient  to  take 
care  of  the  requirements  for  several  years,  with  one 
boiler  as  a  spare.  No  especial  provision  was  made  for 
extending  the  boiler  plant  in  the  near  future  as  this 
is  not  contemplated. 
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Feed  Pumps  and  Heaters. 

A  space  between  boilers  numbers  2  and  3  was 
provided  for  the  location  of  the  boiler  feed  pumps, 
water  heater  and  instrument  room. 

There  are  three  Frederick  centrifugal  boiler  feed 
pumps,  direct  connected  to  50  horsepower  Terry  tur- 
bines. They  have  a  capacity  of  150  gallons  per  minute 
when  operating  at  their  normal  speed  of  2,800  rpm. 
Each  pump  can  take  care  of  about  2,500  boiler  horse- 
power (maximum)  so  that  two  pumps  will  provide  for 
about  200  per  cent  of  the  rated  capacity  of  the  three 
boilers.  Conditions  of  operation  are  such  that  it  is 
expected  to  have  one  pump  in  reserve  at  all  time. 


In  the  summer  months  all  the  exhaust  steam  from 
the  engines  and  auxiliaries  goes  through  the  open 
heater.  In  the  winter  exhaust  steam  is  used  for  heat- 
ing the  various  parts  of  the  power  plant,  the  excess 
going  to  the  heater. 

Draft  Apparatus. 

Forced  draft  for  the  Westinghouse  stokers  is  fur- 
nished by  two  turbine  driven  fans,  operating  at  1,700 
rpm,  the  turbines  being  furnished  by  the  Westinghouse 
Company  and  the  fans  by  the  Green  Company.  Dur- 
ing the  summer  months  the  fans  take  air  directly  from 
the  fan  room,  but  in  the  winter  when   the  fan   room 
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Fig.  2 — Cross  section  showing  how  advantage  was   taken  of  the  topography  in  establishing  floor  levels. 


A  Cochrane  combined  open  feed  water  heater  and 
"V"  notch  weir  having  a  capacity  of  225,000  pounds 
of  hot  water  per  hour  is  located  directly  above  the  feed 
pumps  so  that  there  is  always  a  positive  suction  head 
of  approximately  14  feet.  The  capacity  of  the  heater 
is  such  that  it  will  exactly  supply  the  three  feed  pumps? 

Installed  in  the  main  exhaust  header  line  which  is 
24  in.  in  diameter  is  a  Klipfel  back  pressure  valve 
which  is  to  be  used  for  regulating  the  pressure  to  the 
Skinner  heaters  and  the  water  softening  plant  for  heat- 
ing purposes.  In  the  vertical  line  leading  to  the  heater 
is  a  Cochrane  multiport  back  pressure  valve  set  so 
that  the  back  pressure  at  the  engine  is  about  a  pound 
or  a  pound  and  a  half,  just  enough  to  force  the  steam 
to  the  heater. 


must  be  heated,  the  air  for  the  fans  is  taken  from  the 
outside,  a  single  suction  duct  serving  both  fans. 

Each  fan  has  sufficient  capacity  for  two  boilers  and 
thev  are  connected  in  such  a  way  that  either  fan  can 
serve  either  boiler  or  both  boilers. 

Space  has  been  provided  for  the  installation  of  two 
similar  units  for  boilers  numbers  3  and  4  for  which 
stokers  have  been  purchased,  however,  if  the  powdered 
coal  turns  out  as  anticipated  two  of  the  stokers  will 
not  be  installed.  Natural  draft  is  furnished  by  a  brick 
chimnev  14  feet  inside  diameter  at  the  top  and  about 
200  feet  high  above  the  grates.  The  chimney  was 
built  by  the  H.  R.  Heinicke  Company.  The  plan  view 
of  the  plant  shows  the  location  of  the  chimney  with 
reference  to  the  plant. 
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Coal  and  Ash  Handling. 

The  coal  and  ash  handling  ccjuipment  was  furnished 
by  Webster  Manufacturing  Company. 

The  coal  comes  from  the  pit  mouth  to  the  coal 
tipple  in  the  mine  cars  and  is  dumped  onto  a  screen, 
the  fine  coal  going  directly  to  an  apron  conveyor,  the 
lump  coal  passing  to  a  two  roll  Heyl  &  Patterson 
motor  driven  crusher  and  thence  to  the  apron  conveyor. 
This  conveyor  discharges  the  coal  on  the  belt  conveyor 
which  carries  it  up  and  into  the  coal  bunker. 

The  coal  handling  equipment  has  a  capacity  of  60 
tons  per  hour.  The  belt  is  18  inches  wide  and  about 
670  feet  long.  It  travels  at  the  rate  of  250  feet  per 
minute  and  rises  3}i  inches  in  12  inches  or  an  angle 
of  about  18  deg.  The  total  rise  of  the  belt  conveyor  is 
about  50  feet.  The  bunker,  which  is  steel,  bituniastic 
lined,  has  a  capacity  of  700  tons  and  by  doing  some  hand 
shoveling  the  capacity  can  be  increased  to  800  tons. 

The  coal  is  spouted  from  the  bunker  to  a  traveling 
weighing  hopper  where  it  is  weighed  and  the  weight  re- 
corded. After  weighing  the  coal  is  spouted  tu  the 
stoker  hoppers. 

The  ash  and  clinker  from  the  boiler  furnaces  drop 
into  a  tire  brick  lined  cast  iron  hopper  provided  witli 
a  water  sprinkler  which  can  be  operated  either  from 
the  boiler  room  or  ash   tunnel  floor  level.     This  ash 


hopper    is    provided    with    poke    holes   and    explosion 
doors. 

The  ash  drops  through  a  hand  operated  gate  into 
a  side  dump  buggy  which  holds  one  cubic  yard.  This 
buggy  is  then  taken  out  through  the  ash  tunnel  into 
the  yard  by  means  of  a  Mercury  electric  locomotive 
operated  by  storage  batteries  and  the  ash  is  dumped 
into  a  ])it  covered  by  a  coarse  grid  witli  12-in.  sipiare 
lipenings.  The  ashes  then  ])ass  from  this  ])it  through  a 
hand  operated  gate  into  the  skip  hoist,  having  a  ca- 
jnicity  of  40  cubic  feet,  which  delivers  them  into  an 
ash  storage  bin  of  5,900  cubic  feet  capacity,  from  which 
they  can  be  spouted  into  railroad  cars. 

The  cross  section  of  the  boilers  shows  a  duct  lead- 
ing from  the  duct  space  back  of  the  bridge  wall  to  the 
boiler  ash  hopper.  This  is  a  circular  duct  and  is  closed 
at  the  top  by  a  hollow  14  in.  cast  iron  hall  which  can 
be  rolled  aside  and  the  dust  removed.  When  the  ball 
is  in  place  air  leakage  is  prevented  when  ashes  are 
being  removed  from  the  hopper. 

Water  Softening  Plant. 

The  water  softening  plant  was  furnished  by  the 
International  Filter  Company  and  has  a  capacity  of 
27.000  gallons  of  treated  water  per  hour. 

Water  from  the  city  mains,  which  is  untreated  river 
water,   is   first    treated   with    alum    in    the   coagulating 
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Fig.  3 — Cross  section  of  pulverized  coal  furnace. 
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Fig.  4 — Plan  view  of  water  softening  plant. 


tank  which  is  11  feet  diameter  and  22  feet  high.  The 
water  from  this  tank  is  then  treated  with  lime  and  soda 
and  passes  to  the  settling  tank  which  is  30  feet  di- 
ameter and  22  feet  high.  Water  then  passes  from  the 
settling  tank  through  sand  filters  to  the  clear  water 
basin  which  forms  part  of  the  softening  plant  founda- 
tion. The  clear  water  basin  has  a  capacity  of  52,000 
gallons. 

In  a  pit  at  the  base  of  the  clear  well  are  installed 
two  motor  driven  2  stage  Worthington  centrifugal 
pumps  having  a  capacity  of  300  gpm,  each.  These 
pumps  are  supplied  tmder  a  positive  suction  head  and 
deliver  the  water  to  the  feed  water  heater,  or  when 
the  heater  is  being  cleaned  or  repaired,  direct  to  the 


boiler  feed  pumps.  Since  the  clear  water  pumps  have 
a  capacity  of  300  gpm.,  one  is  held  in  reserve. 

The  entire  operation  of  the  filtration  plant  is  auto- 
matic. Tests  of  the  treated  water  are  made  twice  daily 
and  changes  made  in  the  strength  of  the  chemical 
solutions  accordingly,  but  the  proportioning  of  the 
solutions  to  the  water  is  entirely  automatic.  The  treat- 
ment is  intermittent,  a  new  batch  of  water  being  treated 
automatically  as  needed. 

A  small  electric  elevator  is  used  to  bring  the  chem- 
icals from  the  car  at  the  yard  level  up  to  the  mixing 
platform.  As  the  plan  and  sections  of  this  softening 
plant  show,  every  advantage  was  taken  of  the  topo- 
graphy. 
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It  proposed  to  install  a  50,000  gallon  storage  tank 
on  the  hillside  above  the  boiler  room.  The  clear  water 
centrifugal  pumps  will  deliver  water  to  this  tank  and 
will  be  controlled  by  a  float  so  that  their  operation  will 
he  intermittent  but  at  full  capacity  instead  of  contin- 
uous at  reduced  capacity  as  at  present.  The  treated 
water  will  then  flow  by  gravity  from  this  new  storage 
t.'ink  to  the  heater  or  boiler  feed  pumps. 

Powdered  Coal. 

At  the  present  time  powdered  coal  for  boilers  is 
receiving  a  great  deal  of  attention  from  the  engineer- 
ing profession  so  that  a  description  of  what  is  being 
(lone  along  this  line  at  this  plant  will  no  doubt  prove 
very  interesting. 

Figure  ^  shows  a  cross  section  of  number  3  boiler 


The  foundation  of  this  boiler  was  built  to  receive 
a  AVestinghouse  stoker  so  that  the  bottom  of  the  com- 
bustion chamber  was  made  to  conform  to  this  and  no 
especial  significance  is  attached  to  its  shape. 

Coal  is  spouted  from  the  bunker  to  a  size  G  Aero 
pulverizer  having  a  capacity  of  6,000  pounds  of  coal 
per  hour.  The  pulverizer  is  driven  at  1,450  rpm,  by  a 
Westinghouse  turbine. 

The  coal  from  this  pulverizer  rises  vertically  in  a 
single  duct,  passes  over  to  the  top  of  the  boiler  and 
enters  through  four  branches. 

In  starting  up  the  boiler,  ignition  is  accomplished 
by  using  natural  gas. 

As  before  mentioned,  this  installation  is  still  in  the 
experimental  stage  and  the  work  which  has  been  done 
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Fig.  5 — Section  of  water  softening  plant. 


as  it  is  now  equipped  for  the  burning  of  powdered 
coal.  It  must  be  understood  that  this  work  is  in  the 
experimental  stage  and  that  the  final  arrangement  may 
differ  greatly  from  the  present  scheme. 

The  front  wall  of  the  boiler  has  been  moved  out 
about  five  feet  in  order  to  provide  a  large  combustion 
chamber,  giving  a  volume  of  over  5  cu.  ft.  per  rated  hp 
of  boiler. 

At  the  top  of  the  combustion  chamber  is  a  water 
cooled  flat  suspended  arch  which  is  patented.  Pow- 
dered coal  along  with  the  air  for  combustion  is  ad- 
mitted through  this  flat  arch  in  four  places  as  shown, 
the  fuel  being  directed  vertically  downward. 


so  far  was  of  a  preliminary  nature  so  that  no  test  data 
are  available. 

So  far  the  performance  has  been,  in  general,  very 
satisfactory.  No  serious  trouble  has  resulted  from 
slaging,  the  capacity  secured  from  the  boiler  has  been 
high  and  judging  from  flue  gas  temperature  and  an- 
alysis the  efficiency  is  high.  Minor  details  in  the 
technique  are  being  solved  at  present  and  it  is  hoped 
that  test  data  may  be  available  later  to  the  readers 
of  Blast  Furnace  and  Steel  Plant. 

Engines. 

The  engine  room  contains  two  24  in.  x  42  in.  Nerd- 
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berg  uniflow  engines  operating  at  125  rpm,  and  direct 
connected  to  600  kw  dc  Westinghouse  generators  oper- 
ating at  250  volts.  These  engines  receive  steam  at  200 
pounds  per  square  inch  gauge  pressure  superheated 
100  deg.  F.,  and  exhaust  against  a  back  pressure  of 
2.5  j)ounds  per  square  inch  gauge. 


The  considerations  leading  to  the  selection  of  uni- 
flow engines  instead  of  turbines  or  duo-flow  engines 
was  largely  a  matter  of  the  final  cost  of  power. 

Whether  superheated  steam  was  to  be  used  or  not 
was  decided  by  using  guaranteed  water  rates  for  both 
saturated  and  superheated  steam  and  figuring  final 
power  costs,  an  advantage  was  shown  for  the  super- 
heated steam.  There  was  also  the  advantage  of  having 
dry  steam  in  the  long  steam  lines  in  the  mill. 

Several  factors  entered  into  the  decision  to  operate 
the  engines  non-condensing. 

The  only  available  water  supply  at  present  is  city 
water  which  is  now  comparatively  cheap  because  it 
is  raw  river  water.  The  city  of  Wheeling  is  now  plan- 
ning the  installation  of  a  filtration  plant  which  will 
increase  the  cost  of  water.  Keeping  this  in  mind  and 
considering  the  present  size  of  the  plant,  the  actual 
gain  due  to  condensing  was  rather  uncertain  so  that 
for  the  present,  at  least,  it  was  decided  to  operate  non- 
condensing. 

With  the  advent  of  filtered 
city  water,  it  is  proposed  to  in- 
crease the  pumping  capacity  at 
one  of  the  other  plants  of  the 
Corporation  which  is  located  at 
the  river's  edge  and  then  this 
plant  will  supply  raw  water  to 
the  several  ]ilants  in  this  dis- 
trict. \\'hen  this  is  done  and 
the  third  engine  installed,  the 
plant  will  lie  operated  con- 
densing. 


There  is  also  one  old  style, 
Erie  City  four  valve  engine, 
size  21  in.  x  21  in.,  operating  at 
185  rpm,  and  direct  connected 
to  a  275  kw,  250  volt  dc  Crocker 
Wheeler  generator. 

The  engine  receives  steam 
from  the  main  steam  header 
through  a  reducing  valve  where 
the  pressure  is  reduced  to  140 
pounds  per  square  inch  gauge. 

The  Erie  City  engine  had 
already  been  in  service  in  the 
plant  and  was  moved  to  its  new  location. 

An  interesting  feature  in  this  connection  is  that  this 
small  engine  rests  on  a  foundation  already  prepared, 
for  the  third  Nordberg  uniflow,  which  will  be  installeil 
when  load  conditions  are  such  as  to  make  it  necessirv. 

In  the  engine  room,  there  is  also  a  Westinghouse 
225  hp,  mg,  set  supplying  direct  current  at  500  volts 
for  the  mine  locomotive  and  coal  cutting  machines. 

The  two  wire  system  is  used  entirely.  The  switch- 
board contains  ten  power  distributing  panels  and  two 
lighting  panels. 

The  engine  room  and  electrical  repair  shop  is  served 
by  a  10-ton  hand  operated  crane. 

Located  in  the  steam  line  near  the  uniflow  engines 
are  large  Cochrane  receiver  separators  having  a  volume 
of  about  six  times  the  piston  displacement. 

The  main  steam  line  to  each  engine  is  provided  with 
a  quick  closing  electrically  operated  Falls-Engine- 
Stop  which  is  closed  automaticalh-  by  over  speeding 
and  can  also  be  closed  by  push  buttons  conveniently 
located. 


Figs.  1-2-3 — General  views  of  Webster  Manufacturing 
Company's  coal  and  ash  conveyor  system  installed 
in  the  Wheeling  plant. 

Instruments. 

The   electrical    switchboard    is    equipped    with    the 
usual  indicating  and  totalizing  instruments. 

Each    boiler    is    equipped    with    the    Bailey    Boiler 
Meter  giving  the  steam  flow,  air  flow  and  stack  tern- 
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perature  on  the  one  chart.  In  addition  two  porcelain 
scales  are  provided  upon  which  arc  indicated  the  steam 
flow  and  furnace  draft.  This  instrument  is  mounted 
directly  on  the  boiler  front  for  the  use  of  the  fireman. 
.An  instrument  room   has  been  built   in   the  boiler 


Fig.  9 — Chart  from  the  Hay's  CO.  recorder  connected  to  one 
of  the  stoker  fired  boilers.  Note  the  uniformity  of  the  COs 
content  which  indicates  that  the  boiler  is  well  managed. 


Fig.  10 — Chart  from  the  Hay's  CO;  recorder  connected  to  the 
powdered  coal  fired  boiler.  The  COj  content  in  addition 
to  being  high  shows  an  average  variation  of  only  about 
one  per  cent  which  indicates  remarkably  efficient  control. 

room  in  the  space  between  boilers  numbers  two  and 
three.  Located  in  this  room  are  the  usual  recording 
thermometers  and  pressure  gauges. 

The  Hays  carbon  dioxide  recorders  are  used,  one 
recorder  for  each  boiler. 


Republic  steam  flow  meters  are  used  on  the  steam 
distribution  lines  to  the  engines  and  mills. 

To  secure  satisfactory  operation  of  the  flow  meters 
on  the  lines  to  the  reciprocating  engines,  where  there 
is  a  pulsating  flow,  a  thin  plate  orifice,  having  an  area 
'>{  80  per  cent  of  the  area  of  the  steam  line  was  placed 
between  the  special  pitot  tube  and  the  engine.  This 
orifice,  along  with  the  large  receiver  separators  reduced 
the  pulsations  enough  to  make  reasonably  accurate 
measurements  possible.  The  indicating  and  record- 
ing devices  of  the  Republic  meters  are  also  located  in 
the  instrument  room. 

The  Carrick  Combustion  Control  is  used  on  all  of 
the  boilers.  This  control  is  actuated  by  a  change  in 
the  steam  pressure  and  varies  the  speed  of  the  stoker 
engine,  the  position  of  the  boiler  damper  and  the 
amount  of  air  supplied  by  the  forced  draft  fans.     This 


Fig.  11 — Chart  from  the  Republic  Flow  Meter  on  the  main 
steam  line  to  the  Uniflow  engine.  This  engine  carries  a 
fluctuating  load  which  accounts  for  the  width  of  the  record 
line.  By  the  use  of  a  throttle  disc  and  a  large  receiver, 
pulsations  have  been  almost  entirely  eliminated. 

latter  quantity  is  changed  by  a  damper  in  the  air  duct 
rather  than  by  changing  the  fan  speeds. 

It  was  felt  that  better  economy  could  be  secured 
by  operating  the  turbine  at  constant  speed  and  varying 
the  load  than  by  changing  the  speed. 

The  method  of  control  of  the  boiler  burning  pul- 
verized coal  may  prove  interesting.  An  auxiliary 
regulator  actuated  by  the  main  regulator  control 
dampers  in  the  air  supply  to  the  pulverizer.  This 
auxiliary  regulator  also  controls  the  supply  of  pul- 
verized coal  by  regulating  the  speed  of  the  coal  feeder. 
-Anothei*  regulator,  actuated  by  the  furnace  pressure, 
controls  the  lireeching  damper,  maintaining  a  constant 
negative  pressure  in  the  combustion  chamber. 

Piping. 

The  piping  layout  was  made  by  the  company  engi- 
neers and  erected  by  the  American  Foundry  and  Con- 
struction Company.  Bends  were  used  whereever  pos- 
sible instead  of  fittings  and  Van  Stone  joints  were  used 
throughout.  The  covering  was  all  done  by  the  Johns- 
Manville  Company. 
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There  is  one  commendable  feature  in  connection 
with  the  piping.  There  are  no  valves  or  fittings  which 
cannot  be  conveniently  reached,  either  from  the  floor 
or  a  gallery.  The  writer  does  not  recall  seeing  a  plant 
as  well  equipped  with  galleries  as  this  one. 

All  drips  and  drains  are  taken  care  of  by  Bundy 
(raps  discharging  back  to  the  feed  water  heater. 

An  interesting  feature  in  connection  with  the  steam 
traps  is  that  their  operation  was  not  entirely  satis- 
factory at  the  full  main  pressure  of  200  pounds  per 
square  inch,  so  that  reducing  valves  were  installed  in 
the  main  drain  headers  where  the  pressure  is  reduced 
to  75  pounds  per  square  inch.  The  traps  now  operate 
\'erv  satisfactorily. 


All  of  the  piping  is  painted,  a  definite  color  scheme 
being  carried  out  so  that  the  piping  can  be  readily  iden- 
tified. 

In  putting  this  plant  in  operation  it  has  been  re- 
markably free  from  the  various  troubles  incident  to 
a  new  plant  which  only  goes  to  show  that  a  great  deal 
of  care  and  consideration  was  given  to  the  selection  and 
installation  of  equipment. 

In  conclusion,  it  might  be  interesting  to  note  that 
a  Nordberg  twin  uniflow  engine  has  just  been  installed 
in  the  tin  plate  mill  serving  six  stands  of  rolls.  The 
engines  are  exact  duplicates  of  the  ones  in  the  power 
plant,  all  of  the  parts  being  interchangeable. 


Progress   in   Pulverized  Fuel  Firing 

Code  Recommended  for  Adoption  by  the  Carnegie  Steel  Company 
in  the  Handling  of  Pulverized  Coal  Presented — Many  Points  of 
Unnecessary  Danger  Have  Been  Eliminated. 

By  F.  J.  CROLIUS 
Steam  Engineer,  Carnegie  Steel  Company,  Homestead  Works 


PULVERIZED  fuel  firing  is  moving  forward  stead- 
ily. The  progress  now  being  recorded  will  be  per- 
manent— as  each  year  places  a  firmer  foundation 
under  existing  knowledge  structure ;  facts  deduced  from 
experience  have  taken  the  place  of  theories  developed 
in  enthusiasms. 

Many  claims  have  been  made  for  the  advantage  of 
fuel  fired  in  suspension  over  fuels  fired  in  solid  form, 
and  not  enough  stress  was  laid  upon  certain  disadvan- 
tages which  were  found  to  develop  where  excess  tem- 
peratures are  created  and  must  be  maintained  continu- 
ously. I 

On  the  other  hand,  many  conservatives  were  critics, 
and  deservedly  so,  of  any  method  which  seemed  less  re- 
liable than  established  stoker  practice  insured  them — and 
had  to  be  shown,  not  by  a  single  unit  over  a  short  test 
period,  with  equipment  handled  by  detailed  experts — but 
by  records  of  continuous  performance  on  a  production 
basis  with  equipment  sturdy,  simple,  and  reliable  enough 
to  compare  with  modern  stoker  installations,  which  oper- 
ate very  successfully  with  a  minimum  of  skilled  attention. 

Today  these  widely  variant  viewpoints  have  been 
reconciled,  have  been  brought  together  upon  the  com- 
mon plane  of  dollars  and  costs  results,  for  a  given  invest- 
ment. Less  discussion  will  be  heard  about  efficiencies. 
High  efficiences  will  be  accepted  as  prima-faciae,  and 
more  stress  will  be  laid  upon  the  actual  investment  costs 
necessary  to  attain  a  given  end. 

A  great  deal  has  been  written  regarding  cost  of  pul- 
verizing coal,  all  of  which  is  distinctly  misleading  when 
applied  to  boiler  plant  practice. 

The  procedure,  in  many  cases,  has  been  to  make  a  de- 
tailed cost  sheet,  covering  interest,  depreciation,  main- 
tenance, power  consumption,  and  labor,  and  then  to  add 
this  total  cost  per  ton  to  the  price  of  coal,  as  delivered  to 
the  plant.  The  next  step  was  to  stretch  the  probably  effi- 
ciency of  the  pulverized  coal  firing  systems  to  more  than 
make  up  for  the  cost  of  pulverizing  coal,  so  that  a  favor- 


able showing  could  be  made  in  comparison  with  stokers. 

This  analysis  completely  overlooked  the  correspond- 
ing items  of  cost  in  a  stoker  installation  which,  when 
carefully  analyzed,  will  be  found  to  be  about  equal  to  the 
cost  of  a  simple,  well-designed  pulverized  coal  burning 
plant. 

Tests  and  operating  results  applying  to  the  two  meth- 
ods of  burning  coal  can,  therefore,  be  compared  directly, 
because,  for  every  charge  in  connection  with  a  properly 
designed  pulverized  coal  system  there  will  be  an  equal 
charge  in  a  modern  stoker  plant.  Pulverization  cost 
must,  of  course,  be  carefully  studied  and  important  de- 
velopment work  now  in  progress  can  be  depended  upon 
to  reduce  these  costs  considerably,  but  with  the  present 
state  of  the  art  it  is  not  necessary  to  make  any  addition 
to  the  unit  price  of  coal  or  to  make  any  deduction  from 
the  pulverized  coal  efilciency  before  direct  comparisons 
can  be  made  with  stoker  fired  plants. 

Unfortunately,  pulverized  fuel  had  a  tremendous 
handicap  to  overcome  as  a  result  of  its  various  applica- 
tion to  open  hearth  furnaces,  where  from  its  very  nature 
it  was  and  is  not  an  ideal  fuel.  No  discussion  of  the 
difficulties  there  encountered  is  necessary.  They  are  too 
well  known  and  understood  to  require  mention. 

Many  points  of  unnecessary  danger  were  allowed  to 
creep  into  such  installations,  as  well  as  into  installations 
requiring  numerous  subdivisions  from  a  central  dis- 
tributing system — such  as  small  forge  furnaces,  sheet  and 
pair  furnaces,  etc.  Most  of  these  dangers  could  have 
been  avoided  by  careful  attention  to  detail  construction 
and  operation,  and  will  be  in  the  future,  as  reference  to 
the  following  code  recently  recommended  for  adoption 
by  one  of  the  largest  industrial  companies  will  indicate 
that  such  danger  points  are  now  recognized  and  must  be 
guarded  against. 

Code  Recommended  for  Adoption  by  Carnegie 
Steel  Company. 

1.     A  cloud  of  fine  coal  dust  is  as  dangerous  as  a 
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body  of  unconfined  natural  gas  if  the  dust  is  liberated 
where  there  is  a  fire  or  heat  that  would  ignite  gas. 

2.  Plants  for  crushing  or  pulverizing  coal  must  be 
kept  free  from  accumulations  of  finely  pulverized  coal 
that  might  be  brought  into  suspension  in  the  air. 

3.  Removal  of  accumulations  of  coal  dust  should  be 
done  by  means  of  an  exhaust  system  that  will  draw  it 
through  hose  or  piping  and  discharge  it  into  a  container 
without  permitting  it  to  again  get  into  circulation  with 
the  air. 

4.  Buildings  must  be  kept  thoroughly  ventilated  at 
all  seasons  of  the  year  when  a  pulverizing  or  crushing 
plant,  or  any  part  of  one.  is  in  operation. 

5.  Torches  or  open  lights  of  any  kind  must  not  be 
used  in  any  part  of  the  plant  at  any  time,  whether  or  not 
the  plant  or  any  part  of  it  is  in  operation. 

6.  Smoking  within  any  enclosure  where  coal  is 
crushed,  pulverized  or  stored,  must  be  entirely  prohibited 
at  all  times. 

7.  Cleanliness  must  be  strictly  observed,  and  no  accu- 
mulations of  material  of  any  kind,  not  necessary  for  pres- 
ent use  in  operating,  should  be  permitted  within  any  part 
of  the  plant. 

8.  Heat  originating  from  any  source  that  will  raise 
the  temperature  of  any  material  above  100  deg.  must  not 
be  permitted  in  contact  with  a  coal  container. 

9.  Pulverized  coal  must  not  be  permitted  to  remain 
in  a  packed  or  caked  condition  within  piping  or  con- 
tainers. 

10.  Heat  of  coal  within  a  dryer,  and  after  leaving 
it,  must  be  perfectly  controlled,  and  coal  must  not  leave 
the  pulverizer  when  its  temperature  is  above  150  deg.  F. 

11.  Ha  dryer  is  to  be  stopped  for  any  considerable 
period  of  time,  say  five  minutes  or  more,  or  if  a  dryer 
should  unavoidably  be  stopped  and  it  is  evident  the  delay 
will  be  five  minutes  or  more,  should  the  dryer  in  either 
case  contain  coal — heat  from  the  furnace  must  be  entirely 
shut  off  or  diverted  so  that  none  can  enter  the  dryer. 

12.  At  any  time  when  combustion  is  in  progress  or 
the  temperature  of  coal  within  a  storage  bin  is  about  180 
deg.  F.,  a  fresh  supply  of  coal  must  not  be  added.  Such 
as  is  in  the  bin  nuist  first  be  removed  and  the  bin  cooled 
to  normal  temperature. 

13.  When  the  transfer  of  coal  is  to  be  stopped  for 
any  considerable  period  of  time,  coal  in  the  transfer 
line  must  be  entirely  blown  out. 

14.  Transfer  of  coal  from  pulverizing  plant  to 
points  of  consumption  must  be  so  positively  regulated  as 
to  leave  no  opportunity  for  filling  bins  to  overflowing; 
where  a  signal  system  is  used,  orders  must  be  repeated 
and  recorded.  Where  messengers  are  employed  to  ar- 
range valves  or  carry  information,  they  must  report  to 
the  pulverizing  plant  in  person  before  any  coal  is  started 
forward. 

15.  When  starting  a  fire  in  a  drying  furnace,  paper 
or  other  light  material  that  might  be  drawn  by  the  draft 
into  the  dryer,  must  not  be  used  for  lighting. 

16.  Coal  must  not  be  admitted  within  a  combustion 
chamber  unless  a  flame  of  such  proportions  as  will  insure 
ignition  at  every  point  of  entrance  has  first  been  placed 
before  the  burners. 

17.  When  a  pulverizing  plant  has  been  stopped  for 
a  considerable  period  of  time  that  might  be  long  enough 
for  spontaneous  combustion  to  begin,  great  care  must  be 
taken  to  avoid  sending  hot  coal  through  a  transfer  line. 

18.  When  coal  is  distributed  by  the  continuous  flow 


system  and  used  direct  from  the  transfer  pipe,  great  care 
must  be  exercised  to  prevent  a  drop  of  pressure  in  the 
transfer  line  below  the  pressure  of  secondary  air  in- 
jected at  burners.  .Also  where  this  system  of  distribut- 
ing coal  is  in  operation,  at  no  time  shall  the  quantity  sup- 
plied to  the  transfer  line  be  less  than  the  maximum 
amount  required  for  all  burners  that  may  be  in  operation. 

19.  If  the  transfer  line  should  become  clogged  so 
that  coal  will  not  travel,  the  secondary  air  must  be  im- 
mediately shut  off,  and  when  the  clog  is  removed,  care- 
ful examination  must  be  made  to  see  that  no  particles 
remain  in  the  line  that  could  by  any  possibility  start 
combustion. 

20.  Care  must  be  exercised  to  keep  burners  open 
or  keep  coal  from  coking  in  them. 

21.  Conveyors  or  elevators  should  be  kept  tightly 
enclosed  at  all  times. 

22.  Hatch  lids  of  bins  must  never  be  opened  whi!e 
coal  is  entering  the  bins.  They  should  not  be  opened 
unnecessarily,  and  they  should  be  locked  to  prevent  open- 
ing by  others  than  those  properly  authorized  to  do  so. 

23.  Motors  installed  within  buildings  must  be  in- 
spected at  intervals  for  deposits  of  dust  within  their 
casing. 

Dyring  the  last  few  years  attention  has  been  concen- 
trated upon  steam  generation  applications  of  pulverized 
fuels,  and  a  new  set  of  conditions  has  been  discovered. 
Boilers  are  and  must  be  automatically  controlled  units, 
which  operate  at  relatively  high  thermal  efficiencies.  This 
is  not  true  of  metallurgical  furnaces,  where  product  is 
the  major  consideration.  In  boiler  operation,  furnace 
upkeep  is  a  relatively  small  item  of  operating  costs,  and 
any  great  increase  in  this  item  will  be  quickly  marked. 
This  is  less  true  in  metallurgical  furnaces,  where  brick- 
work destruction  is  a  natural  result  of  normal  opera- 
tions. 

It  took  but  a  short  experience  firing  fuels  in  sus- 
pension to  develop  the  importance  and  necessity  of  spe- 
cially designed  and  constructed  combustion  chambers. 
Mtich  work  has  been  done  along  this  line,  various  meth- 
ods of  water-cooling  and  air-porting,  various  characters 
of  hi,L;h  teiii])erature,  erosion-resisting,  non-.slagging  re- 
fractories have  been  and  are  being  developed.  Ideal  re- 
sults are  still  in  the  future,  but  now  that  the  condition  is 
clearly  recognized,  it  is  merely  a  question  of  time  before 
a  satisfactory  solution  will  be  found. 

One  of  the  most  interesting  problems  which  pulver- 
ized firing  seems  to  solve  in  a  most  practical  way  is  that 
of  combination  fuels.  This  has  always  been  an  unsatis- 
factory operation  at  blast  furnaces  for  instance,  and  at 
coke  plants.  Stokers  do  not  lend  themselves  to  this 
adaptation — pulverized  fuels  do. 

The  blast  furnace  becomes  more  and  more  a  power 
plant  with  each  passing  year,  as  motor  drives  become 
practice  in  steel  mills.  Blast  furnace  gas  is  an  ideal 
.source  of  fuel  supply,  but  blast  furnace  operation  is  none 
too  uniform  in  its  delivery  of  available  surplus  for  power. 
Some  auxiliary  fuel  must  be  supplied  to  maintain  the 
l)ower  outpiU  constant,  at  least  in  average  plants  as  now 
operated. 

Pulverized  fuel  firing  assumes  the  same  characteris- 
tics as  blast  furnace  gas,  both  as  to  combustion  cham- 
bers and  as  to  burners  and  air  admissions.  Either  fuel 
can  be  cut  off  or  cut  in  at  a  moment's  notice.  Charts 
taken  from  the  operation  at  the  most  notable  installation 
of  this  combination  show  but  the  slightest  evidence  of 
the  frequent  changes  which  are  taken  care  of.  Since 
ample  combustion  chambers    are    necessary    for    either 
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fuel,  and  where  provided,  very  high  efficiencies  are  being 
obtained  at  high  ratings  and  with  small  operating  crews. 

A  number  of  large  installations  at  blast  furnaces  are 
now  contemplated  and  the  near  future  should  show  a 
marked  development  at  such  points. 

One  tendency  in  steam  generation,  shown  particu- 
larly by  stoker-fired  central  station  units,  which  has  not 
been  followed  up  by  pulverized  fuel  units,  is  extremely 
high  over-ratings.  Most  of  the  pulverized  units  are 
operated  at  lower  ratings  than  will  satisfy  the  central 
station  operator  where  400  per  cent  no  longer  creates 
comment. 

There  is  no  reason,  however,  why  the  same  tonnage 
of  fuel  cannot  be  burned  under  the  same  comparative 
boilers  in  one  form  as  well  as  the  other,  and  there  is 
every  reason  to  expect  that  such  will  be  the  case,  and  at 
much  better  efficiencies  in  suspension  at  those  higher 
ratings. 

The  general  tendency  in  pulverized  firing  is  toward 
simplification  of  equipment.  Definite  conclusions  have 
now  been  drawn  that  dryers  may  be  eliminated — it  being 
better  economy  to  evaporate  the  moisture  content  in  99 
per  cent  efficient  boiler- furnace  than  in  a  60  per  cent  effi- 
cient indirect-drier. 

Elimination  of  the  drier  eliminates  a  real  hazard,  be- 
sides reducing  costs. 

Definite  conclusions  have  also  been  drawn  as  to  the 
extent  to  which  fine  grinding  is  essential. 

What  seemed  like  impossibly  coarse  coal  is  now 
being  burned  with  complete  success.  This  applies  to 
bituminous  coals  only,  however,  and  not  to  coke-braizes, 
or  anthracites  which  must  still  be  finely  ground. 

Coarser  grinding  is  reflected  in  lower  preparation 
costs,  less  power,  lower  repairs,  lower  overhead,  less  in- 
vestment due  to  increased  production  of  mills. 

In  many  plants  distributing  systems  have  been  elimi- 
nated and  the  direct-fired  method  is  installed.  The  pul- 
verizer is  placed  immediately  at  the  boiler-furnace  with 
direct  fuel  pipe  supply  to  the  furnace. 

Such  an  installation  involves  a  pulverizer  unit  as  re- 
liable as  the  boiler  itself,  more  reliable  than  a  stoker,  a 
pulverizer  which  will  handle  wet  coal,  and  operate  con- 
tinuously week  in  and  week  out  on  a  low  power  con- 
sumption. Several  such  pulverizers  have  recently  been 
installed  under  various  types  of  boilers  with  capacities 
ranging  from  1,000  hp.  to  2,500  hp.,  depending  upon  the 
character  of  the  coal  supply. 

One  feature  which  this  simple  method  of  firing  pos- 
sesses is  its  susceptibility  to  automatic  control,  using  ex- 
isting control  equipment  in  combination  with  the  boiler 
which  it  supplies. 

Not  much  attention  has  been  given  to  this  question 
of  automatic  regulation  of  pulverized  firing,  probably 
because  of  the  extraordinary  results  of  the  excellent  com- 
bustion obtained,  but  now  that  central  stations  are  adopt- 
ing this  method  of  burning  coal,  in  large,  modern,  spe- 
cially designed  units,  regulation  will  inevitably  assume  the 
importance  it  deserves.  The  mere  fact  that  pulverized 
combustion  is  so  susceptible  to  careful  control,  and  that 
very  high  efficiencies,  between  80  and  90  per  cent  are  de- 
manded, will  surely  bring  about  this  result. 

It  is  far  more  difficult  to  control  a  screw-feed  working 
in  finely  powdered  coal  due  to  its  tending  to  flow,  than 
a  screw-feed  handling  raw  coal. 

Another  feature  of  the  direct  method  is  the  reduc- 
tion in  unnecessary  spares,  which  will  usually  be  found 
present  where  distributing  systems  are  employed. 


Should  the  average  plant  executive  be  asked  to  O.K. 
an  appropriation  request  for  double  the  stoker  equip- 
ment necessary  to  develop  a  given  boiler-horsepower,  he 
would  probably  hesitate  and  ask  for  a  revision  of  the 
estimate. 

Such  has  been  the  practice  where  pulverizers  are  in- 
stalled to  operate  during  part  time.  The  bins  were  filled 
during  the  short  load  periods  and  the  pulverizers,  driers, 
etc.,  kept  idle  during  heavy  load  periods.  Where  the 
power  required  for  pulverizing  equipment  is  excessive, 
this  practice  may  be  justified — but  a  better  solution  will 
be  found  in  equipment  with  very  low  power  factor  and 
great  reliability. 

Whatever  develops  will  be  quickly  welcomed,  for 
never  was  the  interest  in  the  general  subject  more  sus- 
tained and  widespread  than  at  the  present  moment,  when 
industrial  recuperation  indicates  a  great  revival  in  power 
applications  and  in  modernized  power  production. 


CHEMISTRY  AND  PHYSICS  OF  GAS  WORKS 
REFRACTORIES 

Before  the  Midland  Junior  Gas  Association,  T.  F. 
E.  Rhead  read  a  long  and  highly  technical  paper,  in 
which  the  chemical  and  physical  properties  of  the  raw 
materials  and  finished  products  were  expounded  upon. 

Refractory  materials  might  be  classed  as  acids, 
bases,  or  neutral  bodies,  but  it  was  only  with  the  acid 
refractories,  comprising  fireclays,  siliceous  clays  and 
rocks,  and  silica  rock  and  sand,  that  the  lecturer  was 
momentaril}'  concerned. 

Speaking  of  the  properties  of  fireclays,  it  was  shown 
that  one  of  the  most  valuable  was  the  absorption  of 
water  to  form  a  plastic  mass.  The  degree  of  plasticity 
depends  upon  the  quantity  of  colloidal  matter  in  the 
cla\',  and  methods  of  increasing  or  decreasing  this  plas- 
ticity are  given.  A  further  important  property  of  clay 
is  its  binding  power.  A  correct  rate  of  drying  clay  is 
very  impf)rtant ;  too  rapid  drying  results  in  cracking, 
although  shrinkage  may  be  partly  counteracted,  by  the 
addition  of  grog. 

Continuing,  the  author  explains  the  effect  of  heat 
upon  the  various  constituents  of  clay,  also  on  mixtures 
of  clay  constituents.  A  source  of  trouble  in  making 
alumina  refractories,  is  the  tendency  to  contract  which 
alumina  possesses.  The  addition  of  silica  to  alumina 
depresses  the  melting-point,  w^hilst  a  jointing  mixture 
of  clay  and  silica  will  cause  trouble.  The  refractoriness 
of  cla}-  is  also  reduced  by  the  reaction  of  Fe„  O3  (found 
in  clay)  and  lime,  which  form  easih'  fusible  compounds 
at  1,200  deg.  C. 

The  addition  of  grog  gives  the  finished  article  a 
more  ])or()us  texture,  enabling  rapid  change  of  tem- 
]ierature  to  be  withstood  without  cracking.  The  quan- 
tity to  be  added,  however,  is  limited  by  the  fact  that 
the  strength  of  the  refractory  is  reduced. 

1lie  author  then  s|)caks  of  the  various  properties 
of  lirechiy  and  silica  bricks.  With  silica  bricks,  the 
larger  the  proportion  of  tridymite  and  cristobalite,  the 
l.)etter  the  brick  will  prove  in  use.  At  high  tempera- 
tures, porous  bricks  are  better  heat  conductors  than 
those  of  dense  texture.  A  strong  point  in  favor  of  the 
silica  brick,  is  the  fact  that  it  will  stand  a  greater  load 
when  hot,  than  firebrick.  The  strength  at  high  tem- 
perature is  controlled  by  the  adjustment  of  the  propor- 
tions and  sizes  of  the  ingredients. 
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Follansbee  Bros.  Co.  Operate  New  Steel  Unit 

The  Modern  Steel  Plant  of  the  Follansbee  Brothers  Company  at 
Toronto,  Ohio,  Now  in  Operation — Designed  Especially  for  the 
Production  of  Open  Hearth  Steel  Sheets. 


THE  new  plant  of  the  Follansbee  Brothers  Co.. 
manufacturers  of  sheet  steel  and  tin  plate,  was 
recently  put  into  operation  and  is  a  fine  example 
of  a  modern  mill  designed  especially  for  the  production 
of  high  grade  open  hearth  steel  sheets.  This  plant 
supplements  the  company's  older  operation  at  Follans- 
bee, W.  Va.,  where  the  company  commenced  the  manu- 
facture of  sheet  steel  and  tin  plate  in  1904.  The  busi- 
ness has  grown  to  such  an  extent  that  the  Follansbee 
mill  now  has  an  annual  production  of  over  60,000  tons 
of  finished  steel,  and  the  Toronto  mill  was  made  neces- 
sary through  increasing  business.  Its  capacity  is  sim- 
ilar to  the  Follansbee  Mill. 

The  new  j^lant  is  located  just  below  Toronto,  Ohio, 
adjacent  to   the   Ohio   River  and   on   the  main  line   of 
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Fig.  1 — View  of  motor,  exciter  set  and  main  circuit  breaker. 

the  Pittsburgh  and  Cle\  eland  branch  of  the  Pennsyl- 
vania Railroad,  where  excellent  facilities  are  assured 
for  the  transportation  of  raw  materials  and  finished 
product.  It  is  probably  the  first  plant  of  its  kind  to  be 
electrically  driven  throughout,  power  being  received 
from  the  company's  own  power  station  adjoining  the 
plant.  An  abundant  supply  of  water  is  available  and 
coal  will  be  supplied  from  the  Companv's  mine  ad- 
joining the  property.  Provision  is  also  made  for  the 
receipt  of  outside  coal  when  desirable. 

The  mill  site  is  graded  and  filled  so  as  to  be  above 
the  highest  water  level  of  the  Ohio  River.  The  site 
is  peculiarly  well  adapted  to  a  mill  of  this  type,  as  the 
ground  is  level  and  admits  of  future  additions  at  a 
minimum  expenditure.  The  property  adjoins  the  elec- 
tric traction  line  to  Steubenville  and  East  Liverpool. 
On  its  forty  acres  the  Company  has  erected  to  date 
ninety-six  brick  houses  for  its  employes. 

The  equiiiment  consists  of  four  40-ton  open  hearth 
steel  furnaces,  four  ingot  furnaces,  one  15-ton  steam 
hydraulic  press,  one  30  in.  reversing  bar  mill,  ten  hot 
mills,  four  being  50  in.,  three  44  in.  and  three  40  in., 
sheet  and  pair  furnaces,  two  Dressier  Continuous  -An- 
nealing Kilns.    In  addition  there  are  the  various  shears, 


cranes,  and  smaller  apparatus  usually  found  in  a  mill 
of  this  type.  There  is  also  a  complete  carpenter  shop, 
machine  shop  and  store  room.  Particular  attention 
has  been  paid  to  the  handling  of  material  for  the  vari- 
ous processes  and  the  mill  is  furnished  with  a  large 
number  of  electric  cranes,  manipulators,  etc.,  to  facili- 
tate rapid  handling.  Special  provision  was  made  to 
obtain  maximum  storage  of  both  raw  and  finished  ma- 
terial with  a  minimum  requirement  of  labor  in  hand- 
ling it. 

Various  types  of  fuel  will  be  used  according  to  the 
practice  which  has  been  developed  by  the  company  in 
the  past.  The  open  hearth  furnaces  will  be  fired  either 
with  oil  or  producer  gas,  the  gas  being  supplied  by  a 
producer  house  containing  eight  Hughes  Automatic 
Gas  Producers.  Coal  from  the  mine  will  be  conveyed 
to  the  power  plant  by  a  belt  conveyor  approximately 
1,000  ft.  in  length,  or  can  be  received  in  hopper  bottom 
cars  from  the  railroad  tracks  adjoining  producer  house 
and  power  house.  The  coal  is  crushed  and  elevated 
to  an  overhead  storage  bin  from  which  it  is  fed  to  the 
producers.  The  sheet  and  pair  furnaces  are  fired  with 
powdered  coal  prepared  in  the  powdered  coal  plant 
housed  in  a  separate  building.  A  Flinn  &  DrefTein  Gas 
Washing  Plant  with  a  capacity  for  thoroughly  cleaning 
the  gas  from  any  two  producers  adjoins  the  producer 
house.  This  will  furnish  gas  for  the  annealing  ovens, 
(living  ovens  and  other  special  purposes. 

The  electrical  features  of  the  mill  conform  to  stand- 
ard practice  but  also  contain  some  special  features  of 
interest.  Each  group  of  sheet  mills  is  driven  by  a 
1,500  hp  Allis-Chalmers  Induction  Motor  through  a 
Falk  Herring  Bone  Gear  set  with  suitable  fly  wheels 
for  smoothing  out  the  peaks,  a  liquid  slip  regulator 
being  part  of  each  set.  The  bar  mill  is  electrically 
driven  by  a  5.000  hp  maximum  rated  Westinghouse 
Reversing  Mill  Motor  with  a  speed  in  either  direction 
of  0  to  100  rpm.  The  mill  motor  is  of  the  general  re- 
versing type,  operating  on  600  volt  direct  current  and 
receiving  its  current  supply  from  a  fly  wheel  motor 
generator  set.  The  motor,  exciter  set  and  main  cir- 
cuit breaker  are  shown  in  Figure  (1).  The  bar 
mill  is  of  the  same  design  as  that  in  operation  at  the 
Follansbee  plant  but  electric  drive  was  decided  upon 
in  place  of  the  steam  engine  drive  at  Follansbee.  The 
reversing  motor  is  installed  in  a  separate  room  with  a 
removable  door  between  the  motor  and  bar  mill.  Lo- 
cated in  the  same  room  is  the  exciter  set,  motor-gen- 
erator fly  wheel  set.  slip  regulator  and  control  appa- 
ratus, two  General  Electric  Motor-Generator  Sets  for 
supplying  250  volt  direct  current  to  the  cranes,  manip- 
ulators, etc.,  and  the  necessary  2,300/200  volt  trans- 
fo-mers  for  mill  lisfhting,  etc.,  are  also  installed  in  this 
room.  It  is  served  by  a  crane  to  facilitate  handling  of 
repairs.  The  power  cables  are  carried  from  the  power 
house  to  the  mill  over  a  structural  steel  bridge.    This 
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bridge  also  carries  a  high  pressure  steam  line  sup- 
plying the  forge  press,  gas  producers,  mill  heating  and 
heating  of  the  company  houses  some  distance  from  the 
mill. 

Power  Plant. 

Of  particular  interest  is  the  new  power  station  built 
especially  for  this  mill.  It  was  aimed  to  obtain  a  maxi- 
mum of  simplicity  consistent  with  good  economy,  this 
l)eing  especially  desirable  in  a  power  plant  serving  a 
steel  mill.  Continuit}-  of  service  is  the  one  essential 
characteristic  and  only  a  short  delay  in  the  mill  opera- 
tion will  soon  offset  small  economies  obtainable  in  the 


each  of  which  is  connected  to  an  independent  brick 
stack  8  ft.  dia.  x  175  ft.  in  height,  allowing  for  a  short 
and  inexpensive  steel  plate  breeching  directly  into  the 
stack; 

Three  turbine  driven  draft  fans,  one  for  each  bat- 
tery, are  located  in  front  of  the  boilers  on  the  boiler 
room  floor  and  furnish  air  for  the  stokers.  Each  fan 
has  a  maximum  capacity  of  44,000  cu.  ft.  of  air  per 
minute  against  a  static  pressure  of  7  inches  water 
gauge  at  a  speed  of  1,600  rpm,  which  is  sufficient  for 
two  boilers  at  250  per  cent  rating.  Each  fan  discharges 
into  a  common  concrete  air  duct  running  the  full  length 
of  the  boiler  house.     The  air  duct  has  sectionalizing 


Fig.  2 — View  through  boiler  room. 


public  service  plant  through  extreme  refinement  in  de- 
sign. A  view  through  the  boiler  room  is  shown  in 
Figure  two  (2). 

The  Boiler  Room  contains  six  600  hp  Badenhausen 
Water  Tube  Boilers  with  superheaters  designed  for 
operation  at  200  lb.  steam  pressure  and  100  deg.  super- 
heat. Each  boiler  has  6.000  sq.  ft.  of  heating  surface, 
is  served  by  a  six  retort  Westinghouse  Under-feed 
Stoker,  and  is  provided  with  mechanical  soot  blowers, 
feed  water  regulator,  steam  flow  meter,  and  Precision 
Draft  Gauge.  Under  normal  conditions  they  will  oper- 
ate at  approximately  175  per  cent  of  rating.  The  boil- 
ers are  set  two  in  a  battery  forming  three  batteries. 


gates  so  that  any  battery  of  boilers  with  its  corre- 
sponding fan  may  be  operated  as  a  separate  unit  or 
a  fan  may  be  shut  ofif  entirely  through  a  gate  in  the 
fan  outlet  and  the  boilers  supplied  with  air  from  the 
main  air  duct.  In  this  way  any  boiler  may  be  served 
by  whatever  fans  are  in  operation.'  Each  pair  of 
stokers  is  driven  by  a  separate  engine  and  so  arranged 
that  any  engine  may  drive  any  stoker.  If  desirable 
two.  boilers,  one  stack,  one  fan  and  the  stoker  engine 
becomes  a  single  operating  unit.  The  location  of  the 
draft  fans  on  the  boiler  room  floor  insures  the  proper 
oversight  for  continuous  operation.    The  turbines  are 
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likely  to  receive  greater  attention  than  when  located 
in  the  basement.  The  boilers  are  set  with  the  lower 
drum  7  ft.  above  the  boiler  room  floor  resulting  in  a 
large  furnace  which  is  desirable  for  carrying  high 
ratings  and  rfticient  operation.  The  boiler  settings  are 
arranged  so  that  there  is  an  observation  door  in  the 
bridgewall  and  the  floor  is  dropped  down  behind  the 
boilers  so  that  these  doors  are  accessible  to  the  firemen. 

Coal  and  Ash  Handling. 

The  chief  source  of  coal  will  be  the  Company's  min- 
ing operation  adjacent  to  the  mill.    It  will  be  crushed 


Fig.  3. 

and  weighed  at  tlie  tip])le  and  transported  to  the  power 
house  on  an  elevated  belt  conveyor  and  discharged  to 
the  storage  bins.  The  power  house  coal  bunker  runs 
the  full  length  of  the  boiler  room.  It  is  a  steel  bin 
with  a  capacity  of  about  three  hundred  tons,  or  suf- 
ficient for  36-hour  runs  of  the  power  house.  Coal  is 
distributed  to  the  stoker  hoppers  through  individual 
gates  and  chutes,  two  for  each  l)oiler. 

Each  boiler  foundation  includes  a  large  ash  hopper 
with  sufficient  storage  for  an  eight  hour  run.  Each 
hopper  is  furnished  with  a  heavy  cast  iron  rack  and 
])inion  gate  with  two  ojienings,  each  30  in.  x  36  in. 
I'Vom  the  hojjper  ash  is  dumped  into  side  dump  steel 
cars  running  on  a  track  in  a  tunnel  under  the  bt)ilers. 
At  one  end  they  are  dumped  into  an  automatic  skip 
hoist  which  discharges  the  ash  into  a  brick  ash  bunker 
outside  the  power  house.  Ashes  may  be  removed 
from  the  bunker  either  b}-  railroad  car  or  by  truck. 
A  large  amount  of  filling  is  required  in  the  neighbor- 
hood of  the  plant  and  trucks  will  be  used  for  some  time. 
The  ash  tunnel  has  a  clear  height  of  over  6  ft.  and  is 
well  ventilated  to  permit  of  comfort  for  the  ash  hand- 
ling men.  A  dust  chute  from  the  1jack  of  each  boiler 
discharges  into  a  similar  car  underneath  the  boiler 
room  and  this  car  is  dumped  into  the  same  skip  hoist 
and  carried  up  to  the  ash  bunker. 

Turbine  Room. 

Electricity  is  generated  at  2,300  volt,  60  cycle,  3 
phase  by  three  high  pressure  condensing  steam  turbine 
units,  two  of  3.000  kw  rating  at  80  per  cent  power 
factor  and  one  at  1,500  kw  at  80  per  cent  power  factor. 
The  turbines  are  designed  with  a  special  overload 
nozzle  so  that  a  correspondingly  greater  load  can  be 
carried  at  any  power  factor  over  SO  per  cent.     It  is 


expected  that  the  average  load  will  be  between  4,000 
kw  and  5,000  kw  and  will  be  taken  care  of  by  the  two 
larger  units,  the  small  one  being  held  in  reserve  for 
days  when  the  mill  is  not  in  full  operation.  Should 
.)ne  of  the  turbine  units  be  shut  down  for  repairs  it 
will  be  jiossible  to  carry  the  mill  load  with  the  remain- 
ing two  units.  ExcilatitMi  is  furnished  by  two  sepa- 
rate exciter  units,  one  of  which  is  motor  driven  and 
the  other  driven  l)y  a  non-con<lensing  steam  turbine. 
X'entilating  ducts  from  tlie  outside  carry  air  Id  the 
turJK)  generators. 

The  oiling  system  for  the  turbine  units  is  worthy 
of  note  and  was  furnished  by  the  S.  E.  Bowser  Co.  Inc. 
The  oil  from  the  units  is  discharged  into  a  large  re- 
ceiving tank  in  the  basement  and  from  there  pumped 
to  a  filter  tank  equipped  with  duplicate  pumping  units 
located  on  a  mezzanine  floor  in  the  turbine  room.  It 
is  then  filtered  and  distributed  to  an  overhead  storage 
tank  from  which  it  flows  b}-  gravity  to  the  turbines. 
The  receiving  tank  is  large  enough  to  accommodate 
the  entire  oil  supply  of  the  largest  turbine  units  so 
that  if  it  is  desirable  to  empty  the  oiling  systern  of  one 
of  the  larsre  turbines  it  can  lie  done  witliout  waste  or 


Fig.  4. 

inconvenience.  Figure  three  (3)  shows  the  Eilter  and 
Figure  four  (4)  the  receiving  tank  with  automatic 
water  separator  in  the  basement. 

The  main  units  are  served  by  surface  condensers 
located  directly  underneath  the  turbines.  Circulating 
water  is  furnished  by  motor  driven  centrifugal  pumps 
in  a  house  built  in  the  river,  each  condenser  having 
its  own  circulating  pump  and  water  lines.  The  piping 
in  the  pump  house,  however,  is  so  arranged  that  any 
condenser  may  be  taken  care  of  by  either  pump.  In 
the  suction  line  of  each  pump  is  an  l-'lliot  Twin  Strainer 
and  the  inlet  to  the  pumps  is  in  a  forebay  of  the  pump 
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house  which  is  furnished  with  removable  trash  racks. 
The  pumps  may  be  operated  b}-  automatic  starters 
from  push  button  stations  in  the  power  house  or  by 
an  operator  at  the  pump  house.  The  air  pumps  are 
of  the  steam  ejector  type  with  an  auxiliary  condenser 
for  reclaiming  the  steam  used  in  the  ejectors.  Steam 
driven  condensate  pumps  handle  the  condensate  to 
the  heater.  For  non-condensing  operation  the  main 
turbines  may  discharge  directly  to  atmosphere  through 
individual  atmospheric  relief  valves  and  exhaust  lines. 
Boiler  feed  water  is  obtained  principally  from  the 
turbine  condensate  and  heated  in  a  4,000  hp  Webster 
Open  Feed  Water  Heater.  The  heater  is  installed  on 
a  mezzanine  floor  in  one  corner  of  the  turbine  room 
with  the  turbine  driven  boiler  feed  pumps  directly 
underneath.  The  heater  is  furnished  with  an  indi- 
cating V  notch  meter  for  recording  the  flow  to  the 
boilers.  Exhaust  steam  from  all  the  auxiliaries  is 
carried  into  the  main  e.xhaust  line  under  the  floor  and 
up  to  the  heater.  Heat  balance  will  be  taken  care  of 
by  operating  the  required  number  of  steam  driven 
auxiliaries.  Ohio  River  water  is  used  for  makeup,  pro- 
vision being  made  for  proper  treatment  of  the  make-up 
supply. 


Particular  pains  were  taken  with  the  piping  of  the 
station.  All  high  pressure  steam  piping  is  extra  heavy 
with  steel  valves,  monel  metal  fitted.  Long  radius 
bends  have  been  used  extensively  and  wherever  feas- 
ible welded  joints  have  been  used  in  place  of  fittings. 
All  valves  throughout  the  entire  plant  are  accessible 
through  suitable  galleries.  The  piping  in  the  power 
house  was  furnished  and  installed  by  The  National 
\'ah-e  and  Mfg.  Co.  of  Pittsburgh. 

It  is  expected  that  the  over-all  economy  of  the 
power  plant  and  electrically  driven  mill  will  be  such 
as  to  show  the  decided  advantages  of  a  central  station 
and  electric  drive,  both  from  the  standpoint  of  economy 
and  ease  of  operation.  The  fuel  consumption  per  ton 
of  finished  product  should  be  considerably  less  than 
in  a  combination  steam  and  electrically  driven  mill. 

The  design  and  construction  of  the  new  plant  was 
under  the  supervision  of  Joseph  Breslove,  Consulting 
ICngineer,  Oliver  Building,  Pittsburgh,  and  C.  W^  Kin- 
ter,  Chief  Engineer  of  the  Follansbee  Bros.  Co.  The 
special  features  are  based  on  long  experience  in  manu- 
facturing high  grade  qualities  of  sheet  steel. 


The  Alabama   Company's  No.   1   Stack 
Breaks  Production  Record  on  Low  Fuel 

Consumption 

Production  Increased  17  Per  Cent,  Coke  Consumption  Decreased 
30  Per  Cent — Labor  Force  Reduced  50  Per  Cent. 

By  H.  R.  STUYVESANT 
General  Superintendent  Blast  Furnaces 


THE   improvements   on   No.    1    Gadsden   stack    to- 
gether with   the   expected  benefits   derived   from 
said    improvements,    was   fully   described   in    the 
May,  1921,  issue  of  The  Blast  Furnace  &  Steel  Plant. 

No.  1  Stack  was  blown  in  October  10th,  1921.  The 
increased  production,  and  decreased  fuel  consumption 
is  far  above  expectations.  Actual  operating  data  for 
the  month  of  March  is  shown  in  table  No.  1.  During 
the  first  half  of  March  the  average  daily  production 
was  261  tons  of  foundry  iron  on  2,795  pounds  of  coke 
per  ton  of  iron,  while  the  average  for  the  month  shows 
245  tons  of  iron  on  2,820  pounds  of  coke  per  ton  of 
metal. 

Taking  into  consideration  working  volume,  slag 
volume,  yield  quality  of  coke,  working  on  special 
grades,  no  scrap  used,  and  no  off  iron  produced,  this 
IS  considei'ed  reniarkalile  performance  and  is  due  to 
the  fact  that  the  furnace  lines  and  distribution  was 
corrected,  together  with  successful  practice.  The  suc- 
cess of  the  operating  is  due  to  the  fact  that  the  operator 
strives  for  uniform  operation,  giving  the  highest  pro- 
duction combined  with  the  lowest  fuel  consumption, 
obtaining  the  highest  quality  product  with  the  greatest 
possible  economy.      The  evidence   of  highest  quality 


product  is  based  on  the  fact  that  during  the  present 
campaign  covering  a  period  of  six  months  including  the 
blow  in,  the  furnace  has  produced  but  two  casts  of  iron 
running  over  .049  per  cent  sulphur  which  is  only  .002 
per  cent  of  the  total  six  months  production. 

Table  No.  2  shows  actual  monthly  operating  dat;» 
including  blowing  in  period.  In  referring  to  table  No. 
2  it  might  be  well  to  keep  in  mind  the  following  facts : 
First,  the  coke  used  from  October  the  10th  to  Febru- 
ary the  20th  was  dirty  unscreened  coke.  Chemicallv 
varying  in  ash  content  from  12.50  to  15.89  per  cent 
and  physically  varying  from  58  to  70  in  friability,  or 
hardness.  Second,  the  wide  range  of  silicons  required 
for  the  special  grades.  Third,  to  the  frequent  complete 
burden  changes  required  for  the  different  brands  of 
iron  produced. 

The  Southern  Pig  Iron  and  Coke  Association  con- 
cludes that  a  furnace  should  burn  sixty  pounds  of  coke 
per  twenty-four  hours  for  each  cubic  foot  of  working 
volume,  assuming  a  base  coke  with  the  following  chem- 
ical specifications,  fixed  carbon  89.00  per  cent,  ash  9 
to  10  per  cent,  volatile  matter  1  to  2  per  cent,  and 
sulphur  1.00  per  cent  and  under.  Regarding  the  phys- 
ical structure  of  this  base  coke,  the  adapted  stafidard 
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reads  as  follows:    It  should  be  tough,  but  not  dense  or 
friable,  and  free  from  braize. 

Table  No.  3  shows  No.  1  Gadsden  stack  on  a  com- 
parative basis  while  (A)  of  this  table  shows  theoretical 
data  according  to  the  established  associations  ratings, 
using  the  base  coke  and  base  theoretical  yield  on  a  fur- 
nace the  size  of  No.  1  Gadsden  stack  which  has  a  work- 
ing volume  of  10,838  cubic  feet.  (B)  of  table  No.  3 
shows  actual  operating  data  on  No.  1  stack  for  the 
month  of  March.  It  might  be  well  to  mention  the  fact 
that  the  physical  structure  of  the  coke  used  during  the 
month  of  March  was  not  up  to  the  standard  adopted  by 
the  association.  (C)  of  table  No.  3  shows  theoretical 
data  on  No.  1  furnace  assuming  the  coke  used  to  be  the 
same  as  that  shown  for  plant  No.  3,  table  No.  4.  While 
(D)  of  table  No.  3  shows  theoretical  data  on  No.  1 
furnace  assuming  same  coke  as  that  of  plant  No.  3, 
table  No.  4,  together  with  the  base  theoretical  yield  of 
51.50  per  cent.     In  looking  over  table  No.  3  keep  in 


mind  that  (C)  and  (D)  of  table  No.  3  were  calculated, 
assuming  as  a  base  the  actual  practice  on  No.  1  furnace 
for  the  month  of  March,  and  during  this  month  the 
coke  used  was  not  u])  to  the  physical  standard  adopted 
by  the  association,  whereas  if  it  were  the  actual  prac- 
tice, (B)  table  No.  3,  as  well  as  comparative  data  (C) 
and  (D)  would  correspondingly  show  increased  pro- 
duction and  lower  coke  consumption. 

While  the  majority  of  the  Southern  plants  have  low 
grade  ores  and  high  slag  volumes  to  contend  with,  in 
referring  to  table  No.  4  you  will  note  the  majority  of 
the  plants  are  favored  with  good  coke  both  chemically 
and  physically.  Table  No.  4  shows  a  comparative  re- 
port on  chemical  and  ])hysical  analysis  of  blast  furnace 
cokes  used  at  the  different  operations  in  the  Birming- 
ham district.  The  names  of  the  different  plants  are 
not  given,  but  are  designated  Nos.  1  to  5. 

Foundry  cokes  of  good  physical  and  chemical  cpial- 
ities   are   also   produced    in    the    Birmingham    district. 


TABLE  NO.  1 

The  Alabama  Company's  No.  1   Furnace — Average  Blast  Furnace  Practice  Month  of  March,  1922 

Working  Volume  10,838  Cubic  Feet 

Working  on  special  grades  ranging  from  l.SO  to  4.00  Silicon 


I'ounds  of 

Tons  Iron 

Average 

Cubic  ft. 

Coke  burned 

produced 

Daily 

Pounds 

per  ton  of  pig 

Ave. 

Ave,  Ore 

Air  per 

per  cubic  ft. 

per  100  cu.  ft. 

Date. 

Produc- 

Slag Volume 

Analysis  of  Iron 

Coke 

and  Scrap 

Pound  of 

working 

working 

.March 

tion.  (J.T. 

Coke 

Ave.  Month 

Sil. 

Sul. 

Ash 

Yiehl 

(\ike 

\"olumc 

Volume 

1 

279 

2707 

2200 

2.05 

.018 

13.83 

37.10 

54 

66 

2.58 

2 

2S2 

2997 

2.26 

.022 

2.34 

3 

254 

2973 

2.77 

.023 

2.35 

4 

263 

2961 

2.72 

.018 

2,43 

5 

258 

2973 

2.60 

.024 

2,38 

6 

277 

2641 

2.07 

.022 

2.57 

7 

239 

2962 

2.30 

.020 

2.21 

8 

264 

2458 

2.28 

.025 

2,43 

9 

276 

2693 

2.26 

.026 

2,56 

10 

279 

2516 

2.04 

.025 

2.58 

11 

267 

2673 

2.10 

.021 

2.47 

12 

264 

2637 

2.31 

.021 

2.43 

13 

240 

2853 

2.08 

.022 

2.22 

14 

252 

2889 

1.88 

.028 

2.34 

IS 

252 

3002 

2.56 

.024 

2.34 

.\ve.  IS  days    261 

2795 

2200 

2.28 

.023 

13,83 

37.16 

54 

66 

2.41 

Ave.  mor 

th     256 

2820 

2200 

2.35 

.023 

13,83 

37.1(1 

54 

6r. 

2.3i 

T.JlBLE  no,  2 

The  Alabama  Company's  No.  1   Furnace — Monthly  Practice 
Working  on  Special   Grades 

Ranging   from   1.25   to   4,00   Silicon 


.Month 

October  10th 
Including   blc 

to  ;)ist 

w   in 

Year 

Average 
Production 
Gross  tons 

Average  analysis 

of  iron 
Sil.               Sul, 

Average 

Ore  and 

Scrap 

Yield 

.\verage 
Coke 
Ash 

Pounds 
Coke 

per  ton 
Slag 

Volume 
Ave. 

Number  of  days 

on  different 

brands  of  iron 

reciuiring 

complete  Burden 

Chance 

Oct.  10th  to 

31st 

1921 

173 

2.45 

.027 

37.40 

13.75 

3438 

ICtowah, 

21  days 

November 

1921 

235 

2.42 

.023 

37.12 

14.36 

2')S7 

\  Etowah, 
1  Clifton, 

25  days 
5  days 

December 

1921 

246 

2.65 

.026 

37,35 

14.22 

3081 

2500 

(  Etowah, 
(  Clifton, 

26  days 
5  days 

January 

1922 

252 

2.38 

.027 

37.18 

13.79 

3026 

r  Etowah, 

Clifton, 

[  High   Ph 

25  days 

2  days 

OS,,  4  days 

February 

1922 

244 

2.02 

.024 

38.02 

15,15 

2939 

j  Etowah, 
(  Clifton, 

20  days 
8  days 

March 

1922 

255 

2.35 

.023 

37.10 

13,67 

2820 

Etowah. 

31  days 

Average   N 
to  April 

ov.    1st, 
1st, 

1921 
1922 

247 

2.36 

.024 

37.35 

14,14 

2976 

2500 

1922 
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TABLE  NO.  3 

The  Alabama  Company's  No.  1  Furnace 
On  Approximate  Comparative  Basis 


Cubic  feet 
working 
Volume 


10,838 


Southern   Ohio 
Pig  Iron  and  Coke 
Association 
Rating 

(A)      Coke 

Fixed   Carbon  89.00 
Ash  9.S0 

Theoretical  Yield  51.50 

Pounds  of  coke  per  ton  of  pig 

Foundry  2300 

Basic  2000 


(B) 

Actual  .Alabama  Company 
No.  1,  Month  of  March 

Coke  10,838 

Fixed  Carbon  84.92 

.A.sh  13.83 

Ore  and  Scrap  Yield         37.10 

(C) 

Comparison    Alabama    Company, 
No.    1    with    Coke    90.70    Fixed 
Carbon,  Ash,  7.90  same  as  plant        10.838 
No.  3,  Table  No.  4,  with  37.10 
Ore  and  Scrap  Yield. 

(D) 

Comparison    Alabama    Company, 

No.    1    with    coke    90.70    Fixed         10,838 
Carbon,    Ash    7.90    Theoretical 
Yield  51.50. 


Pounds  of 

coke  burned 

per  cubic  ft. 

working 

Volume 


60 


66 


Pounds 

of  coke 

burned  per 

24  hours 


650,280 


719,100 


I'uuiidr.v. 
Pounds  of 
coke  per  gross 
ton  of  iron 
produced 


2300 


Basic. 

Pounds  of 

coke  per  gross 

ton  of  iron 

produced 


2000 


Gross 

tons  of 

Fdry.  per 

24  hours 


282 


Gross  tons 
of  Basic  per 

24  hours 


325 


2820 


2494 


255 


288 


61.67 


61.67 


668,418 


668,418 


2532 


2287 


2206 


1961 


264 


292 


303 


340 


TABLE  NO.  4 

Comparative  Chemical  and  Physical  Analysis  of  Blast  Furnace  Cokes 
Birmingham  District 


The  Alabama  Co. 

Name   of   Oven Semet  Solvay 

Time    carbonized,    hours..  18 

Physical  properties — 

Shatter  69 

Friability    68 

True  density    1.96 

Apparent  density   1.08 

Porosity    45 

Chemical  analysis — 

Moisture    .18 

Volatile  matter   1.07 

Fixed   carbon    84.92 

Ash   13.83 

Sulphur    .80 

Btu   12,280 

Approximate  available 

carbon   76.92 


Plant  No.  1 

Plant  No.  2 

Plant  No.  3 

Plant  No.  4 

Plant  No.  5 

Koppers 

Koppers 

Koppers 

Semet  Solvay 

Koppers 

2(1 

17 

19 

34 

20 

70 

70 

70 

72 

70 

69 

69 

72 

73 

71 

1.75 

2.04 

1.98 

1.02 

1.14 

1.09 

42 

44 

45 

.50 

1.53 

.25 

.80 

.50 

2.68 

2.17 

1.15 

1.55 

1.04 

87.74 

84.75 

90.70 

85.42 

89.38 

9.08 

10.55 

7.90 

12.23  ■ 

9.08 

1.10 

.74 

1.11 

.68 

1.10 

12,929 

12,718 

13,044 

12,388 

82.08 


78.57 


85.65 


78.25 


83.70 


TABLE  NO.  5 
Comparative  Report  on  Present  and  Past  Furnace  Dimensions  and  Practice 


Hearth 

diameter 
ft. 

Average 
years  1918 
and  1919      11' 


Average 
Nov.  1st, 
1921  to 
April  1st, 
1922 


12'  3" 


Bosh 

diameter 

ft. 


17' 6" 


17' 8" 


Bosh 

angle 

deg. 


74 


78 


Height 

of 
furnace 


79' 


79' 


Stock 

Line 

diam.  ft. 


12'  6" 


12' 


Daily 
average 
produc- 
tion 


Kind 

of  iron 

produced 


210         Foundrj- 


247         Foundrv 


Average 
pounds  of 
coke  per 
ton  iron 


4265 


2976 


Ave. 
coke 
ash 


15.45 


14.14 


Physical 

condition 

of  coke 


Clean 

double 

forked 


Ore  and 
scrap 
yield 


37.30 


Dirty  37.35 

Unscreened 


Cubic  ft. 

wind 
per  minute 


36,000 


28,000 
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the  following  shows  the  physical  and  chemical  analysis 
of  two  of  the  best  foundry  cokes  in  the  South. 

Name Brookwood  Searles 

Oven Beehive  Beehive 

Time  carljonized 72  hours  72  hours 

Coal  seam Milldale  Searles 

Physical  ])nii)tTtif,^ — 

Shatter  76  72 

Friability  73  67 

True  density    2.26  1.91 

Apparent  density    1.07  .95 

Porosity  ' 53  50 

Chemical  analysis — 

Moisture 20  .50 

Volatile  matter 90  1.35 

Fixed  carbon   88.57  86.62 

Ash  10.33  11.53 

Sulphur .85  .87 

Btu  12.624  12,473 

The   present   and   past  dimensions,  etc.,   of   No.    1 

stack  as  well  as  the  average  practice  is  shown  in  table 
No.  5.     While   the  average   daily  production   was  in- 
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Fig.  1 — Section  through  No.  1  Furnace. 

creased  37  tons,  the  average  coke  consumption  was  de- 
creased 1,289  pounds  per  ton  of  iron  produced,  or  a 
saving  of  159  tons  of  coke  per  day.  Assuming  the 
price  of  coke  F.O.B.  furnace  to  be  $5.00  per  ton,  the 
saving  of  coke  alone  for  a  year  amounts  to  $290,175.00. 
On  the  other  hand  manufacturing  costs  was  materially 
reduced,  owing  to  the  fact  that  the  labor  force  re- 
quired to  operate  was  reduced  approximately  fifty  per 
cent,  while  the  production  was  increased  37  tons  per 
day. 

With  the  idea  in  mind  that  uniformity  and  heat 
concentration  is  the  secret  of  economical  blast  furnace 
practice,  the  company  has  now  under  plans  to  improve 
raw  materials  both  chemically  and  physically  in  order 
to  attain  uniformity.  With  improved  uniform  raw 
materials  production  will  be  increased  together  with  a 
decrease  in  fuel  consumption  thus  lowering  production 
costs. 


CORROSION  OF  STEEL  INVESTIGATED 

iV  test  of  the  resistance  of  chromium  steels  to  acid 
corrosion  recently  completed  by  the  Inireau  of  stand- 
ards, Washington,  gives  the  information  that  the  rela- 
tive resistance  of  steel  to  the  acid  test  is  not  necessaril) 
a  criterion  of  its  behavior  in  other  types  of  corrosion. 
Pure  iron  and  steels  of  low  chromium  content  were 
found  to  be  much  more  resistant  to  attack  by  hydro- 
chloric acid  than  those  containing  considerable  chrom- 
ium. However,  when  corrosion  is  caused  by  water 
and  air,  the  general  order  of  resistance  was  reversed. 
This  led  to  the  conclusion  that  the  addition  of  chrom- 
ium increases  the  rate  of  attack  by  hydrochloric  and 
probably  by  other  acids  although  this  may  dejienfl 
somewhat  upon  the  heat  treatment  which  the  steel  has 
received. 

Specimens  hardened  by  lieat  treatment  were  found 
to  be  considerably  more  resistant  to  acid  attack  than 
samples  of  the  same  composition  in  the  annealed  state. 
The  addition  of  nickel  is  more  effective  in  reducing  the 
intensity  of  attack  by  acid  than  is  chromium,  since 
steels  containing  a  considerable  anmunt  of  this  metal 
were  found  to  be  the  most  resistant  to  acid  of  any 
tested.  Specimens  with  a  polished  surface  almost  in- 
variably showed  a  smaller  loss  in  acid  than  those  which 
were  roughly  ground.  This  difference  may  l)e  only 
apparent, howe\er,  due  to  the  fact  that  while  the  two 
specimens  may  have  equal  surfaces,  the  one  with  the 
ground  finish  has  a  slightly  greater  area  exposed  on 
account  of  minute  grooves  and  ridges. 

For  resisting  corrosion  by  water  and  air  a  con- 
siderable amount  of  chromium  in  steel  is  necessary  and 
alloys  of  this  general  type  were  found  to  be  more  re- 
sistant than  were  those  of  low  chromium  content. 
However,  these  latter  steels  were  more  resistant  than 
the  simple  carbon  steel  or  pure  iron.  Hardening 
chromium  steel  by  heat  treatment  retarded  corrosion 
by  water  and  air  as  it  did  in  the  acid  test,  this  being 
true  particularly  for  the  steels  of  high  chromium  con- 
tent, although  variations  in  heat  treatment  produced 
little  difference  in  resistance  to  corrosion  in  specimens 
lower  in  chromium.  Adhering  patches  of  oxide  scale 
upon  the  surface  produced  a  noticeable  eflfect  in  ac- 
celerating the  rate  of  attack  in  chromium  steels. 

The  alloy  containing  a  high  percentage  of  nickel 
as  well  as  chromium  and  found  to  be  attacked  the  least 
by  acid,  also  proved  more  resistant  to  atmospheric  cor- 
rosion than  most  of  the  chromium  steels  tested  al- 
though it  was  far  surpassed  by  certain  of  the  high 
chromium  materials.  In  most  cases.,  corrosion  of  the 
chromium  steels  consisted  in  an  attack  at  small  isolated 
spots  rather  than  in  a  general  tarnishing  and  coatmg 
of  the  surface.  In  view  of  the  fact  that  adhering  par- 
ticles of  scale  accelerate  the  corrosive  attack  of  a  steel 
to  a  marked  degree,  this  suggests  that  the  presence 
of  inclusions  or  other  defects  within  the  material  may 
be  responsible  largely  for  the  character  of  the  resulting 
surface  pattern. 

Character  of  service  should  govern  the  t}'pe  of  non- 
corrodible  steel  to  be  used.  For  example,  if  resistance 
to  severe  acid  attack  is  the  principal  requirement,  a 
high  chromium  steel  is  the  least  suitable  of  all  the  ma- 
terials tested.  Most  classes  of  service,  however,  re- 
quire fairly  satisfactory  performance  under  a  variety 
of  conditions.  For  example,  cutlery  steel  must  with- 
stand both  acid  and  atmospheric  corrosion  as  well  as 
possess  certain  necessarv  mechanical  properties.  No 
single  type  of  noncorrodible  steel  appears  to  be  suit- 
able for  each  and  every  purpose  which  may  arise. 
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Fuel  Economy  of  Steel  Plants 

Stenographic  Notes  of  Paper  Read  Before  the  Blast  Furnace  Sec- 
tion of  "Verein  Deutscher  Eisenhuttenleute,"  April  27,  1921,  Pub- 
lished in  Stahl  und  Eisen,  December  22,  1921. 

By  DR.  K.  RUMMEL  in  Dusseldorf 

Triiiishitcit  by  Alfred  Steinbart  of  the  National  Tube-  Company,  Pittshiiri/h.  Pa. 


1AM  very  glad  to  liave,  at  last,  the  opportunity  to 
talk  before  the  men  who  have  charge  of  the  opera- 
tion of  the  blast  furnaces.  It  would  be  a  greater 
pleasure  if  I  could  convince  these  men  of  their  own 
importance  in  connection  with  the  whole  plant,  es- 
pecially with  the  fuel  consumption  of  the  whole  plant. 
The  blast  furnace  has  often  been  called  the  heart  of 
the'  plant  and  not  improperly,  because  it  is  a  fact  that 
the  blast  furnace  propels  the  streams  of  material  and 
power  through  the  arteries  of  the  plant  giving  vigor 
to  the  whole.  It  would  be  drawing  the  comparison  too 
far,  however,  if  we  would  say  that  the  blast  furnace 
man  was  the  soul  of  the  whole  plant  operation.  This 
the  blast  furnace  man  generally  is  not,  because  he 
looks  out  first  for  himself  and  for  his  own  department 
and  you  can  hardly  blame  him  for  this.  The  blast 
furnace  is  a  very  touchy  fellow — we  all  know  that — 
who  has  to  be  treated  with  the  greatest  consideration 
and  cannot  be  experimented  with  too  much.  It  is, 
therefore,  necessary  to  step  easy  in  starting  with 
changes  at  the  blast  furnace  in  order  to  improve  the 
fuel  economy  of  the  plant  as  a  whole,  including  steel 
works,  rolling  mills,  etc. 

The  blast  furnace  gas — though  it  is  the  main  source 
of  power  for  our  works — is  and  will  always  remain  a 
by-product  for  the  blast  furnace  man.  The  relative  im- 
portance between  the  main  product,  the  iron,  and  the 
by-product,  the  gas,  may  change  somewhat,  but  it  will 
never  change  so  materially  as  it  has  changed  in  the 
coke  plants  where  the  former  by-products  really  be- 
came the  most  important  products  and  where  the  coke 
often  is  principally  made  on  accotmt  of  the  by-prod- 
ucts. But  the  blast  furnace  man  likes  to  receive  as 
much  credit  as  possilile  for  the  gas  supplied  to  other 
departments  and  it  is  generally  the  case  that  such  credit 
is  given.  In  connection  with  this  subject,  I  would 
like  to  mention  casually,  that  the  government  "Fuel 
Saving  Commission"  at  Dusseldorf  is  of  the  opinion 
that  the  valuation  placed  b}'  the  works  on  the  blast 
furnace  gas  is  much  too  low  and  that  more  credit 
should  be  allowed  to  the  blast  furnace  man  for  the  gas 
supplied  to  other  departments.     (Applause.) 

The  gas  should  be  paid  for  better,  because  it  is 
worth  more !  Mostly  it  is  paid  for  according  to  its 
heat  value.  For  1,000  Btu  of  gas  one  pays  as  much 
as  one  would  pay  for  1.000  Btu  in  coal.  That  is  not 
right,  because  1,000  Btu  in  gas  are  worth  much  more 
— except  when  used  under  boilers  where  the  use  of  gas 
is  more  and  more  abandoned.  Investigation  shows 
that  for  use  in  gas  engines  and  the  different  types  of 
furnaces  the  gas  is  worth  25  per  cent  or  30  per  cent 
more.  Such  a  value  might  be  an  inducement  to  furnish 
gas  to  other  departments. 

Low  cost  per  ton  of  pig  iron  should  not  be  para- 
mount.   On  the  contrary,  the  blast  furnace  man  should 


feel  as  a  member  of  the  whole  works  comnmnity  and 
he  should  fill  his  place  in  such  a  manner  that  the  works 
as  a  whole  is  benefitted.  There  are  yet  today  blast 
furnace  men  (those  present,  of  course,  excepted)  who 
take  a  different  stand.  If  the  feeling  takes  root  in  you 
that  you  are  principally  a  member  of  the  whole  works 
commimity,  you  will  find  it  possible  to  improve  a  little 
here  and  there  in  order  to  help  the  fuel  economy  of 
the  works  as  a  whole. 

li,  with  th.ce  blast  furnaces  working,  the  pressure 
of  the  gas  varies  from  9  in.  of  water  down  to  1J4  i^i-. 
then  it  is  time  that  something  should  be  done.  To  our 
surprise,  we  have  not  found  one  single  plant  where  an 
attempt  was  made,  except  by  request,  to  determine 
the  amount  of  gas  actually  produced  by  the  blast  fur- 
nace. You  will  probably  be  astonished  by  this  state- 
ment because  you  all  have  gas  meters.  We  have  re- 
cently made  the  first  attempt  of  this  nature.  The  re- 
sults are  astonishing.  Further  investigations  are  still 
being  carried  on  and  I,  therefore,  cannot  yet  report. 

We  all  know  that  the  blast  furnace  cannot  be  made 
to  furnish  the  gas  in  absolutely  uniform  volume.  There 
are  periods  in  which  the  volume  of  the  gas  changes, 
caused  by  changes  and  disturbances  in  the  working  of 
the  furnace.  Such  changes  cannot  be  avoided  and  the 
plant  as  a  whole  has  to  be  prepared  for  them.  But 
there  are  also  several  occasions  where  good  manage- 
ment, anxious  to  keep  up  the  supply  of  gas  to  other 
departments,  can  do  much  to  keep  the  gas  volume 
more  constant.  This,  for  instance,  is  the  case  during 
casting.  The  practice  at  most  plants  is  to  keep  the 
blast  on  the  furnace  during  this  time.  But  the  l^Iast 
pressure  varies  at  different  works  and  it  would  be  im- 
portant to  investigate  how  much  pressure  it  is  possible 
to  carry  at  this  time  in  order  to  avoid  lack  of  gas  dur- 
ing casting.  In  such  cases  where  it  is  impossible  to 
keep  up  the  pressure,  it  may  be  advisable  to  increase 
the  blast  a  little  at  the  other  furnaces  so  as  to  increase 
the  gas  production  to  cover  the  loss  due  to  casting  at 
one  furnace.  Several  works  have  informed  us  that 
thev  do  blow  somewhat  stronger  at  the  other  furnaces 
during  the  time  when  one  furnace  casts.  This  infor- 
mation is  very  important,  because  it  shows — see  also 
remarks  in  this  connection  later  on — that  the  furnaces 
can  stand  more  blast  for  short  periods  without  inter- 
ferring  in  any  way  with  good  operation. 

We  also  believe  that  the  stoves  can  be  operated  in 
such  a  manner  that  the  surplus  gas  going  to  other  de- 
partments remains  uniform  in  volume,  i.  e. ;  the  con- 
sumption of  gas  in  the  blast  furnace  department  proper 
may  be  regulated  to  be  more  uniform.  The  replies 
from  the  different  plants  to  our  questions,  however, 
vary  very  much,  strange  to  say.  At  some  of  the  works 
the  changing  of  stoves  causes  a  very  marked  dip  in  the 
record  of  gas  consumption  for  the  stoves.    The  reason 
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for  this  is  that  quite  some  time  elapses  from  the  point 
where  the  gas  is  taken  off  at  one  stove  and  turned  on 
at  the  other  stove.  During  this  time  no  gas  is  used 
at  one  stove  and  the  record  shows  a  marked  dip.  At 
other  words,  however,  this  is  not  the  case.  We  are  now 
investigating  this,  but  I  recommended  to  you  to  look 
into  this  yourself  ii;  order  to  find  the  reason.  One 
plant  informs  us  that  they  are  now  endeavoring  to 
shorten  the  time  of  changing  stoves  as  much  as  pos- 
sible. May  be  that  it  will  be  advisable  to  institute  a 
sort  of  Taylor  System  in  order  to  establish  a  manipu- 
lation of  valves  to  shorten  the  time  when  the  gas  is  off 
on  a  stove.  Stich  attempts  can  but  help  to  improve 
uniformity  of  gas  supply  over  the  plant  as  a  whole.  It 
may  also  he  advisable  to  investigate  if  not  a  number 
of  stoves  in  the  plant  are  changed  at  the  same  time, 
so  that  a  number  of  stoves  are  not  consuming  gas  at 
one  time.  Further,  we  have  found  from  the  record  of 
gas  consumption  by  the  blast  furnace  department 
proper,  that  individual  stoves  receive  different  amounts 
of  gas  for  no  reason  whatever  except  that  the  stove 
man  opens  the  gas  valve  more  or  less  out  of  negligence. 
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These  appear  to  be  small  matters  but  they  are  very 
important  when  they  result  in  gas  variations  of  35,000 
cu.  ft.  per  hour.  It  is,  however,  not  only  important 
that  the  gas  is  delivered  uniformly  to  other  depart- 
ments but  also  that  the  blast  furnace  department  ab- 
sorb the  irregularities  of  consumption  of  other  depart- 
ments. Most  of  you  are  probably  very  enthusiastic 
about  the  pressure  regulators  which  are  just  now  being 
installed  at  your  gas  mains  to  the  stoves.  I  consider 
the  installation  of  such  regulators  and  the  results  at 
which  you  aim  as  entirely  wrong. 

See  Figure  1.  If  you  regulate  the  gas  pressure 
and  make  it  uniform  so  as  to  get  good  combustion  and 
small  gas  consumption  at  your  stoves,  you  make  your 
gas  consumption  uniform.  You  cut  off  your  gas  con- 
sumption for  stoves  with  a  straight  line  (see  a)  at  the 
bottom  of  the  diagram.  In  doing  this  you  do  not  in 
any  way  lessen  the  peaks  but  you  simply  eliminate 
them  in  your  own  department  and  throw  them  into  the 
other  departments.  And  not  this  alone ;  you  make 
them  far  worse  in  the  other  departments.  This,  of 
course,  is  very  convenient  for  the  blast  furnace  man 
but  not  for  the  other  gentlemen  who  have  to  take  care 
of  these  peaks.  I  would  like  to  state  here,  however, 
that  it  would  be  quite  wrong  to  proceed  now  and  in- 
stall  these   pressure   regulators  also   in   the  other  de- 


I)artmcnts,  because  in  this  way  the  peaks  would  be 
left  over  and  would  have  to  be  disposed  of  by  bleed- 
ing. But  I  wish  not  to  be  understood  that  I  condemn 
the  gas  pressure  regulators  altogether ;  on  the  con- 
trary, they  are  very  useful  apparatus  if  they  are  used 
in  their  proper  place.  It  appears  to  me,  as  the  proper 
arrangement,  that  the  blast  furnace  department  try 
to  work  up  the  peaks  in  the  diagram  and  that  they  en- 
deavor to  give  the  other  departments  the  regular  pres- 
sure because  nowhere  in  the  \Corks  have  we  such  a 
storage  for  heat  as  is  offered  by  the  stoves.  The  stoves 
should  be  used  as  much  as  possible  to  store  the  peaks 
of  gas  because  of  their  enormous  storage  capacity. 
The  time  is  too  short  to  go  into  this  matter  any  fur- 
ther, but  I  will  say  this ;  that  in  order  to  use  up  the 
peaks  in  the  stoves  you  must  install  an  automatic 
regulation  of  the  air  at  the  stoves  in  order  to  adapt  the 
air  pressure  to  the  gas  pressure  and  so  get  good  com- 
bustion with  variable  gas  pressure.  This  can  be  done 
by  using  the  above  mentioned  gas  pressure  regulator 
for  regulating  the  air.  Then  you  utilize  the  same  appa- 
ratus to  throw  the  peaks  into  the  stoves. 

In  the  last  two  years  a  good  deal  has  been  already 
accomplished  on  the  lines  pointed  out  above.  There 
are  already  works  who  push  their  stoves  harder  at 
such  times  where  gas  is  plentiful.  There  is  one  works 
where  they  work  eight  (8)  hours  in  the  rolling  mills 
and  shut  down  for  four  (4)  hours ;  work  eight  hours 
again  and  shut  down  for  four  hours.  During  the.se 
four  hours  of  shut-down  the  mill  uses  very  little  blast 
furnace  gas.  This  time  is  employed  to  heat  up  the 
stoves.  This  shows  that  it  is  quite  possible  to  follow 
the  lines  which  I  have  pointed  out  above  in  quite  som< 
detail.  Further,  it  is  the  practice  to  heat  the  stoves 
to  a  very  high  temperature  on  Sundays  to  store  as 
much  heat  as  possible.  It  is  also  the  practice  at  some 
works  where  they  tise  the  "two  stove  method"  to  heat 
up  the  superfluous  stoves  on  Sundays  or  at  such  times 
during  the  week  when  there  is  a  stirplus  of  gas,  so  that 
these  energies  can  be  utilized  at  time  of  demand.  It  is, 
therefore,  verj'  feasible  to  utilize  the  stoves  for  heat 
storage. 

If  you  desire  to  furnish  more  gas  to  other  depart- 
ments you  must  also  try  to  save  as  much  gas  as  pos- 
sible in  your  own  department.  This,  I  believe,  is  done 
now  everywhere,  and  we  have  found,  to  our  great  satis- 
faction, that  the  gas  consumption  of  the  stoves  has 
considerably  decreased.  While  in  the  beginning,  when 
we  came  around  and  took  snap  samples  of  your  stove 
stack  gases,  we  found  often  a  large  amount  of  air  sur- 
plus or  even  carbon  monoxide,  we  have  not  found  this 
lately  because  this  condition  has  almost  ceased  to  exist 
on  account  of  the  practice  of  regularly  making  such 
tests  and  it  is  a  fact  that  the  consumption  of  gas  in  the 
stoves  is  much  lower  now. 

Not  only  should  gas  be  saved  but  also  the  blast 
conditions  should  be  improved  and  savings  made. 
Three  methods  can  be  tised  here : 

First:  Heat  losses  of  the  hot  blast  can  be  reduced. 
I  would  very  much  recommend  to  you  to  test  the  tem- 
perature drop  from  stoves  to  tuyers  all  along  the  line, 
because  I  am  convinced  that  you  will  find  places  along 
this  line  where  the  drop  is  surprisingly  large.  We  had 
similar  experience  in  connection  with  tests  on  heating 
furnaces  at  rolling  mills.  If  you  improve  the  heat 
losses  at  these  points  by  better  insulation  or  other- 
wise, you  cannot  avoid  making  a  saving.  In  some 
cases  a  thin  cover  of  insulating  material  will  help  very 
much. 
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Second  :  And  this  is  still  more  important — pressure 
losses  of  the  blast  should  be  avoided.  Unnecessary 
pressure  loss  means  loss  of  power.  At  most  works, 
especially  at  the  old  one,  the  blast  main  show  bends 
which  are  too  short.  I  would  recommend  to  measure 
the  pressure  loss  at  such  bends  and  to  eventually  elim- 
inate them  if  the  pressure  loss  is  too  great.  In  con- 
nection with  pressure  losses,  allow  me  to  draw  your 
attention  to  the  by-pass  line.  Dr.  Bansen,  according 
to  my  knowledge,  has  been  the  first  to  point  out  the 
serious  pressure  loss  sometimes  caused  by  the  same. 
This  line  is  used  to  lower  the  temperature  of  the  blast 
for  regulating  purposes  and,  as  it  winds  through  tight 
places  around  the  stoves  it  is  often  made  too  small. 
In  order  to  force  sufficient  cold  air  through  this  line 
it  is  often  the  practice  to  throttle  a  valve  in  the  main 
line  leading  through  the  stove.  This  means  a  loss  of 
energy  which  sometimes  is  quite  large.  I  am  satis- 
fied that  you  will  try  to  remedy  this.  But  the  fact 
that  the  throttling  is  being  practised,  and  because  less 
blast  will  enter  the  furnace  at  such  time  is  a  proof 
to  me  that  it  is  possible  to  blow  a  furnace  some  times 
somewhat  lighter  without  harm  and  that  it  is,  there- 
fore, feasible  to  vary  the  blast  somewhat  without  inter- 
ferring  with  good  blast  furnace  operation.  We  have 
also  learned,  during  the  time  of  political  strife,  that  it 
is  much  less  harmful,  than  most  of  us  thought,  to  re- 
duce the  blast.  There  are  quite  a  number  of  plants 
where  they  reduce  the  blast  on  Sundays,  because  the 
blast  furnace  gas  is  so  valuable  for  them.  All  this 
shows  that  the  furnace  will  stand  it  all  right  to  be  used 
as  an  organ  for  regulation  for  the  whole  gas  distribut- 
ing system.  In  limits  of  from  5  per  cent  to  10  per 
cent  at  least,  it  can  in  some  cases  be  utilized  for  the 
regulation  of  gas  volume. 

We  have  conducted,  during  the  last  weeks,  tests 
with  gas  producers  which  have  proven  to  us  that  they 
can  be  operated  for  a  very  variable  production.  The 
tests  were  made  on  slagging  producers  which  were 
operated  according  to  a  predetermined  schedule  as 
far  as  gas  production  was  concerned  by  changing  the 
amount  of  blast  to  obtain  the  desired  gas  volumes.. 
With  the  blast  furnace,  of  course,  nobody  would  go 
that  far;  but  in  certain  limits  regulation  is  feasible. 

Third :  The  most  serious  loss,  which  often  occurs 
through  negligence,  is  the  loss  of  blast  through  leaks. 
I  do  not  exaggerate  when  I  claim  that  some  times  from 
30  per  cent  to  40  per  cent  of  the  blast  is  lost  between 
blowing  engines  and  tuyeres.  To  overcome  this,  I 
would  recommend  regular  inspection  of  the  blast 
mains,  inclusive  of  all  joints  and  flanges.  There  are 
only  a  few  plants  where  such  inspection  is  made  reg- 
ularly every  month.  Also  you  will  find  at  each  inspec- 
tion that  some  repairs  are  needed  at  the  bustle  pipe, 
blowstocks,  and  blowpipes.  If  there  is  a  leak  of  only 
a  square  millimeter,  it  must  be  attended  to  at  once. 
In  such  case  welding  is  often  very  convenient.  Often 
much  air  is  lost  by  leaky,  cold,  and  hot  blast  valves. 
One  of  the  works  has  built  with  good  success  double 
valves — one  after  the  other — to  replace  the  single 
valves. 

The  last  point  for  saving  of  fuel  which  I  wish  to 
mention,  is  the  spare  blowing  engine,  which  is  kept 
warmed  up  in  case  of  necessity  and  which  costs  in  a 
year  hundreds  of  thousands  in  steam.  The  Commis- 
sion has  strongly  recommended  to  shut  down  these  and 
install  in  their  place  fans  which  blow  only  a  few  inches 
of  water  and  which  are  sufficient  to  start  the  furnace 
again  after  a  complete  shut-down. 


Discussion. 

Manager  Jaeger — Bochum:  Dr.  Rummel  stated  in 
the  beginning  of  his  paper  that  we  should  attempt  to 
blow  more  blast  in  order  to  avoid  variation  in  the 
quantity  of  blast  furnace  gas.  I  believe  that  this  is 
already  being  done  for  quite  some  time  at  all  those 
works  where  it  is  necessary  to  pay  especial  attention 
to  the  supply  of  blast  furnace  gas  for  the  whole  plant. 
Regarding  blast  saving;  would  say  that  this  point  is 
of  extraordinary  importance.  We  have  in  our  works 
at  present  a  yearly  loss  of  from  two  and  one  half  million 
to  two  and  eight-tenth  million  marks  through  blast 
leakage,  notwithstanding  that  the  losses  have  been  re- 
duced during  the  last  few  years  about  15  per  cent. 

Manager  Harr — Hoerde:  Dr.  Rummel  has  stated 
that  credit  given  for  surplus  blast  furnace  gas  at  most 
works  is  too  small.  This  is  right  without  doubt.  The 
question  is — Why  is  this  credit  set  so  low?  The  an- 
swer is  this — Because  the  quantities  furnished  are  so 
irregular.  The  other  departments  of  the  works  have 
to  be  so  equipped  that  they  can  fall  back  at  any  tmie 
upon  reserve  apparatus.  The  blast  furnace  man  can- 
not help  this;  he  has  to  look  out  first  for  himself  in 
order  to  keep  his  plant  running  properly  and  to  avoid 
interruptions  which  might  be  more  costly.  Just  on 
account  of  the  great  variation  in  the  volume  of  the  gas 
which  can  be  furnished  to  outside  departments  the 
credit  is  so  low  and  not  as  high  as  it  really  ought  to  be. 
I  express  the  hope,  however,  that  the  day  will  come 
when  we  can  make  more  uniform  deliveries  of  gas.  1, 
therefore,  feel  thankful  that  our  attention  has  been 
drawn  to  various  matters  which  will  help  us  to  make 
progress.  Unfortunately,  it  is  not  possible  for  all  of 
us  to  install  such  an  enormous  gas  holder  as  the  one 
installed  at  Ilsede.  We  have  to  do  the  best  we  can 
with  our  means. 

The  suggestion  regarding  the  idle  periods  in  the 
operation  of  mills  is  very  good.  I  have  heard  from 
other  plants  that  they  are  getting  great  savings  in  this 
manner.  The  idea  is  ver}-  obvious  but  I  will  tell  you 
that  it  does  not  work  with  us.  And  why?  Only  be- 
cause the  men  do  not  want  to  help  along.  The  work- 
men still  rule  in  a  great  many  points.  Not  everywhere 
do  the}'  agree  to  a  second  turn  after  a  pause  of  four 
hours.  One  turn  would  end  at  midnight  or  would 
begin  at  midnight.  This  is  too  inconvenient  for  the 
men.  They  even  decline  to  work  Saturday  nights; 
therefore  you  will  observe  in  passing  our  plant  that 
almost  every  night  enormous  amounts  of  blast  furnace 
gas  are  bled,  burning  like  an  enormous  torch,  while 
during  the  day  we  are  short  of  gas.  It  is  even  worse 
in  the  night  from  Sunday  to  Monday,  when,  besides 
the  blast  furnace  gas,  millions  of  cubic  feet  of  the  valu- 
able coke  oven  gas  are  bled  because  the  gas  holder 
has  not  sufficient  capacity  to  store  it. 

We  have  tried,  I  do  not  know  how  often,  to  make 
it  clear  to  our  men  what  enormous  National  values 
are  destroyed  through  their  refusal.  The  labor  leaders 
see  it  and  admit  it  but  their  influence  upon  the  masses 
is  not  sufficient  to  allow  us  to  make  better  arrange- 
ments. 

Manager  Dr.  Hartman — Ilsede:  Dr.  Rummel  has 
told  us  that  it  is  the  duty  of  the  blast  furnace  man  to 
absorb  in  his  own  department  the  peaks ;  that  means, 
the  time  at  which  there  is  a  surplus  of  gas  and  that  he 
should  deliver  to  his  colleagues  in  the  other  depart- 
ments, which  use  blast  furnace  gas,  the  remaining  uni- 
form quantities  of  gas.    Dr.  Rummel  also  told  us  that 
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we  could  find  a  way  tu  absorb  the  peaks  by  properly 
operating  the  stoves.  That  is  true,  and  there  are  quite 
a  number  of  simple  means.  For  instance,  we  have  an 
arrangement  in  ilsede  which  shows  in  all  engine  houses 
and  at  all  blast  furnaces  and,  if  necessary,  also  at  each 
group  of  stoves,  when  a  blast  furnace  casts  or  is 
checked.  There  is  at  all  furnaces  and  at  all  engine 
houses,  a  box  at  a  place  wliere  it  can  be  easily  observed. 
This  box  has  as  many  pigeon  holes  as  there  are  blast 
furnaces.  The  pigeon  holes  carry  the  number  of  the 
furnaces.  The  front  wall  of  the  pigeon  hole  consists 
of  a  tin  plate  in  which  the  several  blast  furnace  num- 
bers are  cut  out.  Behind  this  plate  is  a  colored  glass 
which  is  lighted  by  an  electric  light  behind  it  and 
shows  the  number  very  plainly  for  a  long  distance.  All 
these  boxes  are  connected  by  wires.  If  one  furnace 
casts,  for  instance,  I'urnace  No.  4,  then  the  blower  at 
h'urnace  No.  4  sets  the  switch  at  his  furnace  and  at 
all  furnaces  and  at  all  engine  rooms  No.  4  is  shown 
and  also  at  all  groups  of  stoves.  This  signal  means 
Furnace  No.  4  casts.  Now  it  is  not  permitted  to  any 
other  furnace  to  check.  It  is  not  permitted  to  change 
stoves  and  it  means  attention  for  the  engineers  at  the 
engine  houses  and  they  watch  the  pressure.  If  the 
pressure  of  the  blast,  on  account  of  checking  of  the 
furnace,  increases  at  the  other  furnaces,  then  this  will 
be  only  temporary  and  the  other  furnaces  are  getting 
more  blast,  as  has  been  proposed  purposely  by  Dr. 
Rummel.  Of  course,  this  only  holds  good  in  such 
plants  where  all  furnaces  receive  their  blast  from  the 
same  l)last  header,  as  is  the  practice  at  our  plant.  The 
stove  men  are  instructed  to  change  the  air  supply  at 
the  stove  burners  according  to  the  prevailing  gas  pres- 
sure. It  is  doubtful  if  they  do  this  also  always  at 
night ;  at  any  rate  I  doubt  it.  But  we  obtain  a  certain 
amount  of  uniformity  in  the  use  of  blast  furnace  gas 
at  the  furnace  itself.  This  uniformity  can  still  further 
be  improved  if  the  individual  stoves  for  the  several 
blast  furnaces  arc  changed  on  a  time  schedule;  for 
instance — 

Stoves  of  Furnace  No.  1  are  changed  at 

9:15  —  10:15—  11:15,  and  so  on 

Stoves  of  Furnace  No.  2  are  changed  at 

9 :30  —  10 :30  —  1 1  :30,  and  so  on 

Stoves  of  Furnace  No.  3  are  changed  at 

9 :45  —  10 :45  —  1 1 :45,  and  so  on 

Stoves  of  Furnace  No.  4  are  changed  at 

10 — ■        11 —        12,  and  so  on 

In  this  way  the  change  of  stoves  is  distributed  uni- 
formly and  if  there  are  no  other  disturbances,  we  have 
a  fairly  regular  gas  consumption. 

At  the  last  visit  of  the  Commission  for  Fuel  Saving 
at  Ilsede  I  have  pointed  out  to  these  gentlemen  that 
we  have  succeeded  to  quite  some  extent  to  use  the 
stoves  as  heat  reservoirs ;  that  is,  that  we  heat  the 
stoves  up  to  the  limit  as  often  as  we  can  at  such  times 
when  we  have  a  gas  surplus  and  that  at  such  times 
when  there  is  a  great  demand  for  gas  in  other  depart- 
ments we  either  do  not  tire  any  gas  at  all  or  but  only 
verj-  little  at  the  stoves.  I  have  shown  these  gentle- 
men that  in  Ilsede,  during  the  time  of  greatest  demand. 
45  per  cent  and  more  of  the  total  production  of  blast 
furnace  gas  was  turned  over  into  electric  energy  and 
that  only  19  per  cent  to  20  per  cent  was  left  for  licat- 
ing  the  blast. 

There  is  not  a  blast  furnace  man,  I  am  sure,  who 
will  agree  altogether  with  the  proposals  of  Dr.  Rum- 
mel and  will  be  good  enough  to  furnish  to  other  ,le- 


l)artinents  a  most  liberal  and  uniform  volume  oi  gas 
and  at  the  same  time  suffer  from  lack  of  gas  in  his  own 
deijartment.  The  blast  furnace  man  has  to  look  our 
for  his  furnaces  first  and  he  has  to  have  sufficient  -e- 
sei\e  at  all  times  for  all  contingencies.  1  do  not  be- 
lieve that  this  latter  point  can  be  changed. 

Manager  Zillgen — Wetzlar:  I  cannot  follow  Man- 
ager iiaruuan  in  what  he  meant  regarding  the  uni- 
form ciianging  of  stoves.  1  think  it  is  necessai)  t  . 
maintain  in  the  stoves  a  certain  final  temperarur-j ; 
therefore,  1  would  not  agree  to  change  stoves  at  a 
certain  predetermined  time.  I  do  not  believe  that  we 
would  obtain  good  results  this  way.  We  are  making 
\  ery  extended  use  in  other  departments  of  blast  fur- 
nace gas  and  we  are  absolutely  of  the  opinion  that 
the  stoves  are  the  best  heat  reservoirs  and  that  ihev 
have  to  absorb  the  peaks  and  we  are  at  it  now  to  in- 
stall gas  pressure  legulators  for  furnishing  uniform 
pressure  of  gas  to  the  other  departments.  W'e  will 
also  equij)  the  stoves  with  differential-pressure  icgu- 
lators  so  that  we  will  be  in  a  i)osition  to  regulate  the 
air  sui)])ly  for  the  stoves  to  conform  It)  the  gas  qu:;n- 
tities  when  the  gas  pressure  varies.  W'e  have  already 
attained  good  results  in  trying  this  system  and  we 
have  a  much  more  regular  pi  essure  curve  in  the  ..ilicr 
departments  than  we  had  formerly. 

Manager  Schmidt — Oberhausen:  In  connection 
with  gas  economy,  I  would  like  to  mention  the  fol- 
lowing :  Statements  have  been  made  here  regarding 
the  consumption  of  gas  by  the  stoves  which  vary  very 
considerably.  The  values  vary  between  18  per  cent 
and  30  per  cent.  In  our  works  we  have  lately  paid 
much  more  attention  to  the  economical  use  of  blast 
furnace  gas  and  we  have  accomi>lished  a  good  deal. 
The  blast  furnace  man  has  been  given  to  understand 
that  it  is  not  so  necessary  to  keep  down  the  coke  con- 
sumption as  was  the  case  in  former  years  because  we 
have  been  arriving  at  the  conclusion  that  saving  of 
coke  is  not  the  most  economical  thing  to  do  for  the 
whole  plant.  The  result  is  that  the  blast  furnaces  are 
used  to  some  extent  now  as  producers,  because  we  are 
not  working  any  more  with  such  high  blast  tempera- 
tures. This  allows  us  to  burn  more  coke.  I  would 
recommend  to  those  works  where  they  use  only  18 
])er  cent  of  blast  furnace  gas  for  their  stoves  to  com- 
pare their  blast  temperatures  with  those  of  former 
years  where  the  stoves  used  more  gas  and  they  will 
find  that  also  their  coke  consumption  per  ton  of  iron 
has  risen  accordingly. 

Dr.  A.  Wagner — Duisburg:  I  want  to  speak  re- 
garding the  suggestion  of  Dr.  Rummel  to  use  the 
stoves  as  heat  reservoirs  for  absorbing  the  peaks.  I 
do  not  consider  the  use  of  the  stoves  for  this  purpose 
as  ideal.  It  is  a  better  solution  if  it  can  be  done  and 
as  has  been  done,  according  to  my  knowledge,  first  at 
the  Duisburg  Copper  Works.  The  best  and  most  eco- 
nomical user  of  the  peaks  is  the  turbine.  The  peaks, 
which  are  the  result  of  irregular  consumption  of  gas, 
can  l)e  absorbed  without  any  trouble  by  the  boiler 
jdants  and  turbines  and  the  power  can  be  taken  care 
of  through  supply  of  current  to  the  municipal  power 
stations.  According  to  my  opinion,  there  is  a  very 
good  field  here  for  the  fuel  engineer  and  the  central 
station  engineer  in  particular.  I  have  heard  of  a  sec- 
ond case  where  Rheinische  Stahlwerke  have  entered 
into  negotiations  with  the  City  of  Duisburg  in  order 
to  turn  over  their  surplus  gas  at  their  Works  in  Meide- 
rich  on  .Sundays.  In  return,  the  works  of  the  company 
situated   at    Duisburg   take    current   during   the   week 
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from  the  municipal  plant  and  this  current  is  partially 
paid  for  by  the  power  supplied  by  the  works.  In  most 
cases  there  would  be  no  trouble  to  find  buyers  for 
current.  I  can  very  well  imagine  that,  for  instance,  a 
city  like  Duisburg  would  shut  down  their  central  power 
s'.ation  on  Sundays  and  take  all  their  current  {r;.ni  the 
mills.  Or,  better  still,  that  the  mills  would  at  all  times 
be  in  connection  with  the  city  power  station  and  give 
continually  their  sur])lus  current  to  the  city.     Ciiies, 


I  believe,  will  be  only  too  glad  to  avail  themselves  of 
such  an  arrangement. 

1  believe  I  do  not  give  away  any  secrets  if  I  tell  you 
that  we  sell  our  current  to  the  city  for  the  value  cf  the 
coal  equivalent  of  our  gas.  The  price  which  the  city 
pays  is,  therefore,  very  small.  While  the  city  ciarges 
from  two  to  two  and  a  half  marks  per  kw  hour,  we 
furnish  to  the  city  the  kw  hour  for  three  tentns  of  a 
mark.  We  make  money  by  this  arrangement  a.id  the 
city  makes  much  more  money. 


Distribution  of  Tar  Recovery  From  By- 
product Coke  Oven   Gas 

Some  Interesting  Experimental  Work  on  the  Recovery  of  Tar  Is 
Tabulated — Distribution  Figures  Are  Given. 

By  FREDERICK  M.  WASHBURN  and  GEORGE  E.  MUNS* 


AT  the  by-product  coke  plant  of  the  Wisconsin  Steel 
Works,  located  at  South  Chicago,  111.,  an  investi- 
gation was  made  into  the  quantity  and  composi- 
tion of  the  tar  removed  at  various  points  along  the  path 
of  the  gas,  resulting  in  the  data  given  below. 

The  plant  consists  of  two  batteries,  each  of  44  W'il- 
putte  ovens,  together  with  complete  direct  type  by-prod- 
uct recovery  apparatus.  The  gas  is  conducted  by  goose- 
necks from  the  top  of  the  oven  through  a  nuishrooni 
valve  and  into  the  collecting  main.  At  the  mushroom 
valve  it  meets  a  spray  of  flushing  liquor,  which  prevciUs 
pitching  of  the  valve  seats.  The  gas  is  then  drawn 
through  the  suction  mains  where  it  is  again  sprayed  with 
flushing  liquor  and  conducted  to  primary  coolers,  which 
are  of  standard  indirect  type,  water  tube  design.  From 
this  point  it  passes  through  Root  positive  exhausters, 
which  force  it  through  the  tar  extractor  and  other  appa- 
ratus for  the  recovery  of  by-products. 

Fig.  1   shows  diagrannuatically  the  flow  of  gas  from 
the  ovens  through  the  gas  mains  and  apparatus,  and  the 
points  at  which  condensed  or  extracted  tar  is  drawn  off^. 
for  subsequent  separation  and  storage.    Temperature  and 
pressure  conditions  are  shown  by  notation  at  these  points. 

All  tests  were  run  under  uniform  operating  conditions, 
with  temperatures  and  ])ressures  normal,  with  an  average 
net  coking  time  of  22  hours  51  minutes,  and  with  a  coal 
mixture  of  95  per  cent  Benhani  (high  volatile)  and  5 
per  cent  Pocahontas  (low  volatile)  coal.  Average  tar 
and  gas  yields  per  ton  of  dry  coal  charged  were  taken 
over  a  period  of  24  days  operating  at  this  coking  time. 
and  amounted  to  11.39  gallons  of  tar  and  ll,3f)5  cu.  ft. 
of  gas.  All  figures  in  tar  gallonage  are  calculated  on  a 
moisture  free  basis  because  of  the  wide  variation  in  mois- 
ture content  of  different  tars  separated. 

•  The  general  plan  of  the  test  was  to  actually  measure 
the  tar  recovered  at  the  difl^erent  points  for  a  definite 
period  of  time,  noting  the  total  volume  of  gas  handled 
during  that  time,  and  obtaining  a  representative  sample 
for  analysis  of   the   tar   produced.      Lack   of   tank   space 

*Mr.  Washburn  is  coke  plant  chemist  and  Mr.  Muns  gen- 
eral by-product  foreman  at  the  plant  of  the  Wisconsin  Steel 
Works. 


made  the  actual  running  time  of  the  tests  shorter  than 
was  expected,  but  good  checks  were  obtained  by  repeat- 
ing.    In  detail,  the  procedure  was  as  follows : 

Test  A— P.  &  A.  Tar  Extractors. 

The  hot  drain  tank  was  isolated  and  the  tar  sepa- 
rated by  the  P.  &  A.'s  discharged  into  this  tank.  Meas- 
urements were  made  at  the  start  and  finish  of  each  run, 
and  gallonage  determined  from  the  tank  calibration  and 
measurements.  The  sample  for  analysis  was  taken  from 
the  seal  pot  overflow. 

Test  B — Gas  Chamber  (After  Exhauster). 

The  gas  chamber  was  emptied  at  the  start.  During 
the  run  the  condensate  was  drained  into  tarred  barrels  at 
regular  intervals,  and  at  the  finish  of  the  run.  The  gal- 
lonage was  determined  from  the  weight  and  specific 
gravity  of  the  tar.  The  sample  for  analysis  was  taken 
from  the  barrels. 

Test  C — Exhauster  Drain  (Section  Side). 

The  exhauster  drains  were  sealed  off  in  500-gal,  cylin- 
drical tubs,  which  were  measured  at  start  and  finish  of 
run.  and  the  gallonage  determined  by  calibration  and 
meastirements.  The  sample  for  analvsis  was  taken  from 
the  tubs. 

Test  D — Primary  Coolers. 

The  drains  from  the  primary  coolers  were  discharged 
into  the  isolated  hot  drain  tank,  which  was  measured  at 
the  start  and  finish  of  the  run.  The  gallonage  was  deter- 
mined by  the  tank  measurements  and  calibration.  The 
samples  for  analysis  were  taken  at  the  siphon  pot. 

Test  E — Suction  and  Collecting  Mains. 

This  tar  occurred  in  small  quantities  in  comparativelv 
large  quantities  of  liquor,  and  owing  to  the  difficulty  of 
measurement,  the  amount  of  tar  separated  here  was  ob- 
tained by  the  difference  between  the  previous  tests  and 
the  total  production.  Separate  samples  for  analvsis  were 
taken  from  the  suction  and  collecting  mains.  In  order 
to  secure  an  uncontaminated  sample,  an  all  liquor  flush 
was  circulated  for  four  hours  before  the  test  and  during 
the  test. 
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Moisture  determinations  were  made  on  all  samples 
except  those  from  the  suction  and  collecting  mains.  All 
samples  were  dehydrated,  and  specilic  gravity,  free  car- 
bon and  distillation  determinations  made  on  the  dehy- 
drated tars.  The  specific  gravity  determinations  were 
made  with  a  Westphal  balance  with  the  exception  of  the 
samples  from  the  suction  and  collecting  mains,  which 
were  too  viscous  for  this  method,  so  a  tar  specific  .grav- 
ity bottle  was  used.  The  distillations  were  made  on  a 
100  cc.  sample  in  a  200  cc.  side  neck  distillation  flask  con- 
nected to  a  vertical  condenser. 

Table  I — Distribution  of  Tar 


Test 


Location                     gci  ^*^ 

Go  §P. 

P.&A.    Tar    Extractor..   325  awi.fi 

Gas  Chamber   325  2451.5 

Exhauster    325  24,51.5 

Primary    Cooler    120  8t>7.5 

1  Suction    Main 
^  Collecting  Main 

Table  II— Analysis  of  Tar 


u 
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6o 
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7.::o 

40  50 

.0202 

2.01 

4:«.26 

.17(57 

17.64 

354.96 

.4002 

40.84 

.3227 


32.21 


Sp.Gr 

Moisture 

15.5»C. 

Free 

Carbon 

Under  110° 

170° 

a-{5° 

235° 

270° 

270" 
300° 

Residne 

Test 

15.5° 

110°  C.  170° 

&  Loss 

A 

4.4o 

1.135 

4.21 

1.5%     6.0 

39.5 

9.5 

6.5 

37.0 

B 

.47 

1.140 

3.43 

1.0        3.0 

30.0 

10.5 

5  5 

.50.0 

r 

C.50 

1.121 

3.44 

1.5        5.5 

33.0 

100 

80 

42.0 

n 

5.60 

1.140 

3.48 

.5        5.0 

35.5 

11.0 

60 

42.0 

R 

1.229 

11.94 

2.5 

4.0 

BO 

87.0 

F 

1.202 

10.92 

5.0 

6.0 

7.0 

82.0 

The  tar  obtained  from  the  exhauster  drains  (Test  C) 
probably  represents  separated  tar  mechanically  carried 
over  from  the  primary  coolers,  as  from  Table  II  it  may 
be  seen  that  Samples  C  and  D  are  very  similar  in  com- 


position. Sample  C  is  a  slightly  lighter  tar  than  Sample 
D,  which  would  naturally  follow,  since  Sample  D  is  com- 
posed of  tar  separated  in  all  sections  of  the  primary  cool- 
ers, while  Sample  C  probably  consists  mainly  of  tar  from 
the  last  or  coldest  section.  From  Table  I  it  may  be  seen 
that  over  90  per  cent  of  the  tar  present  in  the  gas  is  re- 
moved during  it.s  passage  through  the  mains  and  primary 
coolers.  Two  per  cent  of  the  remaining  tar  is  removed 
by  passage  through  the  exhauster,  leaving  only  a  little 
over  7  per  cent  to  be  removed  by  the  tar  extractor.  The 
free  carbon  and  residues  on  Samples  E  and  F  are  ex- 
tremely high  due  to  coal  dust  mechanically  carried  over 
from  the  ovens.  This  coal  dust  is  subsequently  removed 
in  a  pitch  trap.  The  tar  from  Tests  E  and  F  is  very 
heavy  and  viscous,  since  they  were  separated  at  a  high 
temperature.  As  the  separation  temperature  is  lowered, 
the  tars  become  lighter  and  more  fluid.  Due  to  the  in- 
crease in  pressure  and  temperature  caused  by  passage 
through  the  exhauster,  a  heavier  tar  is  separated  from 
the  gas  chamber  (Test  B).  Up  to  this  point  the  separa- 
tion of  tar  has  been  governed  mainly  by  temperature  and 
pressure  conditions,  but  in  the  P.  &  A.  tar  extractor,  the 
temperature  and  pressure  cease  to  play  such  an  important 
part,  for  the  mechanical  action  of  the  impingement  of 
the  gas  on  a  surface  causes  the  separation.  The  tar 
separated  from  the  tar  extractor  (Test  A)  represents 
practically  the  last  traces  of  tar  in  the  gas,  and  is  the 
tar  having  the  greatest  percentage  of  oils  and  least  pitch 
residue  of  any  of  the  tars  tested. 


STEEL  COMPANIES   CONSOLIDATE 

Arrangements  have  been  made  for  the  consolida- 
tion of  the  Electric  Alloy  Steel  Company  of  Youngs- 
town  and  The  Atlas  Crucible  Steel  Company  of  Dun- 
kirk, N.  Y.  Approval  of  the  respective  boards  of  direc- 
tors is  all  that  is  necessary  to  close  the  deal. 
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Use  and  Abuse  of  Powdered  Fuel  for 

Stationary  Boilers 

Any  Great  Advance  in  Combined  Boiler  and  Furnace  Efficiency 
Will  Depend  Largely  Upon  the  Full  Utilization  of  Radiant  Heat. 

By  JOHN  E.  MUHLFELD* 


THE  first  successful  use  of  powdered  fuel  was  in 
cement  kilns.  As  the  requirements  in  efficiency  and 
economy  for  that  purpose  were  not  such  as  to  neces- 
sitate complete  combustion  in  a  short  distance,  nor  any 
particular  disposal  of  the  non-combustible  due  to  the  lat- 
ter being  reclaimed  with  the  product,  and  as  the  price  of 
coal  at  that  time  was  relatively  cheap,  these  factors  were 
of  no  great  import. 

\\'hen  the  burning  of  powdered  fuel  was  introduced 
in  stationary  boiler  furnaces  located  in  cities  and  towns, 
entirely  different  and  more  difficult  conditions  were  en- 
countered, and  numerous  troubles  in  pulverization,  stor- 
age, conveying  and  feeding,  as  well  as  due  to  the  inability 
to  secure  quick  and  complete  combustion  in  short  travel 
and  small  space,  and  to  overcome  the  difficulties  resulting 
from  the  unconsumed  combustible  and  the  ash  accumu- 
lating in  the  boiler  and  furnaces  in  the  form  of  slag, 
honeycomb  or  fine  dust,  as  well  as  being  discharged  from 
the  stack,  became  immediately  apparent.  As  a  result, 
during  the  past  ten  years  a  great  deal  of  information  has 
been  presented  before  various  engineering  societies  and 
published  in  technical  and  trade  journals  and  papers  as 
to  how  these  difficulties  could  be  overcome,  but  inasmuch 
as  a  large  amount  of  this  information  has  been  compiled 
by  people  who  have  not  been  directly  responsible  for 
devising  means,  methods  and  processes  for  the  develop- 
ment, installation  and  operation  of  powdered  coal,  the 
broadcasting  of  a  lot  of  this  misleading,  unfounded,  and 
purely  theoretical  information  has  resulted  in  many  false 
impressions  and  in  numerous  installations  of  powdered 
fuel  burning  equipment  with  attendant  high  initial  in- 
vestment and  operating  costs,  and  performance  disap- 
pointments, which  could  have  been  avoided  by  competent 
engineering  analyses  and  supervision. 

Hazard. 

Danger  from  the  use  of  powdered  fuel,  more  particu- 
larly during  the  early  stages  of  its  development,  was 
largely  due  to  the  dryuig  and  ■  pulverization  equipment 
and  processes  used,  the  mixing  of  the  powdered  fuel  and 
air  in  a  combustible  state  for  conveyance  and  distribu- 
tion for  long  distances  prior  to  storage  or  feeding  to  the 
furnace,  and  to  the  lack  of  practical  knowledge,  in- 
structions and  experience. 

A  number  of  systems  are  still  in  use  and  being  in- 
stalled which  involve  a  certain  element  of  danger  when 
there  is  a  failure  to  observe  the  proper  instructions,  but 
the  more  recent  developments,  whereby  the  necessity  for 
direct  or  indirect  heat  drying  prior  to  powdering  is  now 
made  unnecessary,  and  the  powdered  fuel  can  be  con- 
veyed direct  from  the  pulverizing  equipment  to  the  fur- 
nace without  intermediate  storage  or  distribution,  prac- 
tically eliminate  the  liability  for  spontaneous  combustion. 


♦Consulting  Engineer,   New  York  City. 


fires  or  explosions  that  may  be  caused  by  negligence,  and 
reduce  the  hazard  below  that  which  obtains  with  the  use 
of  fuel  oil  or  gas. 

Preparation  and  Storage. 

The  investment,  upkeep  and  operating  cost  for  the 
preparation  and  storage  of  fuel  in  powdered  form  has 
been  the  greatest  single  factor  in  retarding  its  more  ex- 
tended use,  particularly  in  plants  using  less  than  an  aver- 
age of  80  tons  of  fuel  daily  where  the  greater  capacity, 
efficiency  and  economy  obtainable  do  not  justify  the  in- 
creased fixed  charge.  This  has  been  due  principally  to 
the  fact  that  the  majority  of  the  pulverizing  mills,  which 
are  in  use  and  being  marketed  today,  were  originally 
designed  for  the  powdering  of  cement  clinker,  ores  and 
paints  and  not  adapted  to  fuel.  Pulverizing  equipment 
of  this  kind,  wherein  the  sizing  of  the  product  is  de- 
pendent upon  its  passage  through  screens,  was  largely 
responsible  for  the  use  of  direct  and  indirect  heat  fuel 
dryers  and  for  the  early  claims  that  fuel  for  pulveriza- 
tion should  be  dried  to  a  moisture  content  of  not  less  than 
one  per  cent.  While  the  development  of  the  air-sepa- 
ration types  of  pulverizers  brought  about  a  considerable 
improvement  in  this  regard,  they  did  not,  particularly  for 
the  reason  of  the  first  cost  and  the  cost  for  operation, 
greatly  relieve  the  situation,  and  it  has  remained  for  a 
self-contained  unit  system  of  pulverization,  which  is  now 
being  developed  along  efficient  and  practical  lines,  to 
enable  the  elimination  of  large  and  expensive  buildings, 
storage  bins  elevating  and  conveying  equipment,  dry- 
ers, pulverizers,  and  all  other  intermediate  and  accessory 
machinery. 

Another  retarding  factor  and  which  resulted  from 
the  use  of  powdered  coal  in  cement  kilns,  and  experi- 
mentally in  steam  locomotives,  has  been  the  general  im- 
pression that  the  fuel  nuist  be  of  such  fineness  that  at 
least  95  per  cent  will  pass  through  a  100-mesh,  and  at 
least  85  per  cent  through  a  200-mesh  screen.  The  cost 
to  produce  this  degree  of  pulverization  by  direct  or  indi- 
rect heat  drying  and  milling  is  substantially  higher  than 
the  cost  for  combination  air-drying  and  milling  to  a  fine- 
ness of  about  90  per  cent  through  100-mesh,  and  70  to  75 
per  cent  through  200-mesh,  which  it  has  been  found 
produces  entirely  satisfactory  results  with  bituminous 
coals  and  lignites. 

Distribution. 

The  generallv  designed  preparation  plant  consisting 
of  storage,  drying,  pulverizing,  elevating,  conveying  and 
other  intermediate  apparatus  requires  a  considerable 
amount  of  equipment,  power  and  maintenance  for  the 
handling  and  distribution  of  the  raw,  dried  and  powdered 
fuel.  Where  .systems  which  combine  and  distribute  com- 
bustible mixtures  of  powdered  coal  and  air  are  installed, 
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[lie  power  requirement  for  such  distribution  and  circula- 
tion is  also  a  large  additional  item  of  expense. 

By  substituting  for  such  installations  a  self-contained 
unit  system  of  air-drying,  pulverizing  and  distribution,  a 
iinich  less  cx()ensive  and  complicated  and  a  more  efficient 
and  economical  operating  arrangement  can  be  provided. 

Feeders  and  Burners. 

Much  time  and  money  has  been  and  is  still  being  ex- 
pended in  devising  feeders  and  burners  for  introducing 
powdered  fuel  into  stationary  boiler  furnaces,  whereas 
any  simple  device  which  will  continuously  and  uniformly 
introduce  a  predetermined  supply  of  powdered  fuel  and 
air  mixture  into  the  furnace  will  successfully  meet  all 
requirements. 

Furnaces  and  Boiler  Baffles. 

Various  installations  and  tests  made  during  the  past 
ten  years  in  the  burning  of  powdered  anthracite  and  bitu- 
minous coal  and  lignite,  on  different  types  of  boilers  in 
combination  with  various  designs  of  furnaces  and  baf- 
fles, have  erroneously  led  to  the  general  opinion  that 
only  vertically  baffled  boilers  are  suitable  for  the  burning 
of  powdered  fuels  in  suspension.  The  reason  for  this 
may  be  attributed  to  the  greater  average  depth  of  the 
combustion  space  found  in  combination  with  vertically 
baffled  boilers,  as  well  as  the  permissible  use  of  a  verti- 
cally and  downwardly  injected  fuel  stream  into  a  prelimi- 
nary combustion  chamber  leading  to  the  furnace  proper, 
and  which  arrangement  provides  for  a  relatively  long 
flameway  and  time  element  prior  to  the  absorption  of 
the  heat  combustion.  Vertically  baffled  boilers,  with  the 
usual  means  and  methods  in  vogue,  have  also  reduced  the 
liability  for  the  accumulation  of  honeycomb  and  ash  dust 
in  the  boiler  tube  passes. 

Early  experiments  on  horizontally  and  vertically  baf- 
fled boilers  of  diflferent  types  indicated  that  with  suit- 
able furnace  and  soot  bluwer  equipment  the  evaporation 
results  from  the  horizontally  baffled  boilers  were  equiva- 
lent if  not  greater  than  for  vertically  baffled  boilers,  the 
reason  for  this  being  a  more  favorable  arrangement  of 
heat  absorbing  and  radiating  walls  of  the  furnace  for 
the  purpose  of  flame  and  radiant  heat  propagation. 

.■\  stationary  boiler  installation  is  now  being  made  in 
the  Central  West  where  the  horizontal  system  of  baf- 
fling, in  combination  with  improved  fuel  preparing,  burn- 
ing and  furnace  equipment,  is  being  introduced  for  the 
use  of  powdered  fuel,  and  the  testing  out  of  this  equip- 
ment will  soon  develop  as  to  the  economy  in  first  cost  and 
for  upkeep  and  operation,  practicability  and  general  util- 
ity of  this  system  as  compared  with  the  other  most  suc- 
cessful systems  now  in  use. 

Combustion. 

Almost  any  practical  means  and  methods  may  be  em- 
ployed to  bring  about  the  combustion  of  powdered  fuel, 
but  it  remains  for  a  scientifically  correct  combination  of 
fuel,  preparation,  fuel  and  air  mixture,  feeding,  furnace, 
induction  air,  draft,  boiler  baffling,  soot  blowers,  and 
gas  areas  to  produce  an  oxidizing  atmosphere  in  the  fur- 
nace at  all  times,  in  order  to  produce  efficient  "ferric 
oxide"  instead  of  deficient  "ferrous  sulphide"  chemical 
reaction  or  combustion  results.  This  process  of  chemi- 
cal reaction  having  been  completed,  there  must  then  be 
such  combination  of  air  and  flame-way  travel  as  to  in- 
sure proper  CO,,  heat  and  ash  control  if  satisfactory  re- 
sults are  to  be  accomplished.  Freeiuently  one  or  more 
of  these  essential  factors  are  missing  due  to  either  the 
equipment  or  the  methods  of  operation. 


Brickwork  Wear  and  Tear. 

The  destructive  agencies  of  temperature,  slag,  abra- 
sion, corrosion  and  eutectic  action,  all  of  which  must  be 
resisted  by  the  refractory  materials  used  in  the  furnace 
walls  and  baffles,  have,  in  many  instances,  been  a  serious 
obstacle  to  a  contiiuiation  of  the  use  of  powdered  coal. 
Too  much  importance  cannot  be  placed  upon  the  kind 
and  installation  of  refractory,  arrangement  of  the  beat 
absorbing  and  radiating  walls  of  the  furnaces  and  baf- 
fles, calculation  and  adjustment  of  the  gas  areas  through 
the  boiler,  and  especially  to  the  adjustment  of  the  flame- 
ways  in  a  manner  to  avoid  heat  concentration  and  scour- 
ing action  on  any  of  the  refractory  walls. 

The  ordinary  feeding  and  burning  equipment  is  such 
that  the  control  of  the  flameway  and  the  combustion  is 
dependent  largely  upon  the  velocity  with  which  the  fuel 
mixture  enters  the  furnace,  and  on  the  regulation  of  the 
stack  draft  and  air.  Such  arrangements  cannot  produce 
the  most  satisfactory  combustion,  refractory  and  evapo- 
ration results  and  the  provision  of  means  for  easily, 
quickly  and  closely  regulating  the  direction  and  volume 
of  the  flameways  in  the  furnace  is  a  most  essential  but 
greatly  overlooked  adjunct. 

Ash. 

Pulverization  of  fuel  necessarily  combines  with  it  the 
non-combustible,  the  fine  particles  of  which  are  either 
deposited  in  the  furnace  proper,  on  the  boiler  surfaces 
and  baffles,  or  otherwise  pass  through  the  stack  to  the 
atmosphere.  Those  particles  which  are  deposited  on  the 
boiler  surfaces  and  baffles  can,  with  proper  mechanical 
facilities,  be  readily  blown  of?,  and  those  collecting  in 
the  furnace  may  be  removed  in  the  usual  way.  un'ess, 
due  to  unsuitable  burning  or  furnace  equipment,  they 
are  allowed  to  fuse  into  slag. 

Great  stress  is  laid  by  many  power  plant  and  stoker 
builders  and  operators  on  the  percentage  of  the  ash  which 
finds  its  way  to  the  atmosphere  through  the  stack,  but 
from  observations  made  during  the  past  five  years,  of 
the  stack  of  the  Oneida  Street  Power  Plant  of  the  Mil- 
waukee Electric  Railway  &  Light  Company.  Milwaukee, 
Wis.,  when  carrying  the  load  on  each  the  powdered 
fuel  and  the  stoker  fired  boilers,  sufficient  practical  evi- 
dence is  available  to  show  that  the  impalpable  ash  par- 
ticles emitted  from  the  former  are  decidedly  less  objec- 
tionable than  the  smoke  and  cinders  emitted  from  the 
latter.  In  fact,  as  yet  no  evidence  has  been  found  of  the 
ash  which  comes  from  the  powdered  fuel  equipped  boil- 
ers. It  should  be  remembered,  however,  that  the  sys- 
tem employed  for  the  burning  of  powdered  fuel  has  much 
to  do  with  the  results  to  be  obtained  in  this  direction,  and 
that  several  boiler  plants  are  now,  or  have  been  operated 
with  powdered  fuel  systems  where  not  only  the  ash,  but 
.  also  th^  unconsumed  fuel  particles  emitted  from  the 
stacks  have  been  a  serious  menace.  Even  in  such  cases 
there  has  not  been  the  objection  such  as  can  be  raised 
to  the  smoke  and  cinders  carried  out  of  the  stack  by 
stationary  or  traveling  grate,  or  retort,  stoker  fired  boil- 
ers, especially  when  operated  under  peak  loads. 

Slag. 

With  powdered  fuel  burning  furnaces,  slag  is  the 
result  of  the  fine  molten  or  dry  particles  of  ash  deposited 
on  the  furnace  floor  being  retained  in  a  high  tempera- 
ture location,  with  resulting  fusing  into  a  conglomerate 
mass,  and  these  collections  of  slag  have  been  the  cause 
for  considerable  experimentation,  annoyance  and  ex- 
pense. In  some  cases,  extreme  measures  have  been  re- 
sorted to,  such  as  the  installation  of  undesirable  so-called 
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water  screens,  supplementary  to  the  boiler  proper,  located 
just  above  the  furnace  floors,  for  the  purpose  of  intro- 
ducing a  cooling  etleci:  at  that  point  to  prevent  slagging, 
but  these,  through  the  interposition  of  heat-absorbing 
and  combustion  cooling  surfaces,  invariably  reduce  the 
furnace  efficiency  otherwise  obtainable.  Also  air-cooled 
furnace  floors,  molten  slag  hoppers,  steam  sprays,  and 
like  devices  have  in  some  cases  been  resorted  to,  but 
without  satisfactory  results. 

A  proper  analysis  of  slag  troubles  will  determine  that 
suitable  furnace  design,  production  of  "ferric  oxide" 
rather  than  "ferrous  sulphide"  combustion,  and  regula- 
tion of  C'O^,  is  all  that  is  required  to  eliminate  trouble- 
some slag  conditions. 

Pre-Heating  of  Combustion  Area. 

\\  ith  the  usual  powdered  fuel  iiislallations  the  pre- 
heating of  air,  for  the  purpose  of  advancing  combustion, 
unless  it  can  be  accomplished  by  means  of  waste  heat  in 
combination  with  simplified  means  and  methods,  is  not 
productive  of  any  considerable  net  economy.  However, 
with  more  adaptable  furnace  and  combination  pressure 
and  induction  combustion  air  systems  a  simplified  ar- 
rangement of  furnace  design  and  construction  can  be 
devised  whereby  pre-heated  air  may  be  more  economi- 
cally utilized. 

Superheat. 

The  regulation  of  superheat  temperatures,  more  ]3ar- 
ticularly  where  the  superheaters  are  of  the  radiant  heat 
type,  or  otherwise  located  in  the  furnace  brickwork  in- 
stead of  the  boiler  gas  passages,  is  a  factor  not  to  be 
overlooked,  for  the  reason  that  lack  of  superheat  tem- 
perature is  bound  to  be  reflected  in  machinery,  lubrica- 
tion, efficiency  and  upkeep  troubles,  and  with  the  use  of 
powdered  fuel  it  is  most  important  that  an  automatic 
and  simple  device  for  such  regulation  be  provided 

Conclusions. 

Central  power  station,  industrial  boiler  plant,  and 
marine  and  locomotive  boiler  operations  have  long  since 
established  the  desirability,  efficiency  and  economy  of 
using  oil  or  gas  for   steam  generation,  but  the  gradual 


depletion  of  such  fuels  for  these  purposes,  the  increasing 
cost  for  all  gaseous,  liquid  and  solid  combustibles,  and 
the  accentuated  public  and  industrial  interest  in  the 
necessity  for  greater  conservation  and  utilization  of  fuel 
by-products  or  deposits  which  have  not  heretofore  been 
workable  to  commercial  advantage,  will  now  make  neces- 
sary the  use  of  the  practically  inexhaustible  stores  of  in- 
ferior bituminous  and  anthracite  fuels  and  lignites  in 
the  most  effective  manner,  and  which,  in  powdered  form, 
enables  them  to  be  burned  in  suspension,  the  same  as  nat- 
ural gas  and  fuel  oil. 

Any  great  advance  in  combined  boiler  and  furnace 
efficiency  will  depend  largely  upon  the  full  utilization 
of  radiant  heat.  When  solid  fuels  are  burned  on  grates 
or  in  retorts  the  heat  given  out  is  radiant  only  until  the 
first  evaporation  surfaces  are  reached,  whereas  with 
powdered  fuel  burned  in  suspension,  the  solid  and  gas- 
eous products  of  combustion,  as  well  as  the  increased  re- 
fractory surfaces,  project  radiant  heat  direct  to  a  rela- 
tivel\-  large  proportion  of  the  heating  surfaces  and  this 
enables  an  increase  of  from  20  to  30  per  cent  in  the  other- 
wise obtainable  thermal  efficiency  of  those  boiler  por- 
tions which  are  directly  affected.  In  fact,  the  use  of 
powdered  fuel,  as  compared  with  stoker  firing,  has  shown 
higher  overload  and  average  working  boiler  capacities, 
greater  efficiencies  at  the  higher  ratings,  lower  banking 
and  stand-by  period  fuel  consumption,  reduction  of  non- 
productive labor  for  ash-handling  and  boiler  and  furnace 
upkeep,  elimination  of  the  smoke  and  cinder  nuisances, 
abilitv  to  use  available  supplies  of  cheap,  low-grade  fuels, 
and  practicability  to  burn  gaseous,  liquid  or  solid  fuels 
in  combination  or  independently. 

While  the  necessity  for  the  special  preparation  of  the 
powdered  fuel  has  been  a  retarding  factor  in  its  more 
extended  use,  the  past  ten  years'  experimentation  has  de- 
veloped that  separate  and  costly  fuel  preparing,  storage 
and  distributing  plants  are  unnecessary  adjuncts  for  the 
use  of  powdered  fuel,  as  the  ecjuipment  for  the  latter  can 
now  be  made  a  self-contained  part  of  the  boiler  plant 
and  will  require  no  more  under-cover  space  than  for  the 
installation  of  modern  grate  or  retort  stokers. 


Waste  Heat  Boilers  in  Steel  Plants 

All  Modern  Waste  Heat  Boilers,  Applied  to  Such  Operations  as 
Formerly  Depended  on  Natural  Draft,  Must  Be  Equipped  With 
Induced  Draft  Fans. 

By  J.  C.  HAYES* 


THK   fact   that  there  has  been  a   remarkable   revival 
of  interest  in  waste  heat  boiler  equipment  in  the  past 
few  months  is  a  logical  development  in  view  of  the 
sequence  of  events  as  affecting  waste  heat  boiler  prac- 
tice in  this  countrv. 

In  a  paper  read  before  the  American  Iron  &  Steel 
Institute  in  1915,  Mr.  C.  J.  Bacon — who  was  steam  engi- 
neer at  the  South  Chicago  plant  of  the  Illinois  Steel 
Company  where  most  of  the  experimental  work  was 
done — gave  the  results  of  the  preliminary  work,  together 
with  an  outline  of  the  possibilities  of  further  savings  by 
taking  advantage  of  the  knowledge  gained  in  the  develop- 
ment work  up  to  that  time. 

—  -■*'} 

*Plant  Engineer,  Freyn.  Brassert  &  Company,  Chicago,  111. 


In  a  discussion  of  this  paper  Dr.  D.  S.  Jacobus  of 
the  l')abcnck  &:  Wilcox  Company  stated  that  the  condi- 
tions indicated  in  the  early  stages  of  Mr.  Bacon's  work 
resulted  in  the  Babcock  &  Wilcox  Company  making  a 
careful  study  in  order  to  determine  the  best  means  of 
applying  boilers  to  this  class  of  service,  and  that  the  in- 
vestigations resulted  in  a  radical  change  in  their  waste 
heat  practice. 

It  may  thus  be  seen  that  the  waste  heat  boiler  as  it  is 
known  today  was  only  fairly  well  established  as  an  essen- 
tial to  economical  open  hearth  practice,  when  the  war 
demand  for  steel,  especially  plates,  forced  the  considera- 
tion of  tonnage  with  apparent  disregard  for  the  cost  of 
production. 
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Of  one  thing  we  may  be  sure — the  cost  of  fuel  will 
always  be  a  major  item  in  the  cost  of  any  product  re- 
quiring heat  for  its  production,  and  the  waste  heat 
boiler  as  an  institution  is  here  to  stay,  especially  as  it  has 
been  shown  that  any  process  in  which  steam  is  used  and 
in  which  the  equivalent  of  20,000  pounds  of  gas  an  hour 
at  a  temperature  of  900  deg.  F.  or  more  is  now  wasted 
may  look  forward  to  the  use  of  a  waste  heat  boiler  as  a 
means  of  reducing  manufacturing  costs. 

Practically  all  the  recently  built  open  hearth  furnaces, 
as  well  as  many  other  types  of  furnaces,  either  have 
waste  heat  boilers  as  part  of  the  original  installation  or 
have  space  provided  in  the  design  for  future  boilers. 

A  boiler  designed  for  the  recovery  of  waste  heat  from 
comparatively  low  temperature  gases  must  be  one  in 
which  the  gases  pass  across  the  heating  surface  at  rela- 
tively high  velocity  when  compared  with  the  ordinarv 
direct  fired  boiler. 

In  a  boiler  using  direct  fuel,  as  much  as  65  per  cent 
of  the  heat  may  be  transferred  by  radiation,  or  in  other 
words,  may  be  absorbed  directly  by  the  tubes  from  the 
incandescent  fuel  bed,  arches  and  furnace  walls.  It  is 
generally  conceded  that  heat  thus  absorbed  varies  di- 
rectly as  the  fourth  power  of  the  temperature  difference 
between  the  tubes  and  the  radiating  surface.  In  the 
waste  heat  boiler,  the  heat  thus  available  is  less  than 
one-tenth  of  tb.at  available  in  a  direct  fired  boiler  because 
of  the  absence  of  intensely  heated  surface,  and  the  fur- 
ther fact  that  much  less  of  the  heating  surface  is  ex- 
posed to  the  action  of  the  radiant  heat  from  the  incoming 
gas  passages. 

The  success  of  the  waste  heat  boiler  is  therefore  de- 
pendent almost  entirely  on  the  heat  extracted  from  the 
gas  by  convection  or  direct  contact  of  the  gas  with  the 
heating  surface. 

In  order  to  accomplish  the  maximum  contact  of  hot 
gas  and  tube  surface,  there  must  be  a  positive  scrubbing 
or  tumbling  action  of  the  gas  which  is  accomplished  by 
the  high  velocity  at  which  it  is  passed  across  or  through 
the  tubes,  thereby  preventing  the  natural  tendency  of  the 
gas  to  form  an  insulating  film  of  cool  gas  close  to  the 
heating  surface  and  allow  a  hotter  center,  or  core,  to 
pass  on  without  giving  up  its  heat. 

It  was  the  demonstration  of  the  effect  of  high  velocity 
on  heat  transfer  that  brought  about  the  radical  change  in 
waste  heat  boiler  practic^.  The  failure  to  recognize,  or 
the  inability  to  comply  with  the  high  velocitv  require- 
ments in  waste  heat  practice,  was  undoubtedly  the  cause 
of  many  failures  in  the  early  attempts  to  recover  waste 
heat  from  industrial  furnace  gases,  especially  where  the 
temperature  of  the  waste  gas  was  below  1800  deg.  F. 
Many  forges  and  melting  furnaces  were  equipped  with 
various  types  of  waste  heat  boilers  and  considerable 
recovery  of  heat  in  the  form  of  steam  was  noted  in  such 
installations  as  approximated  straight  coal  fired  condi- 
tions, that  is,  where  waste  gases  were  at  a  temperature 
of  over  1800  deg.  F.  and  the  natural  draft  was  sufficient 
to  pull  the  gas  through  the  boiler  and  still  provide  enough 
draft  for  the  heating  furnace. 

Such  boilers  were  generally  one-pass  fire  or  water 
tube  boilers  set  vertically  over  the  furnace  and  exhausted 
the  gas  directly  to  superimposed  stacks.  The  waste  gases 
from  some  of  these  furnaces  were  as  high  as  2400  deg.  F. 
and  the  recovery  was  good  on  account  of  the  relatively 
large  amount  of  heat  absorbed  by  direct  radiation. 

All  modern  waste  heat  boilers,  applied  to  such  opera- 
tions as  formerly  depended  on  natural  draft,  must  be 
equipped  with  induced  draft  fans.     Ordinarily,  not  over 


8  per  cent  of  the  steam  generated  by  a  boiler  is  required 
for  driving  the  fan,  and  in  cases  where  the  exhaust  steam 
can  be  used  to  heat  feed  water,  the  net  loss  chargeable 
to  the  operation  is  less  than  two  per  cent  of  the  total 
evaporation. 

A  75-ton  open  hearth  furnace  in  which  70,000  lbs.  of 
waste  gas  is  available  at  a  temperature  of  1200  deg.  F. 
will  yield  a  net  recovery  of  354  Bo.  hp.  per  hour  in 
steam  at  160  lbs.  per  sq.  in.  pressure  and  100  deg.  super- 
heat when  equipped  with  a  standard  superheater  and  a 
two-pass  boiler  having  5,700  sq.  ft.  of  heating  surface. 
Under  these  conditions  the  gas  will  be  reduced  to  a  final 
temperature  of  520  deg.  F.  and  the  draft  loss  through 
the  boiler  proper  will  be  1.8  inches  head  of  water.  The 
fan  for  this  particular  installation  will  have  to  handle 
the  gas  at  a  differential  of  2.5  inches  head  of  water  to 
make  up  for  frictional  losses  in  the  valves,  flues  and 
superheater. 

In  certain  cases  it  may  be  profitable  to  reduce  the 
final  gas  temperature  much  lower  than  520  deg.  F.  The 
test  data  now  available  for  calculating  the  performance 
of  waste  heat  boilers  is  such  that  the  amount  of  heat 
recoverable  under  any  given  set  of  conditions  may  be 
accurately  predicted,  and  the  advisability  of  obtaining 
final  temperatures  below,  say,  520  deg.  F.  is  merely  a 
matter  of  capitalizing  the  extra  investment  required  for 
extending  the  heating  surface  and  making  allowance  for 
the  added  power  required  for  driving  the  fan. 

There  are  a  number  of  fire  tube  boilers  now  in  waste 
heat  service  in  which  final  gas  temperatures  average  less 
than  400  deg.  F.  These  are  three-pass  boilers  in  which 
the  last  pass  serves  as  an  economizer  element.  The  size 
of  tubes  and  amount  of  heating  surface  in  a  boiler  for 
any  given  weight  of  gas  is  ordinarily  based  on  reducing 
the  temperature  of  the  gas  to  a  minimum  of  450  deg.  F. 
and  a  maximum  of  550  deg.  F.  Final  temperatures  out- 
side this  range  are  not  economical  except  in  such  cases 
as  the  investment  in  an  economizer  element  is  considered. 

.\ny  type  of  water  tube  boiler  that  is  satisfactory  for 
straight  fire  service  may  be  adapted  to  waste  heat  serv- 
ice bv  arranging  the  baffles  so  as  to  increase  the  gas 
velocitv,  but  it  has  been  shown  that  those  types  in  which 
the  gas  passes  at  right  angles  to  the  center  line  of  the 
tubes,  or  approximately  so.  will  give  better  heat  transfer 
than  those  in  which  the  flow  of  gas  is  parellel  to  the 
center  line  of  the  tubes.  While  this  is  also  true  to  some 
extent  in  direct  fired  boilers,  the  particular  advantage  in 
waste  heat  practice  is  on  account  of  the  relatively  large 
portion  of  the  heat  that  is  absorbed  by  convection  in  the 
waste  heat  boiler. 

On  account  cf  the  higher  gas  pressure  differences  be- 
tween passes,  the  baffling  on  water  tube  boilers  must  be 
particularly  tight.  Improvements  in  the  way  of  double 
walls,  special  shapes  and  monolithic  baffles  have  recently 
been  developed  for  this  service. 

Infiltration  of  air  through  brick  walls  is  a  greater 
source  of  loss  in  waste  heat  practice  than  in  direct  firing. 
For  this  reason  particular  attention  must  be  paid  to  keep- 
ing the  settings  free  from  leaks.  .\  number  of  water 
tube  boilers  have  been  installed  with  the  settings  entirely 
enclosed  in  steel  plate. 

In  fire  tube  boilers  air  infiltration  is  practically  nil. 
therefore  the  gas  velocities  may  be  greater  and  the  ron- 
se(|ueiU  high  differential  between  incoming  and  outgoing 
gas  nia\'  be  maintained  over  an  extended  steaming  cam- 
paign with  no  danger  of  overloading  the  fan  or  losing 
heat  on  account  of  defective  walls  or  baffles. 
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[      WITH  THE  EQUIPMENT  MANUFACTURERS 


New  Operating  Head  Revolutionizes 
Operation  of  Soot  Cleaners 


A  new  device  which,  it  is  said,  will  revolutionize  the 
operation  of  mechanical  soot  cleaners,  has  just  been  an- 
nounced by  the  Vulcan  Soot  Cleaner  Company  of  Du- 
Bois,  Pa.,  manufacturers  of  Vulcan  soot  cleaners.  It 
is  claimed  that  the  device  is  the  newest  and  most  ad- 
vanced principle  in  soot  cleaner  operation,  and  is  des- 
tined to  injure  a  more  thorovigh  removal  of  soot  than 
has  been  possible  hitherto  in  many  plants  as  a  result  of 
careless  or  too  hasty  use  of  the  soot  cleaning  apparatus. 

The  device  announced  by  the  Vulcan  Company  is  the 
new  Vulcan  ratchet  operating  head,  illustrated  in  Fig.  1, 
the  basic  principle  of  which  is  automatically  to  limit  the 
sweep  of  the  soot  cleaning  element,  to  force  the  operator 
to  operate  the  element  in  a  step-by-step  movement,  and 
hence  to  insure  that  the  steam  jets  have  an  opportunity  to 
sweep  over  and  thoroughly  clean  every  part  of  the  tube 
surfaces. 

For  many  years  a  small  percentage  of  soot  cleaner 
owners  have  complained  that  soot  cleaners  did  not  thor- 
oughly remove  the  soot  accumulations.  Investigation 
disclosed,  in  a  majority  of  these  cases,  that  the  cleaning 
elements  either  were  being  rotated  too  fast  or  rotated 
hv  careless  workmen  through  onlv  a  fraction  of  the  full 


Fig.  1. 

permissible  sweep  of  the  elements.  As  a  result,  the 
cleaner  was  prevented  from  doing  its  proper  work, 
through  failure  to  give  the  steam  jets  time  enough  to 
thoroughly  clean  the  tube  surfaces. 

To  correct  this  difficulty,  to  make  soot  cleaner  opera- 
tion more  mechanical  and  less  dependent  upon  the  effi- 
ciency of  the  human  factor  in  the  boiler  room,  the  new 
Vulcan  ratchet  operating  head  was  designed  and  is  now 
being  placed  upon  the  market. 

The  new  head  is  so  constructed  that  when  the  opera- 
tor pulls  the  chain  the  element  is  rotated  only  a  short 
distance  and  can  be  turned  no  farther  until  the  ratchet 
frame  has  been  returned  to  its  original  postion.     Then, 


and  only  then,  a  pull  on  the  chain  causes  the  element  to 
rotate  another  space.  Between  the  lulls  in  operating  the 
new  head,  the  steam  jets  have  an  opportunity  to  concen- 
trate upon  a  definite  section  of  the  tube  surface  for  a 
length  of  time  sufficient  to  insure  a  thorough  removal  of 
the  soot.  When  the  complete  arc  of  rotation  has  been 
attained  in  one  direction,  which  is  limited  by  "stops" 
especially  set  for  that  purpose,  the  mechanism  auto- 
matically reverses  itself  and  the  cleaning  element  moves 
back  in  the  same  manner  through  the  same  arc.  Any 
soot  that  may  have  redeposited  after  the  first  rotation 
is  completely  removed  on  the  backward  travel. 

In  designing  this  ratchet  operating  head,  the  Vul- 
can engineers  kept  constantly  before  them  the  funda- 
mental purpose  of  'every  soot  cleaning  apparatus,  namely, 
to  remove  the  soot  thoroughly,  and  built  their  operating 
head  with  this  purpose  only  in  mind,  regardless  of  the 
competency  of  the  individual  doing  the  actual  work  of 
handling  the  equipment.  The  net  result  is  a  device  that 
takes  the  control  of  cleaning  entirely  out  of  the  hands  of 
the  operator  and  places  it  solely  in  the  ratchet  operating 
head. 

The  Vulcan  ratchet  operating  head  possesses  five 
features  of  paramount  importance  to  the  power  plant 
engineer.    These  are : 

(1)  It  absolutely  prevents  the  man  operating  it  from 
neglecting  any  part  of  the  complete  sweep  of  the  clean- 
ing element. 

(2)  It  substitutes  a  uniform  rate  of  speed  of  rotation, 
in  a  step-by-step  movement,  controlled  almost  entirely 
by  the  head  itself,  in  place  of  the  old  irregular,  uncertain 
rate  controlled  by  the  whim  of  the  operator  and  his  de- 
sire to  get  through  with  the  job  as  quickly  as  possible. 

(3)  It  assures  a  considerable  saving  in  quantity  of 
steam  used,  because  the  operator  knows  that  he  has  to 
make  the  sweep  only  once  in  each  direction  and  can 
stop  when  that  has  been  completed. 

(4)  It  provides  the  operator  with  a  clearly  defined 
task,  instead  of  a  vague  and  indefinite  one. 

(5)  Above  all,  it  entirely  eliminates  wrong  methods 
of  soot  cleaning,  and  is  an  assurance  of  more  satisfac- 
tory and  thorough  cleaning  results. 

The  new  head,  as  may  be  seen  from  the  illustration, 
is  remarkably  simple  and  strong.  Its  action  is  positive 
and  sure.  There  is  not  a  part  to  slip  out  of  place  and 
thereby  throw  the  whole  device  out  of  action.  The  chain 
is  securely  riveted  to  the  ends  of  the  ratchet  frame  and 
no  amount  of  pulling  or  jerking  will  tear  it  loose. 

This  new  Vulcan  ratchet  head  is  operated  independ- 
ently of  the  valve.  Therefore,  should  the  element  oper- 
ating mechanism  accidentally  fail  during  operation  the 
whole  cleaner  system  is  not  put  out  of  commission  while 
repairs   are   being  made. 
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New  Rolls  For  Steel  Mills 


The  advance  in  the  art  of  hut  working  iron  and  steel 
by  means  of  rolls  has  been  g-i\en  an  added  impetus  by 
the  introduction  of  the  molybdenum  steel  rolls  of  the 
Wheeling  Mold  and  Foundry  Company.  The  use  of 
niol}'l)denuni  steels  during  the  past  few  years  in  the 
autoniohile  industry  had  jiroved  the  desirable  qual- 
ities t)f  strength  and  resistance  to  shock.  l{.\perience 
in  die  and  other  hot  working  steels  had  developed  an- 
other desiralile  quality  in  these  steels;  namely,  re- 
sistance to  the  effect  of  hot  work  to  a  greater  degree 


Fig.  1 — This  cut  shows  a  molybdenum  roll  in  the  lathe  and 
the  turnings  cut  from  it.  It  is  particularly  interesting  to 
note  that  these  turnings  formed  in  highly  blued,  tough, 
strong  springy  spirals,  indicating  a  similar  quality  in  the 
steel,  far  superior  to  any  that  has  been  observed  here- 
tofore. The  very  noteworthy  fact  was  encountered  that, 
although  these  rolls  developed  a  scleroscope  hardness  of 
SO  to  a  depth  of  about  six  inches,  they  still  possessed  the 
toughness  of  low  carbon  steel. 

than  in  other  commercial  steels.  Familiarity  with 
these  qualities  led  the  Wheeling  Mold  and  Foundry 
Company,  with  the  cooperation  of  the  Molybdentim 
Corporation  of  America,  to  experiment  with  similar 
steels  for  rolls. 

Experimental  work  was  undertaken  about  the 
middle  of  1920.  Small  electric  furnace  heats  were 
made,  cast  and  subjected  to  many  different  experi- 
mental heat  treatments.  The  results  of  this  research 
showed  enough  merit  in"  the  molybdenum  steels  to 
justify  the  solicitation  of  an  order  for  a  set  of  molyb- 
denum rolls  for  practical  mill  test.  The  order  was 
secured  and  the  rolls  made  in  Jime,  1921.  Shop  tests 
on  these  rolls,  such  as  physical  property  tests  and 
machining  tests,  etc.,  confirmed  their  opinion  of  the 
desirability  of  molybdenum  rolls  and  their  desire  to 
push  the  matter  further.  Photographic  evidence  of 
the  machining  test  is  shown  herewith. 

Since  these  first  rolls  were  made,  the  Company  has 
developed  the  heat  treatment  processes  to  such  an  ex- 
tent that  with  a  slight  difference  in  composition  and 
heat  treatment,  they  can  produce  rolls  ideally  adapted 
to  any  purpose  from  the  strongest  roughing  roll  to 
the  hardest  finishing  roll.  In  each  case  the  rolls  are 
exceptionally  tough  and  able  to  withstand  an  enormous 


amount  of  abuse  and  can  be  treated  at  the  same  time 
to  show  a  hardness  suitable  for  any  mill  condition.  No 
other  alloy  steel  is  useful  for  so  many  places  in  rolling 
mills. 

The  two  main  characteristics  desirable  in  rolls  are 
resistance  to  wear,  and  strength.  Resistance  to  wear 
is  the  result  of  a  combination  of  hardness  and  tough- 
ness plus  heat  resisting  properties.  Molybdenum  rolls 
possess  these  characteristics  to  a  marked  degree,  to 
an  extent,  in  fact,  which  should  produce  a  two  hundred 
per  cent  increased  service  over  that  of  the  carbon  steel 
roll  practice.  A  greatly  increased  number  of  dressings 
before  the  rolls  are  reduced  to  their  smallest  permis- 
sible diameter  is  possible  from  the  known  fact  that 
these  heat  treated  molybdenum  rolls  reduce  side  wear 
to  a  minimum  and,  therefore,  necessitate  small  reduc- 
tions in  diameter  to  bring  back  the  shape  of  the  groove. 
When  used  as  roughing  rolls,  the  increased  hardness 
and  consequent  resistance  to  wear,  is  not  at  the  ex- 
pense of  proper  mill  practice.  Experience  shows  the 
rolls  to  have  a  good  bite  and  slippage  is  not  encount- 
ered as  is  the  case  with  the  high  carbon  alloy  steel 
rolls  now  in  common  use.  In  cases  where  ragging  is 
necessary,  the  sharp  corners  hold  up  in  a  most  satis- 
factor}'  manner.  \\'hen  used  in  finishing  rolls,  the 
passes  retain  the  shape  of  the  section  and  produce  a 


Fig. 


2 — This  cut  shows  an  individual  turning  which  speaks 
for  itself. 


very  smooth  finish  due  to  the  continued  absence  of 
fire  cracks,  pits  and  other  surface  irregularities.  In 
current  practice  an  example  can  be  cited  where  these 
molybdenum  rolls  have  been  used  for  very  severe  serv- 
ice in  a  small  roughing  stand.  The  excessive  breakage 
was  entirely  eliminated  and  two  hundred  per  cent  in- 
crease in  tonnage  was  secured  per  dressing  with  fifty 
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per  cent  less  rtduction  in  diameter. 

It  is  believed  that  the  use  of  molybdenum  steel 
rolls  will  permit  of  a  great  increase  in  the  size  of  the 
entering-  billet,  possibly  as  much  as  thirty  per  cent,  as 
well  as  to  permit  of  an  increased  roll  length  in  pro- 
portion to  the  diameter.  In  addition  to  the  resistance 
to  wear  and  the  strength  just  mentioned,  the  molyb- 
denum steel  rolls  possess  great  resistance  to  shocks. 
This  characteristic  will  be  appreciated  in  that  it  will 
assist  in  offsetting  the  occasional  accidents  that  occur 
even  in  the  l)est  mill  practice. 

It  must  not  be  thought  that  these  results  have  been 
obtaned  in  only  a  few  cases.  Many  rolls  have  been 
made,  varying  in  size  from  five  hundred  pounds  to 
forty-five  thousand  pounds,  with  consistently  satisfac- 
torv   results   in    the   foundrv   and   steel   plants.     These 


rolls  are  proving  themselves  in  service  and  daily  new 
reports  of  satisfactory  results  are  being  received.  In 
no  case  has  there  been  a  failure. 

It  would  be  well  to  state  that  molybdenum  sand 
rolls  and  molybdenum  chilled  rolls  are  in  service  and 
to  date  are  showing  up  very  satisfactorily.  In  one  case, 
molybdenum  sand  rolls  have  been  thoroughly  tested 
in  a  large  billet  mill  and  results  obtained  justified  the 
adoption  permanently  of  this  type  of  roll.  Somewhat 
the  same  qualities  are  brought  out  in  the  iron  as  in 
the  steel  rolls  and  equally  excellent  results  are  antici- 
pated. 

The  Wheeling  Mold  and  Foundry  Company  believe 
that  the  development  of  molybdenum  rolls  is  the  great- 
est stride  forward  in  the  roll  industry  in  the  last  quar- 
ter century. 


Centralized  Control 


There  have  been  many  examples  to  show  the  advan- 
tages and  economic  need  of  intelligent  centralized  con- 
trol— in  the  hands  of  one  power  in  which  is  concen- 
trated the  information  and  judgment  best  obtainable 
under  the  conditions. 

Without  such  single  directing  force  the  .•\llies  in  the 
last  year  of  the  World  War  would  scarcely  have  been 
able  to  defeat  the  Central  Powers  under  the  well  directed 
leadership  of  Germany ;  and  without  such  centralized 
control  the  Allies  now  stand  wavering  before  the  diplo- 
matic attacks  which  beset  the  peace  and  bid  fair  to  shat- 
ter the  Treaty  of  Versailles. 

A  most  interesting  exposition  of  the  possibilities  of 
centralized  control,  indeed  revolutionary  in  efifect,  is 
that  of  the  air  brake.  Before  its  era  a  signal  was  given 
by  the  whistle  on  the  locomotive  and  half  a  dozen  men 
sprang  to  the  hand  wheels  of  the  individual  cars — some- 
times they  lagged  a  little  or  set  the  brakes  too  hard.  Con- 
trast this  with  the  absolutely  perfect  control  now  in  the 
hands  of  the  engine  driver.  Is  there  need  to  ask  what 
would  become  of  our  modern  railway  service  without  the 
air  brake  and  its  control  valve  in  the  cab  of  the  loco- 
motive? 

Less  absolutely  essential,  perhaps,  but  still  of  vital 
importance  in  the  conservation  of  fuel,  centralized  con- 
trol of  combustion  in  our  large  power  houses  is  fighting 
for  recognition  against  the  old  time-honored  methods 
which  seem  to  have  such  a  strong  hold  upon  the  minds 
of  engineers. 

From  time  to  time  important  steps  have  been  taken, 
one  of  the  most  noteworthy  being  the  introduction  of 
so-called  "time-firing"  where  coal  is  used  for  fuel  and 
it  is  fired  by  hand.  This  system,  so  far  as  the  writer 
knows,  was  first  introduced  by  Commander  W.  W. 
White,  U.  S.  N.,  about  20  years  ago  in  connection  with 
"trial  trips"  of  new  naval  vessels.  These  tests  always 
included  steaming  for  a  considerable  period  at  maximum 
power  and  speed,  and  it  was  absolutely  essential  that 
full  steam  pressure  should  be  maintained  at  such  times. 
Commander  WJiite  had  noted,  under  the  old  system,  that 
some  of  the  firemen  kept  good  fires  while  others  fired  at 
infrequent  periods  and  shoveled  the  coal  into  the  fur- 
naces to  mountainous  heights.     So  he  worked  out  a  plan 


by  which,  at  a  given  signal,  each  fireman  had  to  get  up 
and  "do  something" — he  went  further  and  told  him  what 
to  do.  Each  fire  door  was  numbered,  and  the  scheme  so 
worked  out  that  "firing,"  "raking"  or  "slicing"  should 
come  at  a  certain  specified  moment  for  a  particular  door. 
He  also  specified  closely  the  number  of  shovels  of  coal 
which  should  be  fired  at  each  interval.  This  idea  proved 
very  eft'ective  and  for  many  years,  and,  in  fact,  until  the 
introduction  of  oil  fuel,  not  a  battleship  or  cruiser  went 
out  for  her  trials  without  a  "time  firing"  system  on 
board,  and  many  ingenious  modifications  in  the  signals 
were  worked  out.  All  of  them,  however,  were  based  on 
the  principle  that  the  control  of  the  signals,  i.  e.,  the 
time  interval  should  be  in  the  hands  of  one  man  who  be- 
came solely  responsible  for  the  keeping  up  of  the  steam 
supply. 

Time  firing  was  found  to  be  of  such  value  in  naval 
work  that  the  signaling  device  was  specified  in  the  con- 
tract and  made  part  of  the  standard  equipment.  It  was 
also  used  successfully  in  large  merchant  vessels. 

It  is  obvious  that  this  time  firing  system,  i.  e.,  cen- 
tralized control  of  hand  firing  of  coal,  had  practically 
no  bearing  on  labor  saving.  The  same  number  of  fire- 
men were  required  as  before.  It  did  have  the  effect  of 
producing  plenty  of  steam  and  it  did  save  fuel,  but  it 
cost  the  government  or  owner  just  as  much  for  labor. 

But  if  centralized  control,  in  addition  to  its  other 
advantages,  results  in  marked  saving  in  labor  it  becomes 
at  once  a  factor  in  power  development  which  cannot  be 
ignored.  It  is  in  the  use  of  oil  as  fuel  that  the  full  oppor- 
tunity in  this  direction  presents  itself.  Here  the  oil  spray 
takes  the  place  of  the  "coal  heaver,"  and,  if  means  may 
be  developed  for  controlling  the  oil  spray  at  one  central 
point,  then  it  is  evident  that  the  only  labor  required  is 
that  of  supervising  the  sprayers  or  atomizers  to  make 
sure  that  each  is  operating  properly  and  does  not  require 
cleaning  or  repair. 

The  great  saying  in  labor  which  results  merely  from 
the  use  of  oil  alone  has  probably  obscured  the  fact  that 
additional  labor  saving  is  possible  and  that  there  are 
other  economic  advantages  brought  about  by  the  intro- 
duction of  centralized  control. 

Let  us  consider  for  a  moment  the  method  of  operat- 
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ing  an  oil  burning  installation.  If  steam  atomizers  are 
used  one  fireman  can  look  after  20  or  30  burners.  He 
gives  his  attention  to  these  individually,  adjusts  the  oil 
valves  and  the  steam  spray  and  regulates  the  dampers  to 
give  the  proper  amount  of  air  supply,  and,  as  the  load 
fluctuates,  he  makes  the  necessary  changes  to  suit  the 
conditions.  The  only  trouble  is  that  after  a  while  he 
finds  this  work  rather  arduous  and  particularly  when 
the  load  fluctuates  rapidly  he  finds  he  cannot  make  the 
adjustments  quickly  enough.  All  the  burners  require 
changing  at  the  same  time,  and  he  cannot  get  around  fast 
enough  to  prevent  smoking  or  excess  air  from  entering 
the  furnaces.  'I'hen  he  gets  careless  and  gives  up  try- 
ing to  have  everything  O.K.  at  all  times,  and  he  finds 
that,  bv  giving  all  the  burners  an  excess  of  steam  and  all 
the  furnaces  an  excess  of  air,  he  can  confine  his  labors 
to  regulating  the  oil  only.  By  this  means  he  easily  keeps 
the  steam  pressure  on  the  plant  where  it  should  be,  but 
the  waste  of  steam  through  the  burners  and  waste  of 
heat  up  the  chimney  carries  away  thousands  of  good 
dollars  that  never  come  back. 

If,  on  the  other  hand,  mechanical  atomizers  are  used, 
the  waste  of  steam  used  for  atomizing  is  at  once  pre- 
vented for  the  simple  reason  that  none  is  used ;  regula- 
tion of  this  loss  is  taken  out  of  the  fireman's  hands.  But 
the  ordinary  type  of  mechanical  atomizer  is  not  suffi- 
ciently flexible  to  meet  the  requirements  of  a  fluctuating 
load,  so  the  burners  have  to  be  taken  out  and  tips  of 
various  sizes  substituted ;  or,  what  more  frequently  !iap- 
pens,  some  of  the  burners  are  extinguished  and  again 
ignited  to  meet  the  changing  conditions  and  this  means 
that  the  burners  usually  have  to  be  disconnected  and 
withdrawn  from  the  furnace  to  prevent  carbonizing  when 
not  in  service.    This  requires  more  firemen. 

This  defect,  however,  in  the  mechanical  burner  has 
,been  met  by  the  recent  development  of  the  Peabody- 
Fisher  wide  range  mechanical  atomizer  which  has  a 
greatly  increased  range  in  capacity  and  is  so  arranged 
that  any  number  of  burners  may  be  controlled  simul- 
taneously by  the  operation  of  a  single  valve  on  the  by- 
pass oil  return  line. 

With  this  burner  centralized  control  becomes  a  sim- 
ple problem. 


LETTERS  TO  THE  EDITOR 

Angola,  Indiana, 
May  11,  1922. 

The  Blast  Furnace  and  Steel  Plant, 
Pittsburgh,  Pennsylvania, 

Dear  Sirs:  I  just  received  some  news  from  Aus- 
tralia concerning  Mr.  J.  VV.  Brophy  that  will  interest 
a  large  number  of  your  readers  who  are  interested  in 
the  outcome  of  the  proposed  Queensland  State  Iron 
and  Steel  Works.  Mr.  Brophy  was  appointed  general 
manager  and  erecting  engineer  of  this  proposition  a 
couple  of  years  ago;  while  he  was  chief  mechanical 
engineer  at  the  Broken  Hill  Proprietary  Steel  Works 
at  Newcastle,  N.  S.  \\'.,  Australia.  Previous  to  hold- 
ing this  position  he  was  chief  mechanical  engineer  for 
the  TatT  Iron  and  Steel  Company,  Sakchi,  Bengal, 
India.  Mr.  B-ophy's  early  training  .was  received  in 
the  Pittsbu  gh  district  where  he  still  has  many  friends 
who  will  be  glad  to  hear  of  his  success  in  ,'\ustrnlia. 
I  shall  give  y^ou  an  exact  copy  on  it  from  "Truth"  a 
well  known  Australian  newspaper : 

"Mr.  J.  W.  Brophy,  who  has  been  appointed  gen- 


eral superintendent  of  the  Queensland  State  coal  mines, 
is  a  typical  product  of  American  hustle.  When  an 
ambitious  Labor  Government  saw  the  rapid  advance- 
ment of  Queensland  through  a  bold  iron  and  steel 
works  jirogram  they  found  a  man  of  enthusiasm  for 
the  job,  and  Mr.  Brophy  was  the  man.  But  the  Gov- 
ernment had  not  calculated  on  the  financial  overloads 
refusing  to  supply  the  sinews  for  the  enterprise,  and 
the  man  from  "Amerka"  who  had  been  itching  to  show 
how  they  "guess"  and  "calculate"  on  such  small  jobs, 
was  not  utilized.  The  Government  recognized  that  a 
good  man  standing  by  waiting  orders  is  worth  paying 
for  standing  by  alone  while  the  possibilities  remain  of 
the  orders  being  eventually  delivered.  And  that  is 
why  the  Yank  dynamo  is  being  allowed  to  throb  among 
the  black  diamonds.  As  the  Minister  of  Mines  aptly 
mentioned  concerning  the  retaining  appointment  "fuel 
is  fore-runner  of  iron  and  steel"  and  Mr.  Brophy  is  its 
prophet." 

Very  truly  yours, 

BvRON'  J.  Brophy. 
318  South  Superior  Street, 
Angola,  Indiana. 


15th   May,   1922. 
Blast  Furnace  &  Steel  Plant, 
Thaw  Building. 

Pittsburgh,  Pa. 

Attention  Editorial  Department. 

Gentlemen :  We  have  been  interested  by  the  article 
appearing  on  page  289  of  your  May  issue,  entitled  "The 
Field  of  the  Large  Boiler"  by  Mr.  J.  B.  Crane. 

In  the  fifth  paragraph,  the  author  states : 

"If  two  to  four  boilers  are  considered  sufficient 
to  supply  steam  for  a  5.000  or  10,000  kw  turbine, 
it  should  not  require  more  than  this  number  of 
boilers  for  a  20,000  or  40.000  kw  turbine,  and  when 
it  is  realized  how  much  less  apparatus  there  is  to 
get  out  of  order  with  a  boiler  and  its  auxiliaries 
than  with  a  turbine  and  its  accompanying  appa- 
ratus, there  must  be  something  wrong  with  boiler 
designers  if  they  fail  to  deliver  the  goods." 

Certainly  Mr.  Crane  is  right  in  this  statement,  and 
we  invite  your  attention  to  the  installation  at  the  Lake- 
side Plant  of  the  Milwaukee  Electric  Railway  and 
Light  Company.  Here,  there  are  installed  eight  1.306 
horsepower  Edge  Moor  Water  Tube  Boilers.  These 
boilers  are  operated  normally  at  250  per  cent  of  their 
rated  capacity  and  at  this  output  three  boilers  are 
sufficient  to  operate  one  20,000  kw  turbine.  o"f  which 
there  are  two  in  the  plant.  Two  boilers  are  thus  re- 
served as  standbys  and  for  future  power  requirements. 

In  a  series  of  fifteen  tests,  the  average  efficiency 
of  these  boilers  with  their  superheaters  and  econom- 
izers, proved  to  be  87.3  per  cent.  An  efficiency  of  85.6 
per  cent  has  been  obtained  from  the  boilers  alone. 

The  above  information  is  so  ap'-opos  to  Mr.  Crane's 
article  that  we  believe  you  may  be  interested  in  it. 

Very  truly  yours, 

C.  R.  Long. 
McLain-Simpers  Organization. 
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The  Sizer  Steel  Corporation,  Buffalo,  N.  Y.,  manufacturer  of 
ingots,  forged  and  rolled  billets,  steel  bars,  etc.,  has  disposed  of 
a  bond  issue  of  $1.250.0U0,  the  proceeds  to  be  used  for  general 
extensions  and  additions  in  working  capital.  The  company  has 
recently  acquired  the  plant  of  the  Hammond  Steel  Company, 
Syracuse,  N.  Y,,  and  will  use  a  portion  of  the  fund  for  this  pur- 
chase. The  rolling  mills  and  other  departments  of  the  Ham- 
mond works,  including  1-inch  and  10-inch  bar  mills,  will  be 
placed  in  service  at  an  early  date.  The  property  will  be  oper- 
ated under  the  name  of  the  purchasing  company,  and  the  Buf- 
falo plant  will  maintain  production  as  heretofore.  C.  B.  Porter 
is  president. 


The  Cleveland  Cold  Drawn  Steel  Company,  S0.3  Leader- 
News  Bldg.,  Cleveland,  Ohio,  has  acquired  property  in  the  South 
Buffalo  district,  Buffalo,  N.  Y..  as  a  site  for  the  construction 
of  a  new  plant.  Preliminary  plans  are  under  way  for  the 
erection  of  a  main  one-story  building  and  adjoining  structures, 
estimated  to  cost  in  excess  of  $500,000,  including  machinery  and 
operating  equipment.     C.  H.  Hopkins  is  secretary  and  treasurer. 


Witherbee,  Sherman  &  Company,  2  Rector  Street,  New  York, 
N.  Y.,  producer  of  iron  ore,  pig  iron,  etc.,  with  blast  furnace  at 
Port  Henry,  N.  Y.,  has  preliminary  plans  under  way  for  the 
construction  of  a  new  plant  unit  in  the  vicinity  of  the  present 
works.  The  new  blast  furnace  will  hav'e  an  initial  output  of 
500  tons  of  pig  iron  per  day,  increasing  the  capacity  of  the  plant 
to  150,000  tons  of  pig  iron  per  annum.  In  connection  with  the 
expansion,  a  new  sintering  plant  will  be  constructed,  with  a 
capacity  of  about  400  tons  a  day.  The  installation  will  also 
comprise  a  new  pumping  system  with  daily  output  of  9,000,000 
gallons  of  water,  two  new  boilers  of  large  capacity;  two  new 
blowing  engines  with  output  of  about  45,000  cubic  feet,  and 
other  auxiliary  machinery.  A  new  laboratory,  office,  warehouse, 
and  other  structures  will  be  built.  To  provide  for  the  expan- 
sion the  company  is  disposing  of  a  bond  issue  of  $4,000,000, 
about  $2,000,000  of  which  will  be  used  for  the  new  plant.  Lewis 
W.  Francis  is  president. 


The  Somerville  Iron  Company,  Chattanooga,  Tenn.,  has  com- 
pleted plans  and  will  soon  commence  the  construction  of  an  addi- 
tion to  its  plant  for  increased  production.  Equipment  will  be 
installed  to  double  approximately  the  present  output,  making  a 
total  capacity  of  about  3,000  tons  of  iron  per  day.  The  exten- 
sion,  including  equipment,   is  estimated  to  cost  about  $65,000. 


The  Dowling  Iron  Works,  Lincoln,  Neb.,  has  plans  under 
way  for  the  construction  of  an  addition  to  its  plant  for  in- 
creased production,  comprising  a  one-story  building,  totaling 
about  2.500  square  feet  of  floor  space.  Considerable  new  equip- 
ment will  be  installed.  A.  C.  Koenig,  Bankers  Life  Bldg.,  Lin- 
coln, is  engineer. 


The  Struthers  Furnace  Company,  Youngstown,  Ohio,  is  dis- 
posing of  a  bond  issue  of  $1,500,000.  a  portion  of  the  proceeds 
to  be  used  for  expansion,  general  operations,  increase  in  work- 
ing capital,  etc.  The  company  operates  a  blast  furnace  with 
capacity  of  about  15,000  tons  of  pig  iron  per  month,  average, 
and  has  recently  completed  a  new  power  house,  with  pumping 
plant  rated  at  18,000,000  gallons  per  days.  It  is  affiliated  with 
the  Cleveland-Cliffs  Iron  Company,  in  the  ownership  of  the 
Wade  and  Helmer  Mines  in  the   Missabe  Iron  Range. 


The  Newton  Steel  Company,  Youngstown,  Ohio,  manufac- 
turer of  steel  sheets,  etc.,  will  soon  take  bids  for  the  construc- 
tion of  a  number  of  additions  in  its  plant  for  increased  pro- 
duction, estimated  to  cost  in  excess  of  $600,000,  including  equip- 
ment. The  main  feature  of  the  work  will  consist  of  six  new 
sheet  mills  and  auxiliary  operating  departments. 


The  Duffin  Iron  Company,  4837  South  Kedzie  Avenue,  Chi- 
cago, 111.,  is  planning  for  the  construction  of  additions  to  its 
iron  and  steel  works  for  increased  production.  A  main  two- 
story  building  will  be  erected,  to  cost  about  $25,000.  John  Duf- 
fin is  president.  Mundie  &  Jensen,  39  South  LaSalle  Street,  Chi- 
cago, architects,  are  in  charge  of  the  work. 


The  Armstrong  Steel  Company,  Fort  Worth,  Texas,  recently 
organized  with  a  capital  of  $2,500,000,  has  acquired  the  plant  and 
business  formerly  operated  under  the  name  of  the  George  W. 
Armstrong  Steel  Company.  Preliminary  plans  are  being  pre- 
pared for  the  construction  of  a  large  addition  to  the  present 
steel  mills,  for  the  production  of  general  steel  and  iron  products. 
At  a  later  date  it  is  proposed  to  construct  a  number  of  new 
mills  for  different  character  of  production.  A  consideration  of 
about  $1,250,000  has  been  given  for  the  property.  Employment 
of  600  men,  as  heretofore,  will  be  continued,  and  it  is  proposed 
to  double  this  working  force  in  the  near  future.  George  W. 
Armstrong,  head  of  the  acquired  company,  will  occupy  a  simi- 
lar position  with  the  new  organization. 


The  Wanner  Malleable  Iron  Company,  Hammond,  Ind.,  has 
pieliminary  plans  under  way  for  the  rebuilding  of  the  portion 
of  its  plant  recently  destroyed  by  fire,  with  loss  approximating 
$100,000,  including  equipment.  The  heaviest  damage  occurred 
in  the  soft  rolling  mill  and  the  assembling  works. 


The  Palmer  Steel  Company,  Holyoke,  Mass.,  recently  or- 
ganized with  a  capital  of  $100,000  to  manufacture  iron  and 
steel  products,  including  structural  shapes,  etc.,  has  acquired  a 
tract  of  about  14  acres  of  land  at  Meadow  Street  and  McKin- 
stry  Avenue,  as  a  site  for  its  proposed  new  plant.  The  initial 
works  will  consist  of  a  one-story  building,  about  70x200  feet, 
to  be  equipped  for  steel  fabricating,  and  estimated  to  cost  in  e.x- 
cess  of  $50,000.  At  a  later  date,  additional  plant  units  will  be 
constructed.  Earl  Palmer  is  president  and  Wayne  F.  Palmer,  7 
Montgomery  -Avenue.  Holyoke,  treasurer. 


The  Riverdale  Rolling  Mill  Company.  80  East  Jackson  Boule- 
vard, Chicago,  111.,  will  commence  the  immediate  erection  of  an 
addition  to  its  plant  at  East  One  Hundred  and  Thirty-seventh 
Street  and  the  Illinois  Central  Railway  Tracks.  Riverdale,  near 
Chicago.  It  will  be  one-story.  65x140  feet,  and  is  estimated  to 
cost  in  excess  of  $40,000.  The  construction  contract  has  been 
awarded    to   the   Austin    Company,   208     South     LaSalle     Street, 

Chicago.  

The  Darlington  Iron  Works,  Darlington,  S.  C,  is  planning  for 
the  rebuilding  of  the  portion  of  its  plant  recently  destroyed  by 
file.  Damage  was  sustained  in  a  number  of  buildings,  including 
equipment.     The  exact  amount  of  loss  has  not  been  estimated. 


The  Vulcan  Iron  Works,  Galveston,  Texas,  has  plans  under 
way  for  the  construction  of  a  number  of  additions  to  its  plant 
for  increased  production,  estimated  to  cost  in  excess  of  $75,000. 
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PRODUCTION    TOPICS 


THE  PURCHASE  OF  REFRACTORIES* 

By  W.  A.  HULL.  Chief,  Refractories  Section, 

Bureau  of  Standards,  Washington,  D.  C. 

PART    II 

Tlie  activities  of  your  Association  have  unquestionably  had 
nnich  to  do  witli  bringing  the  refractories  manufacturers  to 
a  state  of  mind  necessary  to  a  whole  hearted  cooperation 
in  a  job  like  that.  Association  activities  have  a  remarkable 
effect  on  the  members  of  an  association  and  on  an  industry. 
We  have  seen  how  it  works  out  in  other  industries  and  it 
requires  no  supernatural  vision  to  see  how  it  is  working  out 
in  yours. 

One  of  the  things  that  has  been  made  evident  by  these 
conferences  that  have  been  held  at  the  Bureau  of  Standards 
is  that  there  is  a  wealth  of  information  about  refractories 
under  cover.  Perhaps  it  is  too  soon  to  expect  it  to  come 
out;  perhaps  the  .\ssoriation  is  not  ready  to  take  the  step; 
but  if  the  cards  could  all  be  laid  on  the  table,  face  up,  it  would 
go  a  long  way  toward  straightening  out  the  whole  refrac- 
tories situation. 

What  I  mean  is  this:  a  steel  company  or  a  corporation 
which  builds  coke  ovens  makes  tests  and  keeps  records 
of  performance  and  the  results,  except  for  certain  general 
facts  or  conclusions  are  held  as  confidential  information; 
the  individual  refractories  manufacturers  and  the  Refrac- 
tories Manufacturers  Association  make  tests  and  get,  when 
they  are  able,  records  of  performance,  and  the  results  are  held 
as  confidential;  the  Bureau  of  Standards  makes  a  valuable 
investigation  in  which  the  properties  of  something  like  seventy 
brands  of  fire  brick  are  determined  and  the  results,  so  far 
as  the  names  of  the  brands  arc  concerned,  are  held  as  con- 
fidential. Think  what  a  help  it  would  be,  in  the  writing  of 
specifications  and  in  the  intelligent  purchase  of  refractories, 
if  all  this  information  could  come  out  in  the  open.  I  would 
hardly  have  the  hardihood,  at  this  time,  to  ask  that  such  a 
course  be  followed.  T  realize  that  you  manufacturers  would 
hesitate  to  see  your  pet  brands  paraded  for  inspection, 
stripped  of  all  the  bunk  and  mystery  with  which  your  sales- 
men have  kept  them  clothed  and  padded  for  decades:  but 
I  want  to  point  out  the  alternative. 

For  a  long  time,  we  have  been  deceiving  ourselves  with 
the  idea  that  the  trouble  with  the  refractories  situation  is 
that  the  user  will  not  pay  the  price  for  the  quality  and  the 
workmanship  and  the  uniformity  that  he  is  demanding  in 
refractories  and  that  consequently,  we  cannot  give  them  to 
him.  Well,  whose  fault  is  it  if  he  will  not  pay  the  price? 
Are  most  of  the  big  users  afflicted  with  some  chronic  sort 
of  refractomania,  which  prevents  them  from  following  a 
sound  policy  in  the  purchase  of  this  particular  class  of  sup- 
plies? Are  most  of  them  so  lacking  in  co-ordination  between 
the  purchase  office  and  the  production  and  accounting  de- 
partments that  they  pay  no  attention  to  the  effect  of  the 
quality  of  refractories  on  the  cost  of  a  ton  of  steel  or  what- 
ever their  product  may  be,  or  is  it  possible  that  they  are 
doing  the  best  they  can  with  the  information  available? 

Is  the  real  trouble  the  lack  of  a  market  for  really  su- 
perior refractories,  or   difficulty  in  getting  better  prices   for 
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the  common  run  of  refractories.  Suppose  a  purchasing  agent 
does  buy  the  cheapest  one  of  a  number  of  good  brands  of 
fire  brick  rather  than  the  best.  Perhaps  it  is  poor  economy 
to  do  that,  but  if  so,  why  does  he  do  it?  Is  it  simply  that 
the  purchasing  agent  is  unduly  zealous  in  tlie  matter  of 
making  a  record  or  is  it  a  part  of  a  definite  policy  of  his 
company?  What  might  you  or  I  do  in  liis  place?  A  num- 
ber of  brands  of  brick  are  available,  any  one  of  which  is 
known  to  be  suitable  for  a  given  purpose.  There  is  a  con- 
siderable difference  in  price  between  what  we  may  term  the 
aristocrats  of  the  lot  and  some  of  the  more  lowly  ones.  \o 
useful'  facts  are  available  for  the  guidance  of  the  purchasing 
agent  in  evaluating  these  brands  except  their  general  reputa- 
tions and  the  records  of  the  production  departments;  and 
it  has  been  demonstrated  that  it  is  next  to  impossible  to 
make  accurate  comparisons  of  the  service  of  similar  kinds 
of  fire  brick  because  of  the  irregularities  and  the  accidental 
features  of  service  conditions.  W'hat  is  the  reasonable  thing 
for  the  purchasing  agent  to  do?  Can  you  blame  him  very 
much  if  he  solves  his  problem  by  driving  as  hard  a  bargain 
as  he  can  and  buying  that  one  of  a  number  of  suitable  brands 
which  he  can  buy  for  the  least  money? 

In  taking  advantage  of  low  prices,  a  user  faces  the  pros- 
pect that  he  may  run  into  difficulties  from  variations  in 
quality,  from  bad  workmanship  and  various  defects  that  he 
might  not  encounter  'to  the  same  extent  if  he  were  to  pur- 
cliase  from  a  company  which  maintains  higher  standards  in 
these  things  as  well  as  in  price.  This  does  not  necessarily 
follow,  however,  and  the  user  may  feel  that  he  can  afford  to 
take  the  chance,  safe-guarding  himself  meanwhile  by  a  rigid 
system  of  inspection  and  testing.  Isn't  this  a  fairly  reason- 
able explanation  of  the  procedure  followed  by  some  of  the 
consumers  and  isn't  it  possible  that  thej'  are  getting  awaj' 
with  it  to  the  disadvantage  of  the  refractories  industrj-?  Isn't 
it  just  possible  that  the  whole  industry  is  suffering  from  the 
effects  of  the  secrecy  about  brands?  If  the  manufacturer  who 
is  selling  his  product  at  a  comparatively  low  price,  had  defi- 
nite figures  to  show  that  his  brand  of  brick  is  as  good  as 
he  thinks  it  is — knows  it  is,  possibly,  then  he  might  have  the 
nerve  to  hold  out  for  a  decent  price  and  get  it.  Henry  Ford 
is  credited  with  saying  "Never  lock  up  your  engineering  de- 
partment— you  may  lock  out  more  than  you  lock  in."  It 
seems  worth  while  to  consider  whether  manufacturers  do  not 
lose  more  than  they  gain  when  they  keep  some  of  their  in- 
formation confidential. 

At  the  Bureau  of  Standards,  we  know  from  the  inquiries 
that  we  receive,  that  consumers  are  eager  for  information 
about  the  qualities  of  different  brands  of  brick.  We  do  not 
give  it  to  them  because  it  is  confidential  information  and  to 
that  extent  we  help  to  keep  men  in  ignorance  who  are  eager 
for  facts.  There  are  two  things  that  in  normal  times  keep 
the  prices  of  refractories  down — the  law  of  supply  and  de- 
mand, and  ignorance.  Users  refuse  to  pay  a  premium  for 
superior  quality  simply  because  they  have  no  way  of  know- 
ing they  are  going  to  get  it.  They  may  not  even  know  when 
they  do  .get  it. 

Now  the  law  of  supply  and  demand  is  something  difficult 
to  overcome  but  the  other  factor  can  be  controlled  and  if 
producers  could  overcome  their  inherent  bashfulness  about 
brands  it  would  speed  up  the  process  of  education  amazingly. 
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L.  H.  Miller,  formerly  connected  with  the  Cleveland  office 
of  the  Bethlehem  Steel  Company,  has  resigned  to  become 
managing  director  of  the  newly  organized  National  Steel 
Fabricators'  Association,  the  object  of  which  is  the  estab- 
lishment of  standards  for  the  guidance  of  steel  fabricators 
with  the  view  of  bringing  about  uniformity  in  steel  building 
construction  and  the  conserving  of  steel  used  ior  this  purpose. 

R.  M.  Rice,  purchasing  agent.  La  Belle  Iron  Works, 
Steubenville,  Ohio,  recently  resigned  to  go  into  business  for 
himself  in  Wheeling,  W.  Va.  His  successor  has  not  been 
announced. 

C.  J.  Madjett,  has  been  made  general  manager  of  the 
London  Bridge  Works,  London,  Ont.  Mr.  Madjett  was 
formerly  manager  of  the  Standard  Steel  Construction  Com- 
pany,  Welland,   Ont. 

J.  T.  Osier,  who  has  been  connected  with  the  Hubbard 
Steel  Foundry  Company,  East  Chicago,  Ind.,  in  the  capacity 
of  manager  of  the  roll  department,  was  recently  appointed 
general  manager. 

Charles  J.  Graham,  who  is  vice  president  of  the  recently 
reorganized  Graham  Bolt  &  Nut  Company,  in  which  the 
Jones  &  Laughlin  Steel  Company  now  is  largely  interested, 
has  been  appointed  special  sales  representative  for  the  latter 
company. 

Several  changes  were  made  in  the  personnel  of  the  sub- 
sidiaries of  the  Wheeling  Steel  Corporation  at  a  recent  meet- 
ing of  the  board  of  directors.  D.  Allen  Burt,  who  besides 
being  vice  president  and  treasurer  of  the  Wheeling  Steel 
Corporation  has  been  president  of  LaBelle  Iron  Works,  has 
become  chairman  of  that  company  and  is  succeeded  as  presi- 
dent by  A.  J.  McFarland,  who  a  few  months  ago  was  made 
general  manager  of  this  company.  W.  W.  Holloway  has 
been  made  president  of  the  WhitaJker-Glessner  Co.  succeeding 
Andrew  Glass,  who  has  held  that  position  besides  that  of 
vice  president  in  charge  of  operations  of  the  Wheeling  Steel 
Corporation.  George  W.  Moore,  general  manager,  Ports- 
mouth, Ohio,  works,  Whitaker-Glessner  Company  has  been 
named  vice  president  of  the  company. 

John  McConnell,  vice  president  in  charge  of  operations  of 
the  United  Alloy  Steel  Corporation,  Canton,  Ohio,  and  Elton 
Hoyt  of  Cleveland,  have  been  elected  directors  of  the  United 
Alloy  Company  succeeding  J.  A.  Buell  and  E.  L.  Hang. 


L.  P.  Ross  was  recently  elected  vice  president  in  charge 
of  operations  of  the  Replogle  Steel   Company. 

H.  D.  Scott,  assistant  superintendent  Yorkville,  Ohio. 
Works,  Wheeling  Steel  Corporation,  was  recently  promoted 
to  the  position  of  superintendent  to  fill  the  vacancy  caused 
by  the  resignation  of  E.  T.  McNulty,  who  has  become  affili- 
ated with  the  Charcoal  Iron  Products  Co.,  Washington,  Pa., 
as  general  manager. 

R.  E.  Zimmerman,  director  of  the  research  laboratory  of 
the  American  Sheet  &  Tin  Plate  Company,  Pittsburgh,  has 
been  appointed  assistant  to  the  president,  effective  May  1. 
succeeding  the  late  Robert  Skemp. 

George  Croak  has  been  made  general  manager  of  Palmer 
Foundry  &  Machine  Company,  Palmer,  Mass.  Mr.  Croak 
was  formerly  foundry  superintendent  of  Athol  Machine  Com- 
pany, Athol,  Mass.,  and  associated  with  the  Becker  Milling 
Machine  Company,  Hyde  Park,  Boston,  previous  to  the 
former. 

John  N.  Allen  has  been  appointed  purchasing  agent,  Don- 
ner  Steel  Company,  Buffalo,  succeeding  E.  L.  Hendrickson. 
Mr.  Allen,  who  resigned  as  manager  oi  the  mining  and  trans- 
portation department.  Brier  Hill  Steel  Company,  Youngs- 
town,  Ohio,  in  1919,  to  become  vice  president  of  the  National 
Sales  &  Trading  Company,  Cleveland,  was  connected  with  the 
Lackawanna  Steel  Company  for  a  number  of  years,  prior  to 
going  to  the  Brier  Hill  Steel  Company. 

Charles  J.  Thompson  was  elected  president  and  general 
manager  of  the  Empire  Tube  &  Steel  Corporation,  College 
Point,  L.  I.,  at  a  recent  meeting  of  that  company.  Mr. 
Thompson  for  two  years  had  been  secretary  and  treasurer 
of  that  interest.  L.  J.  Roine,  who  had  served  as  assistant 
secretary,  was  elected  treasurer,  and  J.  J.  Clegg,  formerly 
auditor,  was  elected  secretary. 

James  B.  Tate  has  been  made  general  purchasing  agent 
for  the  Pressed  Steel  Car  Company  and  its  Chicago  subsidiary. 
Mr.  Tate  had  been  acting  purchasing  agent  for  the  past  few 
months  and  is  successor  to  J.  H.  Hackenburg,  resigned. 

William  C.  Bulmer  has  resigned,  effective  June  1,  as  super- 
intendent of  the  open-hearth  and  Bessemer  departments  of 
the  Carnegie  Steel  Company  at  the  Ohio  Works,  Youngs- 
town,  a  position  he  has  filled  for  the  past  six  years,  to  assume 
charge  of  a  department  of  the  Blaw-Knox  Company,  Pitts- 
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burgh,  principally  connected  with  water-cooling  appliances 
for  open-hearth  furnaces  and  with  the  sale  and  installation 
of  the  McKune  type  of  furnace. 

Ledlie  I.  Laughlin,  son  of  James  B.  Laughlin,  former 
treasurer  of  the  Jones  &  Laughlin  Steel  Company,  Pitts- 
burgh, who  has  been  in  the  Pittsburgh  office  and  mills  of 
the  company  for  several  years,  has  joined  the  New  York 
sales  office.  Mr.  Laughlin  is  a  director  of  the  company  and 
is  seeking  experience  in  all  branches  of  the  company's  ac- 
tivities. 

William  Hutton  Blauvelt  has  resigned  his  position  with 
the  Semet-Solvay  Company,  of  Syracuse,  N.  Y.,  and  has 
opened  an  office  as  Consulting  Engineer,  in  the  Equitable 
Building,  120  Broadway,  New  York  City,  where  he  will  give 
special  attention  to  the  carbonization  of  fuels,  and  allied 
subjects.  Mr.  Blauvelt  has  been  connected  for  many  years 
with  the  Semet-Solvay  and  Solvay  Process  Companies,  and 
has  taken  a  prominent  part  in  the  development  of  the  by- 
product coke  industry  in  America.  On  account  of  his  broad 
experience  in  the  carbonization  of  coal,  production  of  gas 
for  domestic  and  industrial  purposes,  the  recovery  of  by- 
products and  the  general  utilization  of  fuels,  he  is  a  recog- 
nized authority  on  these  subjects.  The  first  important  in- 
stallation of  by-product  recovery  gas  producers,  of  the  Mond 
type,  was  brought  to  this  country  and  put  into  operation 
under  his  direction  during  the  earlier  years  of  his  association 
with  the  Solvay  companies. 

Stewart  M.  Marshall  of  Perin,  Marshall  &  Estep.  con- 
sulting engineers,  New  York,  has  left  India  and  is  returning 
to  the  L'nited  States  by  way  of  England. 

Harry  Brown  recently  tendered  his  resignation  as  tech- 
nical manager  and  as  a  director  of  the  Bethlehem  Ship- 
liuilding  Corporation,  Ltd.  Mr.  Brown  will  leave  for  an  ex- 
tended vacation. 

r>avid  B.  Rushmore,  Chief  Engineer  of  the  power  and 
mining  department  of  the  General  Electric  Company  has  been 
appointed  to  the  staff  of  consulting  engineers  of  the  company. 
His  promotion  is  to  enable  him  to  devote  his  time  more 
fully  to  general  engineering  problems.  He  is  succeeded  by 
K.  A.  Pauly. 

Francis  J.  Hall,  vice  president  of  the  Central  Iron  &  Steel 
Company,  Harrisburg,  Pa.,  and  connected  with  the  company 
for  the  past  20  years,  has  resigned,  effective  May  31st. 


Henry  Marion  Howe  died  at  his  home  at  Bedford  Hills, 
New  York,  on  Sunday,  May  14th,  1922,  from  a  malady  which 
had  conifined  him  to  his  house  for  more  than  a  year.  Mr. 
Howe  was  born  March  2nd,  1848,  at  Boston,  Mass.  His 
father  was  Dr.  Samuel  G.  Howe  famous  for  his  service  to 
Greece  in  her  war  for  independence  (from  1824  to  1830)  and 
later  for  his  labors  in  the  instruction  of  the  blind.  His 
mother  was  Julia  Ward  Howe,  author  of  The  Battle  Hymn 
of  the  Republic,  and  leader  in  many  reforms.  He  was  gradu- 
ated in  1865  from  the  famous  Boston  Latin  School,  and  four 
years  later  received  his  degree  as  Bachelor  of  Arts  from 
Harvard  College.  Thus  equipped,  he  entered  the  Massa- 
chusetts Institute  of  Technology,  which  gave  him  in  1871  the 
degree  of  "Graduate  in  the  Department  of  Geology  and 
Mining  Engineering" — a  cumbrous  title  for  which  the  insti- 
tution substituted,  a  few  years  later,  that  of  "Bachelor  of 
Science."  And  Harvard  made  him  Master  of  Arts  in  1872, 
and  Doctor  of  Laws  in  1905. 

With  the  exception  of  approximately  five  years  devoted 
to  the  metallurgy  of  copper,  during  which  he  inaugurated 
copper  smelting  in  Chilt,  designed  and  built  the  works  of 
the  Orford  Nickel  &  Copper  Company  at  Capelton  and 
Tustis,  in  the  Province  of  Quebec,  Canada,  and  at  Bergen 
Point,  N.  J.,  and  managed  the  Pima  Copper  Mining  &  Smelt' 
ing  Company  in  Arizona,  Dr.  Howe's  whole  professional  life 
had  been  devoted  chiefly  to  the  development  of  the  iron  and 
steel  industry,  as  superintendent  of  steel  works  (Joliet,  1872, 
and  Pittsburgh,  1873-4),  consulting  metallurgist,  teacher  of 
metallurgy,  investigator,  interpreter,  writer  and  presiding  of- 
ficer. While  acting  as  consulting  metallurgist  he  was  lecturer 
on  metallurgy  at  the  Massachusetts  Institute  of  Technology 
from  1883-1897,  professor  of  metallurgy  at  Columbia  Uni- 
versity, 1897,1913,  and  .professor  emeritus,  1913-1922. 

Frank  Gibbons,  who  has  been  in  the  general  offices  of 
the  Central  Steel  Company,  Massillon,  Ohio,  for  a  number 
of  years,  has  been  appointed  sales  manager  for  the  Cleve- 
land district  of  the  company  with  offices  at  904  Swetland 
Bldg.,   Cleveland. 

Samuel  M.  Vauclain,  president  of  the  Baldwin  Locomo- 
tive Works,  and  John  C.  Neale,  vic«  president  and  general 
manager  of  sales  of  the  Cambria  Stfeel  Company,  have  been 
re-elected  directors  of  the  Cambria  company  for  a  term  of 
three  years. 
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PROGRESS  IN  BY-PRODUCT  GAS  UTILIZATION 

By  H.  DoBRiN* 

For  a  brief  consideration  of  our  subject,  and  omitting  the 
use  of  fuel  in  the  blast  furnace  and  boilers,  let  us  start  at  the 
soaking  pits,  following  on  to  the  reheating  furnaces,  and  through 
the  fabricating  divisions,  to  the  remote  corners  where  we  find 
the   blacksmith's    forges. 

The  classes  of  fuel  generally  met  with  in  the  average  steel 
plant  are  by-product  gas.  producer  gas,  oil,  tar,  coal  and  coke. 
The  by-product  gas  from  coke  ovens  does  not  always  suffice  for 
all  the  heating  operations  of  the  plant.  Rspecially  is  this  the' 
case  where  a  fabricating  plant  of  small  steel  products  is  operated 
in  conjunction  with  the  blooming,  structural  or  plate  mills.  Au.x- 
iliary  plants  of  either  producer  gas,  oil  or  powdered  coal  are 
therefore  operated  in  conjunction  with  the  available  by-product 
gas. 

The  Soaking  Pits. 

Wherever  by-product  gas  is  available,  its  use  for  heating 
ingots  for  the  blooming  mill  oflfers  an  ideal  application.  Where 
there  is  an  occasional  shortage,  producer  gas  serves  as  a  fine 
auxiliary.  In  some  plants  producer  gas  serves  as  the  principal 
fuel,  and  by-product  gas   is  used  as  an  auxiliary. 

That  the  latter  gas  is  an  ideal  fuel  for  the  soaking  pit,  is  now 
an  established  fact  in  a  good  many  steel  plants.  Time  was,  and 
for  that  matter  still  is,  when  all  the  ills  incident  to  blooming  mill 
operation  were  laid  at  the  door  of  by-product  gas  used  in  the 
soaking  pit.  In  the  plants  where  its  practicable  and  profitable 
use  have  been  learned,  one  does  not  hear  any  more  complaints 
of  burnt  steel  or  slow  heating. 

It  is  also  well  known  that  by-product  gas  is  not  as  severe  on 
the  refractories  of  the  soaking  pit  as  is  oil  or  producer  gas. 

Remember  that,  whatever  producer  gas  or  oil  can  do.  by- 
product gas  can  do  as  well,  in  fact,  better,  and  if  there  is  any 
steel  plant  that  has  been  unsuccessful  in  getting  good  results  from 
the  latter  fuel,  it  is  not  the  fault  of  the  fuel  by  any  means.  A 
few  small  changes,  either  in  the  arrangement  of  the  piping,  or 
the  taking  out  or  the  adding  of  a  brick  here  and  there,  often  con- 
stitute the  difference  between  success  and  failure  on  this  appli- 
cation. 

Reheating  Furnaces. 

Coming  to  the  reheating  furnaces,  we  have  now  an  even  more 
suitable  application  for  the  by-product  gas  than  at  the  soaking 
pit.  If  you  have  an  auxiliary  fuel  for  the  soaking  pits  you 
should  hardly  require  one  for  the  reheating  furnaces. 

Here  we  may  perhaps  put  our  finger  on  one  cause  of  high  fuel 
costs— auxiliary  fuel  plants  are  often  installed  in  too  many  de- 
partments. If  you  would  analyze  and  definitely  determine  your 
fuel  requirements,  as  well  as  your  minimum  available  by-product 
gas  supply,  and  then  select  the  operations  for  which  this  gas  is 
most  ideally  suited,  and  allot  the  gas  to  such  operations,  you 
would  find  it  possible  to  dispense  with  a  good  number  of  aux- 
iliary fuel  installations.  Give  your  fuel  co-ordination  the  same 
care  and  attention  that  you  give  your  power  co-ordination. 

The  furnaces  and  operations  for  which  the  gas  is  best  suited 
should  then  have  the  first  call  on  the  available  supply.  To  avoid 
confusion,  the  gas  could  be  pumped  and  delivered  at  a  high  pres- 
sure to  the  first-call  units,  and  the  other  mills,  not  being  so 
equipped,  could  not  get  the  gas,  except  in  periods  when  the  sup- 


*Consulting   Fuel    Engineer,   Birmingham,    Ala. 


ply  is  abundant,  and  would  have  to  resort  to  their  auxiliary  fuel. 
It  is  freely  predicted  by  the  writer  that  by-product  gas  will 
soon  be  the  only  fuel  that  steel  mills  will  use  in  their  reheating 
furnaces,  providing  this  gas  is  at  all  available.  This  prediction  is 
based  on  the  success  of  a  recent  experiment  in  a  steel  plant  where 
the  checkers  and  stack  of  a  reheating  furnace  were  entirely 
eliminated,  and  the  fuel  cost,  per  ton  of  steel  rolled,  has  for  some 
months  been  consistently  and  steadily  lower  than  the  fuel  cost  on 
the  old  type  regenerative  checker  furnaces.  Nor  has  the  fuel  cost 
practice  on  this  direct-fired,  non-regenerative  furnace  been  poorer 
than  is  tse  average  fuel  cost  practice  in  most  mills.  The  heating 
quality  of  this  furnace  compares  more  favorably  with  the  old- 
type  furnaces  both  as  to  speed  and  uniformity,  besides  consider- 
ably reducing  slag  losses.  As  there  is  no  underground  work 
whatever  on  this  furnace,  you  will  readily  see  that  the  first  cost 
does  not  begin  to  compare  with  the  old  type  furnace.  This  fur- 
nace still  has  to  be  perfected  along  mechanical  lines,  but  in  view 
of  the  advantages  that  it  seems  to  ofler,  it  will  not  be  long  before 
it  will  be  perfected. 

Fabricating  Mills. 

Here  is  a  part  of  the  plant  where  there  is  room  for  improve- 
ment in  almost  every  case.  Especially  is  this  true  where  the  plant 
manufactures  bolts,  nuts,  rivets,  large  and  small  forgings,  and  the 
multitude  of  other  small  steel  products.  The  same  applies  to  the 
plant  which  does  a  good  deal  of  annealing,  also  welding. 

In  going  through  a  forging  or  annealing  shop,  it  is  not  un- 
common to  find  the  use  of  oil,  tar,  blacksmith's  coal  and  coke,  in 
addition  to  the  by-product  gas.  And  in  order  that  the  combus- 
tion of  the  above  fuels  may  be  facilitated,  steam  lines  for  the  oil 
combustion,  as  well  as  a  multitude  of  low  pressure  air  blowers 
and  high  pressure  air  compressors  for  the  gas  combustion,  have 
had  to  be  installed.  In  addition  we  find  the  coal  car  sidin.g  for 
the  dumpin.g  of  the  blacksmith's  coal.  Then  the  laborers  required 
for  wheeling  the  coal  and  ashes  and  cleaning  the  blacksmith's 
forges.  It  is  now  definitely  established  that  by-product  gas  can 
displace  all  the  above  mentioned  fuels,  as  well  as  the  steam,  low 
and  high  pressure  blowers,  coal  and  ash  handling,  and  all  the  dust 
and  smoke.  A  cleaner  and  speedier  welding  operation  can  be  per- 
formed with  gas  than  with  either  coal  or  coke,  and,  without  fear 
of  contradiction,  at  practically  one-tenth  the  cost.  It  is  all  a 
matter  of  correct  application  of  the  gas,  and  a  thorough  control 
of  the  mixture  of  gas  and  air.  This  can  be  very  well  done,  in 
view  of  the  present  stage  of  development  of  the  art. 

Now  getting  down  to  the  general  lay-out  of  a  fuel  conserva- 
tion program,  or  rather  a  fuel  cost-reducing  program,  it  is  well 
to  bear  in  mind  that  the  smaller  the  furnace  the  more  ideal  is  the 
application  of  gas  for  it,  and  the  more  refined  the  operation  or 
the  product,  the  mort  ideally  is  by-product  gas  suited  for  same. 
So,  in  laying  out  a  plan,  it  is  best  to  start  with  providing  the 
smaller  operations  and  furnaces  with  gas,  and,  of  course,  afford- 
ing them  first  call  on  the  gas.  It  is  obviously  simpler  and  cheaper 
to  turn  the  auxiliary  fuel  on  a  row  of  soaking  pits  than  to  cause 
40  or  SO  small  furnaces  to  go  on  an  auxiliary  fuel. 

In  a  steel  plant  where  all  the  furnaces  in  the  fabricating  divi- 
sion were  converted  to  a  single  fuel- — by-product  gas — and  where 
the  use  of  oil  and  coal  was  entirely  eliminated,  thereby  also  dis- 
pensing with  the  need  for  steam,  air  compressors,  low  pressure 
air  blowers  and  coal  handling  facilities,  the  resultant  savings 
were  a  revelation,  and  exceeded  by  far  the  best  expectations  of 
the  management. 
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The  American  Industrial  Engineering 
Company,  Chicago,  has  recently  taken 
an  order  from  the  Tennessee  Coal,  Iron 
and  Railroad  Company  for  the  installa- 
tion of  complete  low  pressure  pulverized 
coal  burning  plant  for  utilizing  pulver- 
ized coal  as  fuel  under  one  of  the  boilers 
in  that  company's  new  power  plant  at 
Ensley,  Alabama. 

The  Gas  Combustion  Company  of 
Pittsburgh,  Pennsylvania,  has  recently 
filled  its  fourth  repeat  order  for  Brad- 
shaw  Burners  at  Carnegie  Steel  Com- 
pany, New  Castle  Plant,  New  Castle, 
Pennsylvania.  They  have  also  received 
an  order  to  equip  the  new  boiler  plant 
of  The  Tennessee  Coal,  Iron  and  Rail- 
road Company  at  Ensley,  Alabama  with 
the  Pressure  Type  Bradshaw  Burner. 

Metal  &  Thermit  Corporation,  New 
York,  announces  the  removal  of  its 
Pittsburgh  Branch  Office  from  1427 
Western  avenue,  to  801-807  Hillsboro 
street,  Corliss  Station,  Pittsburgh,  Pa. 

The  Atmospheric  Nitrogen  Corpora- 
tion has  ordered  from  The  U.  G.  I.  Con- 
tracting Co..  of  Philadelphia,  additional 
equipment  for  its  blue  gas  plant  at  Syra- 
cuse, N.  Y. 

The  La  Belle  Iron  Works  of  the 
Wheeling  Steel  Corp.,  Steubenville,  Ohio, 
have  taken  definite  action  to  greatly  in- 
crease both  efficiency  and  production  of 
the  open  hearth  furnaces  at  their  plant. 
One  of  the  furnaces  has  been  rebuilt 
after  the  McKune  plan  and  sixteen  addi- 
tional Chapman  Floating  Agitators  with 
automatic  feed  are  being  installed.  These 
sixteen  are  in  addition  to  four  already  in 
service,  thus  equipping  a  large  portion 
of  the  gas  producers  supplying  the  fur- 
naces. Previously  each  furnace  was 
supplied  by  four  8  ft.  inside  diameter 
handnpoked  producers.  As  a  result  there 
was  usually  a  shortage  of  gas.  Now 
three  producers  equipped  with  agitators 
easily  take  care  of  each  furnace,  giving 
a  uniform  supply  of  high  .grade  .gas  so 
essential  to  secure  better  furnace  opera- 
tion and  increased  production. 

The  U.  G.  I.  Contracting  Co.,  of  Phila- 
delphia, has  received  a  contract  from  the 
Northern  Indiana  Gas  &  Electric  Co. 
for  the  installation  of  15  ft.  circular  steel 
purifiers  to  be  installed  at  Michigan  City. 

Ind. 

The  American  Supply  Company.  13.=; 
Washington  St.,  Providence,  R.  I.,  has 
been  appointed  agent  for  the  Providence 
district  to  represent  the  Qui.gley  Furnace 
Specialties  ConiDaiiv  of  New-  York, 
mnnufacturers  of  ITYTEMPTTK.  The 
Quigley  products  are  warehoused  in 
Providence  for  quick  delivery  tn  local 
points. 
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The  Electric  Furnace  ConstTUction  Co., 
Philadelphia,  advise  that  the  Electric 
Steam  Generator  of  the  "Kaelin  System" 
recently  installed  at  the  Laurentide  Paper 
Co.,  commenced  operating  April  21st. 
.\lthough  only  designed  for  25,000  kilo- 
watts, this  boiler  is  averaging  34,000  kilo- 
watts and  is  producing  100,000  lbs.  of 
steam  per  hour  at  125  lb.  pressure. 

The  Western  United  Gas  &  Electric 
Co.  has  awarded  contract  to  The  U.  G.  I. 
Contracting  Co.,  of  Philadelphia,  for  the 
installation  of  one  (1)  11  ft.  cone  top  set 
of  Carburetted  Water  Gas  .\pparatus  and 
two  (2)  Waste  Heat  Boilers  to  be  in- 
stalled at  the  Joilet,  111.  plant.  Included 
in  the  water  gas  installation  will  be  one 
(\)  U.  G.  I.  Automatic  Control. 

The  Taylor- Wilson  Manufacturing 
Company,  McKees  Rocks,  Pa.,  has  re- 
cently opened  a  Sales  Office  at  1212  Park 
Bldg..  Pittsburgh.  Pa.  This  office  is  in 
charge  of  Mr.  Wm.  Y.  Banks,  Jr..  as 
Special  Sales  Manager. 

The  Sharon  Pressed  Steel  Company  on 
May  1st  will  move  their  office  from  No. 
66  Broadway  to  their  new  warehouse  in 
the  Dodge  Building  at  No.  47  West 
Broadway,  corner  of  Murray  street, 
where  they  will  carry  for  demonstration 
a  complete  line  of  trucks,  trailers,  skids 
and  other  pressed  steel  products. 
miuiiiiitiiiiiiiiiunninmiiiiiiiiiiniiiniiiniii nil miiiiii iiiiin lunitimimniiiiiiiiinnnimH 
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.^dam  Hilger,  Limited,  Optical  Works, 
75  A  Camden  Road,  London,  N.  W.  1. 
have  issued  a  very  interesting  pamphlet 
descriptive  of  their  chemical  spectro- 
meter It  contains  information  also  re- 
garding the  use  of  this  instrument. 

W.  S.  Rockwell  have  issued  Bulletin 
No.  242.  "The  Influence  of  Method  of 
Heating  and  Handling  on  Quality  and 
Cost  of  Heat-Treated  Products,"  sum- 
marized in  this  Bulletin,  should  interest 
those  concerned  with  the  problem  of  pro- 
ducing better  products  at  less  cost,  be- 
cause of  reference  to  essential  factors 
generally  overlooked  in  practice  and  illus- 
trations of  the  practical  application  of 
the  principles  outlined. 

The  Scientific  Materials  Company  have 
issued  a  pamphlet  describing  "The  F  and 
F  Optical  Pyrometer."  This  instrument 
is  used  to  measure  the  temperatures  in 
Fuel  Beds,  Heat  Treating  Furnaces, 
Coke  Ovens.  Open  Hearth  Furnaces, 
Soaking  Pits  and  other  locations  where 
high  temperatures  are  obtained. 

Paul  Haehler  Co..  Chicago.  111.,  has 
issued  a  new  catalog  which^  describes  in 
detail  its  line  of  industrial  ovens.  The 
construction  of  Maehler  ovens  is  given, 
as  well  as  data  on  ventilation  and  circu- 
lation, assembling  or  setting  up,  fuels  for 
industrial  ovens,  gas-heated  ovens,  elec- 
tric heat  and   its   adaptation   to  Maehler 
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ovens,  conveyor  and  special  type  ovens, 
core  ovens,  potash  tanks  and  boiling 
cauldrons  and  oven  accessory  equipment. 
The  booklet  is  well  illustrated. 

The  Page  Steel  &  Wire  Co.,  Monessen, 
Pa.,  has  just  issued  a  new  handbook  de- 
scribing and  illustrating  interesting  de- 
velopments in  the  welding  field 

The  Aeroil  Burner  Co.,  Inc.,  Union 
Hill,  N.  J.,  has  just  received  from  the 
press  its  new  bulletin.  No.  20,  on  "Oil- 
Burning  Appliances." 

Clement  K.  Quinn  &  Co.,  Duluth. 
Minn.,  has  issued  its  1922  Analyses  of 
Lake  Superior  Iron  Ores. 

The  Grindle  Fuel  Equipment  Co.,  Har- 
vey, 111.,  has  issued  its  first  general  cata- 
log on  Grindle  powdered  fuel  equipment, 
which  contains  40  pages  of  text  and  illus- 
trations. The  advantages  of  powdered 
fuel  in  general  is  given  and  the  advan- 
tages and  operation  of  the  Grindle  system 
in  particular.  Copies  will  be  sent  to  in- 
terested parties  on  request. 

The  Chapman-Stein  Furnace  Co.,  Mt. 
Vernon,  O.,  is  circulating  four  separate 
bulletins  on  industrial  furnaces  under  one 
cover.  These  furnaces  are  of  the  re- 
cuperative type,  in  which  the  air  and 
usually  the  gas,  are  both  preheated  by 
passing  through  chambers  previously 
heated  by  the  spent  gases.  The  furnace 
applications  described  in  the  bulletins  in- 
clude rolling  mill  use.  forging  and  an- 
nealing. The  data  given  are  complete  and 
very  interesting. 

The  Peabody  Engineering  Corp,  New 
York,  has  published  an  8-page  illustrated 
bulletin  in  which  a  mechanical  atomizer 
and  air  register  is  described.  This  air 
register  is  designed  to  give  absolute  con- 
trol of  the  air  supply  under  varying  load 
conditions.  The  shutters  are  so  arranged 
that  they  give  the  air  current  the  correct 
amount  of  rotation  for  all  loads,  and  the 
register  is  so  constructed  that  all  the 
shutters  may  be  placed  in  the  position 
to  give  the  right  amount  of  air  for  per- 
fect combustion  by  turning  a  handle. 

The  R.  J.  Teetor  Co.,  Muskegon,  Mich., 
is  circulating  an  illustrated  folder  in 
which  attention  is  called  to  its  line  of 
molding  machines.  Three  models  are 
described. 

The  Independent  Pneumatic  Tool  Co., 
Chicago,  has  published  a  small  folder  in 
wliich  pneumatic  drills  for  light  work. 
drilling,  reaming,  wood  boring,  screw 
driving,  cleaning,  polishing,  removing 
"icale.  paint  or  rust  .ire  described  and 
illustrated. 

The  Shepard  Electric  Crane  &  Hoist 
Co..  Montour  Falls.  N.  Y..  is  circulating 
a  4-page  illustrated  bulletin  in  which  an 
electric  hoist  is  described  and  illustrated. 
It  is  claimed  this  hoist  has  a  wide  range 
of  application.  Details  of  construction 
are  given  in  the  folder. 
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Control  of  Silicon  in  the  Blast  Furnace 

Discussion  Showing  How  the  Composition  of  the  Iron  Is  Regu- 
lated by  Varying  in  General  the  Composition  of  the  Charge  and 
by  Controlling  the  Temperature  of  the  Hearth. 

By  S.  L.  GOODALE 
Professor  of  Metallurgy,  School  of  Mines,  University  of   Pittsburgh 

PART  II 


THE  proper  control  of  silicon  is  one  of  the  most  im- 
portant factors  in  the  management  of  qviality  of  cast 
iron  during  the  processes  of  manufacture.  A  great 
deal  of  study  has  been  put  on  this  subject  over  a  period 
of  many  years.  Most  of  this  study  has  been  carried  on 
by  plant  investigators  using  the  facilities  of  the  various 
foundries  with  which  they  were  connected,  and  securing. 
primarily,  results  of  direct  application  to  the  solution  of 
their  own  particular  problems,  and  often  of  little  fur- 
ther value.  Most  of  the  results  of  such  studies  have 
never  been  published  at  all,  and  when  published  are 
usually  ver}-  difficult  to  compare  because  of  the  different 
conditions  in  the  various  places  where  the  work  had 
been  done.  Nevertheless,  so  nuich  of  careful  compari- 
son of  results  has  been  done  that  most  of  the  various  in- 
fluences are  now  much  better  understood  than  formerly. 

The  influence  of  silicon  for  the  most  part  is  well 
understood  in  a  practical  general  way,  and  the  scientific 
explanation  of  its  influence  has  been  pretty  well  worked 
out.  The  equilibrium  diagram  of  the  iron  silicon  alloys 
was  very  carefully  determined  by  Messrs.  Guertler  and 
Tamman  some  years  ago,  and  Gontermann  worked  ex- 
tensively and  painstakingly  on  the  diagram  of  the  iron- 
carbon-silicon  system. 

Guertler  and  Tamman  concluded,  as  a  result  of  their 
own  work  and  that  of  previous  investigators,  that  sili- 
con, up  to  some  18  per  cent  by  weight,  exists  in  iron  as  a 
compound  of  the  composition  Fe„Si  in  solid  solution  in 
the  iron.  Commercial  cast  iron  does  not  go  over  4  or  5 
per  cent  of  silicon,  usually  nuich  lower  than  that,  and  this 
part  of  the  eqitilibrium  diagram  is  sufficient  for  our  pres- 
ent purpose.  This  investigation,  of  course,  refers  to 
the  properties  of  pure  iron-silicon  alloys,  and  not  directly 
and  primarily  to  the  influence  of  silicon  on  commercial 
cast  iron.  But  in  order  to  understand  the  effects  of  sili- 
con on  cast  iron  it  will  certainly  be  of  use  to  know  the 
kind  of  alloy  that  pure  iron  and  pure  silicon  will  make 
without  other  elements  being  present. 

The  very  nearly  pure  iron  silicon  alloys  are  used  for 
electrical  purposes  where  high  magnetic  permeability  and 
low  hysteresis  are  desired  and  where  high  electric  re- 
sistance is  also  useful.     Such  material  is  made  into  thin 


shi.,ets  and  then  punched  to  the  shapes  needed  for  mak- 
ing the  cores  of  transformers  and  armatures  for  dyna- 
mos and  motors.  Transformer  core  metal  may  contain 
up  to  4.25  per  cent  of  silicon,  usually  running  about  4 
per  cent,  and  becoming  rather  brittle  if  it  goes  much 
above  these  limits,  and  the  sheet  for  dynamo  and  motor 
core  use  contains  usually  about  1  per  cent  silicon  in  order 
to  secure  freedom  from  this  brittleness,  and  because  this 
sheet  has  often  to  have  great  physical  strength  and  re- 
liability. Power  losses  are  cut  down  in  two  ways  by 
using  silicon  steels  for  these  purposes.  The  direct  mag- 
netic losses  are  lessened  by  the  lower  magnetic  reluc- 
tance of  the  metal,  and  the  stray  current  losses  which 
cause  heating  of  the  cores  are  lessened  by  the  high  elec- 
trical resistance.  In  these  cases  it  is  the  direct  influence 
of  the  silicon  on  the  iron  that  is  of  importance. 

In  commercial  cast  iron  the  effect  of  silicon  on  the 
condition  of  the  carbon  is  of  greater  importance  than  its 
direct  effect  on  the  quality  of  the  metal.  In  studying 
this  subject  it  is  necessary  to  realize  that  silicon  does 
have  at  least  two  kinds  of  effects,  which  may  or  mav  not 
be  independent  of  each  other.  It  has  firstly  a  direct  in- 
fluence when  added  to  pure  iron,  as  described  in  the 
paragraph  above,  and  secondly  it  has  the  effect  of  a  pre- 
cipitant on  carbon.  Silicon,  also,  has  an  extremely  high 
heat  of  oxidation,  and  because  of  this  it  is  used  in  both 
iron  and  steel  to  act  as  a  scavenger  to  remove  oxygen 
and  so  assist  in  securing  sotmd  castings,  but  this  use  of 
silicon  does  not  require  much  more  silicon  to  be  used 
than  will  be  oxidized ;  and  there  is  thus  practically  no 
silicon,  or  but  very  little  indeed,  really  left  in  the  metal 
because  of  this  use.  It  is  the  second  effect  above  men- 
tioned that  i"  most  important  to  the  iron  foundry  man, 
and  with  which  this  paper  will  mainly  deal. 

Commercial  cast  iron  is  a  very  complex  alloy  of  some 
six  principal  elements,  and  a  varying  number  of  others, 
the  importance  of  some  of  which  at  times  is  very  con- 
siderable. Presumably  each  one  of  the  elements  enter- 
ing into  the  composition  of  any  cast  iron  has  some  effect 
or  effects  on  the  properties  of  that  iron.  And  although 
cast  iron  has  been  known  and  carefully  studied  for  so 
many  years  these  effects  are   not  yet   fully   known   for 
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even  the  five  principal  alloying  elements  added  to  the  iron 
in  the  metal.  'Hie  reason  for  this  is  the  great  com- 
plexity of  the  subject,  and  the  fact  that  there  are  usually 
other  factors  affecting  the  matter  than  the  composition 
only  as  determined.  This  brings  us  to  a  question  about 
which  much  controversy  has  raged,  and  that  is,  can  one 
tell  what  the  properties  of  a  given  pig  iron  will  be  from 
its  analysis? 

Can  one  tell  the  properties  of  pig  iron  from  its  analy- 
sis? Yes  and  no.  Ideally,  yes;  practically  and  theo- 
retically, no.  An  ideal  analysis  would  be  a  complete 
analysis— it  would  tell  us  just  how  much  of  everything 
the  metal  contains.  Actually,  such  analyses  cannot  be 
obtained.  It  is  very  difficult  to  get  representative  sam- 
ples, and  it  would  cost  too  much  to  determine  the  exact 
amounts  of  some  elements  that  are  present  in  amounts 
of  a  few  hundredths  of  one  per  cent.  Cast  iron  may  con- 
tain a  few  hundredths  per  cent  of  such  elements  as  cop- 
per, nickel,  cobalt,  or  even  silver  or  gold,  and  possibly 
also  of  oxygen,  nitrogen  or  others.  Presumably,  the 
effects  of  the  traces  of  these  elements  can  for  the  most 
part  be  neglected,  but  we  cannot  be  sure  about  this  for 
any  particular  element  until  it  has  been  investigated  by 
competent  workers.  We  certainly  cannot  predict  the 
properties  of  an  alloy  from  its  analysis  unless  we  have 
a  complete  analysis,  or  know  the  analysis  to  be  suffi- 
ciently complete  to  permit  of  its  determining  all  the 
properties  desired  to  be  known.  Analyses,  as  usually 
made,  even  those  called  complete  analyses,  are  not  ideally 
complete.  Therefore  we  certainly  cannot  predict  the 
properties  of  pig  iron  from  the  analyses  usually  available. 

From  time  to  time  circumstances  arise  which  cause 
one  or  another  of  these  details  to  be  investigated  care- 
fully, and  it  is  known  that  the  effects  of  very  small 
amounts  of  many  of  the  elements,  such  as  copper  and 
nickel,  etc.,  are  so  slight  as  to  be  negligible  for  practical 
purposes.  While  many  of  these  are  negligible,  it  is  by 
no  means  sure  that  all  of  them  are.  In  fact,  within  a 
few  years  a  very  good  case  has  been  made  out  tending 
to  prove  that  the  effects  of  a  few  hundredths  of 
a  per  cent  of  oxygen  is  of  very  great  importance  in  de- 
termining the  properties  of  cast  iron.  The  late  J.  E. 
Johnson,  Jr.,  did  a  great  deal  of  careful  work  on  this 
and  reported  his  results  in  a  very  convincing  manner.  It 
is  hard  to  understand  how  it  is  possible  for  oxygen  to 
exist  at  a  high  temperature  in  composition  in  an  alloy 
that  contains  so  many  elements  that  ordinarily  combine 
energetically  with  oxygen.  The  exact  form  of  the  oxy- 
gen was  not  determined  in  Johnson's  research,  neither 
was  the  effect  quantitatively  determined.  It  was  found 
that  iron  with  any  small  per  cent  of  oxygen  within  lim- 
its would  have  certain  valuable  properties,  and  iron  other- 
wise, as  far  as  determined,  identically  alike,  but  having 
no  oxygen,  did  not  have  those  properties  and  was  not 
so  good. 

When  a  small  amount,  up  to  18  per  cent  by  weight, 
of  silicon  alloys  with  pure  iron  the  compound  Fe.Si  is 
formed,  and  this  compound  then  exists  in  solid  solution 
in  the  alloy.  The  properties  of  this  solid  solution  alloy 
of  iron  and  silicon  are  somewhat  different  from  the 
properties  of  pure  iron.  The  electrical  resistance  and 
magnetic  permeability  are  increased,  the  magnetic  reluc- 
tivity decreased,  and  the  crystallization  of  the  metal  is 
made  coarser.  The  alloy  is  not  able  to  dissolve  as  much 
carbon  as  can  the  pure  iron.  The  alloy  is  much  more 
resistant  to  the  ordinary  acids  than  is  pure  iron,  and 
this  property  is  made  use  of  in  a  number  of  special  acid 
resisting  casting  compositions  high  in  silicon  which  have 
been  developed.     These  castings  are  usually  very  hard 


and  very  brittle.  But  a  factor  that  has  a  certain  action 
on  pure  iron  may  or  may  not  have  just  the  same  action 
on  iron  when  some  other  element  is  present ;  and  each 
added  element  complicates  the  situation  in  the  number  of 
possible  actions  it  may  exert  in  view  of  varying  com- 
position. 

For  irons  as  used  in  ordinary  gray  iron,  or  in  mal- 
leable, foundry  work,  the  more  important  effect  of  sili- 
con is  its  influence  on  the  condition  of  the  carbon.  Car- 
bon may  be  present  in  cast  iron  either  as  graphite,  or  as 
the  compound  Fe^C.  Graphite  is  a  soft,  black  substance 
with  a  strong  tendency  to  crystallize  in  leaves  or  plates 
when  conditions  permit.  It  is  itself  weak  and  non- 
adherent to  iron,  and  it  therefore  affects  the  strength  of 
the  metal  according  to  how  much  it  breaks  up  the  con- 
tinuity, and  this  depends  on  the  shape,  arrangement  and 
size  of  the  particles  of  graphite.  And  the  shape  and  size 
of  graphite  particles  can  vary  very  widely  from  globular 
particles  of  a  diameter  less  than  a  hundredth  of  an  inch, 
to  plates  an  inch  or  more  in  extent,  along  which  the 
metal  cleaves  with  little  effort.  Any  influence  which 
tends  to  control  the  shape  and  size  of  graphite  particles 
will  be  of  great  importance  to  foundry  men,  and  this 
is  what  J.  E.  Johnson,  Jr.,  claimed  for  oxygen,  namely, 
that  the  presence  of  a  small  amount  of  oxygen  caused 
the  graphite  to  be  present  in  small,  scattered  particles 
which  break  up  the  continuity  of  the  iron  much  less  than 
the  coarse  plates  formed  in  the  ordinary  run  of  foundry 
gray  iron.  He  stated  even  that  the  presence  or  absence 
of  silicon,  phosphorus  and  manganese  will  not  account 
for  half  of  the  facts  which  have  long  been  known  con- 
cerning the  control  of  the  carbon  condition,  fluidity  and 
chilling  qualities  of  the  iron. 

Silicon  has  a  strong  effect  which  varies  with  tempera- 
ture and  the  amount  of  silicon  present,  tending  to  force 
carbon  into  the  form  of  graphite,  this  tendency  being 
stronger  the  higher  the  temperature.  The  tendency  is 
so  slight  at  temperatures  below  the  pearlite  transforma- 
tion point  that  it  is  not  usually  effective  except  in  the 
presence  of  a  catalyzing  agent,  such  as  graphite  already 
formed  at  a  high  temperature.  In  the  case  of  iron  alloys 
rich  in  carbon,  i.  e.,  cast  irons,  silicon  seems  to  act  to 
lessen  the  total  amount  of  carbon  the  metal  is  capable 
of  absorbing.  According  to  Hatfield  some  3.25  per  cent 
of  silicon  will  reduce  the  carbon  in  iron  from  about  4.3 
per  cent  to  about  3.4  per  cent,  and  25  per  cent  of  silicon 
further  reduces  the  carbon  to  about  1  per  cent.  The 
presence  of  the  silicon  raises  the  freezing  point  of  the 
eutectic  from  about  1135  deg.  C.  for  pure  iron  to  1190 
deg.  C.  for  the  3.25  per  cent  silicon  alloy  and  to  some 
1250  for  the  25  per  cent  alloy.  In  spite  of  the  higher 
melting  point  of  the  silicon  containing  alloys  they  are 
very  fluid  when  melted,  and  this  eft'ect  is  one  of  the  prac- 
tical points  in  the  use  of  silicon  in  commercial  amounts. 

It  is  not  known  that  the  silicon  has  any  particular 
effect  to  control  the  shape  of  the  graphite;  it  merely 
tends  to  change  the  carbon  from  the  form  of  the  com- 
pound Fe.;C  to  the  form  graphite.  The  thing  that  mainly 
controls  the  shape  of  the  resulting  graphite  is  the  tem- 
perature at  which  the  change  has  been  forced  in  any 
particular  case,  and  it  may  be  that  oxygen  also  has  a  very 
important  influence  on  these  factors,  though  the  way  in 
which  this  influence  is  exerted  is  not  yet  exactly  known. 

But  the  control  of  carbon  as  between  graphite  and 
combined  carbon  does  not  tell  the  whole  story.  As  FcjC. 
carbon  may  exist  in  iron  in  different  ways,  and  the  treat- 
ments under  which  silicon  is  active  are  also  treatments 
which  affect  the  FcjC,  entirely  aside  from  the  way  it  is 
affected  by  the  silicon  present.     The  combined  carbon 
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may  exist  in  iron  as  a  part  of  the  constituent  called 
pearlite  which  is  composed  of  very  minute  alternating 
leaves  or  plates  of  iron  and  of  this  compound  Fe3C ; 
and  it  may  also  exist  as  a  separate  constituent  by  itself 
in  a  more  or  less  massive  crystalline  form,  when  it  is 
often  spoken  of  as  free  cementite.  On  heating  iron 
past  a  temperature  of  about  700  deg.  C.  the  pearlite 
undergoes  a  change,  and  its  constituents,  iron  and  car- 
bide, merge  or  dissolve  in  one  another  and  form  a  new 
constituent,  called  Austenite,  which  is  the  normal  form 
of  the  alloy  at  high  temperatures.  The  iron  in  this  solid 
solution  is  in  a  different  condition  from  the  iron  in 
the  pearlite,  a  different  allotropic  modification  with  dif- 
ferent crystal  form  and  different  other  properties.  As  the 
temperature  rises  above  700  deg.  C.  to  about  1130  deg.  C. 
this  Austenite  is  capable  of  dissolving  increasing  amounts 
of  carbon  as  Fcs^C  up  to  about  1.7  per  cent  of  carbon  at 
1130  deg.  C.  If  more  carbon  is  present  at  any  tempera- 
ture than  the  Austenite  can  dissolve  it  is  probable  that 
it  is  this  excess  carbon  not  in  solid  solution  that  is  first 
affected  by  the  silicon  present  at  the  high  temperature 
and  caused  to  break  down  from  the  compound  form  into 
graphite.  Furthermore,  there  is  the  possibility  that  the 
carbide  that  exists  in  solid  solution  in  the  Austenite  may 
be,  to  a  certain  extent,  dissociated  into  ions,  or  some 
similar  form,  in  a  manner  analogous  to  electrolytes  in 
water  solution,  and  that  the  carbon  containing  ion  may 
be  more  susceptible  to  the  action  of  silicon  than  the 
carbon  of  the  carbide  in  solid  solution  and  not  disso- 
ciated. Since  in  some  cases  all  of  the  carbon  in  cast 
iron  exists  as  graphite  it  is  quite  possible  that  the  sili- 
con can  force  the  change  also  of  the  carbon  that  is  dis- 
solved in  the  Austenite,  although  the  last  portions  of 
the  carbide  to  be  broken  down  may  be  changed  at  a  tem- 
perature below  the  pearlite  transformation. 

If,  at  a  very  high  temperature,  in  the  solidification  of 
a  molten  iron,  carbide  be  crystallized  out,  the  tendency 
of  any  silicon  present  to  change  this  into  graphite  and 
iron  is  very  strong.  Grey  iron  is  formed  when  the  ten- 
dency is  just  strong  enough  to  cause  the  graphite  to 
form  while  the  iron  is  in  a  plastic,  but  not  fluid  condi- 
tion. Graphite  that  forms  while  the  iron  is  still  thor- 
oughlv  fluid  will  naturally  rise  to  the  surface  and  float 
away  as  kish,  although  often  some  of  the  kish  is  caught 
near  the  surface  in  the  iron  in  masses.  Since  in  gray 
iron  the  graphite  exists  for  the  most  part  in  idiomorphic 
crystals,  well  scattered  through  the  metal,  the  condition 
of  the  metal  when  they  formed  is  thus  fairly  definitely 
established.  If  the  graphite  is  formed  after  the  iron  has 
completely  solidified  it  must  come  out  in  the  forms  that 
are  characteristic  of  malleable  castings,  rather  than  the 
idiomorjjhic  leaves,  etc.,  in  which  it  occurs  in  gray  iron. 

It  was  stated  that  in  pure  silicon  alloys  the  silicon 
exists  as  the  compound  FejSi  in  solid  solution  in  the  iron. 
But  cast  iron  is  a  complex  alloy  and  we  need  to  consider 
not  the  iron  and  silicon  alone,  but  also  carbon,  man- 
ganese, sulphur  and  phosphorus  also,  and  how  these 
added  elements  affect  the  alloys.  When  carbon  only  is 
present  in  addition  to  silicon  and  iron,  the  carbon  exists 
as  above  outlined,  and  the  silicon  exists  mainly  in  the 
ferrite  or  pure  iron  part  of  the  alloy  in  solid  solution, 
while  a  smaller  portion  of  the  silicon  is  crystallized  with 
the  carbide  Fe^C,  and  it  is  quite  likely  that  it  is  the  small 
amount  of  silicon  so  crystallized  that  lessens  the  stability 
of  the  carbide  so  much. 

Professor  Albert  Sauveur,  of  Harvard  University, 
has  very  ably  presented  the  idea  of  the  importance  of 
the  proximate  composition  of  alloys,  especially  iron  and 
steel.      The    term    proximate   composition    or    proximate 


analysis  must  not  be  confused  with  the  similar  sounding 
word  approximate.  Proximate  analysis  means  analyz- 
ing into  the  physically  separate  entities  or  smallest  par- 
ticles we  can  distinguish  by  purely  physical  means  which 
go  to  make  up  the  alloy.  These  entities  have  been  named 
by  Professor  Howe  "metarals."  Cast  iron  is  made  up 
of  the  metarals,  ferrite,  pearlite,  cementite  or  free 
cementite,  graphite,  sulphides,  Steadite  or  the  iron  phos- 
phide eutectic,  and  others  according  to  its  ultimate  com- 
position. Each  metaral  may  be  an  element,  or  a  com- 
pound, or  possibly  a  mechanical  mixture  such  as  an  eutec- 
toid  alloy.  The  metarals  are  the  separate  things  seen 
when  the  sample  is  properly  prepared  and  examined  by 
the  aid  of  the  microscope,  and  occasionally  some  of  the 
metarals  may  be  large  enough  to  be  seen  without  the 
microscope,  though  this  would  be  doubtful  in  any  good 
commercial  metal. 

Manganese  forms  solid  solution  alloys  in  all  propor- 
tions with  iron.  It  also  forms  a  carbide  of  the  formula 
MnjC,  which  is  capable  of  crystallizing  with  Fefi,  and 
in  any  irons  containing  much  manganese  it  is  probable 
that  a  part  of  the  manganese  exists  in  both  of  these 
forms.  Manganese  has  a  much  higher  affinity  for  sul- 
phur than  has  iron,  and  whenever  something  like  twice 
or  more  than  twice  as  much  manganese  as  sulphur  is 
present  most  of  the  sulphur  will  form  either  manganese 
sulphide  or  complex  manganese  iron  sulphides. 

Sulphur  forms  with  iron  the  compound  FeS,  which 
is  fairly  stable  at  high  temperatures.  This  sulphide  is 
very  detrimental  to  iron  because  it  forms  envelopes  about 
the  iron  grains,  and  having  itself  little  strength  mechani- 
cally and  but  little  cementing  quality,  it  makes  what  is 
called  a  rotten  alloy,  or  one  which  will  crumble  easily. 
This  effect  is  particularly  in  evidence  at  a  fairly  high 
temperature,  about  in  the  rolling  temperature  for  steel, 
when  the  iron  sulphide  is  melted  or  plastic.  The  man- 
ganese sulphide  or  manganese  iron  sulphides  that  form 
in  preference  to  iron  sulphide  when  sufficient  manganese 
is  present  behave  very  differently  in  iron,  partly  because 
of  their  higher  melting  point  and  partly  because  of  the 
different  surface  tension  between  them  and  iron.  The 
shape  of  the  particles  of  the  manganese  bearing  sulphides 
tends  to  be  more  bulky  than  the  pure  iron  sulphide,  so 
the  manganese  bearing  sulphides  appear  as  small  round 
globules,  or  as  these  globules  may  be  elongated  into 
strings,  not  as  the  extended  envelopes  that  enclose  the 
grains  of  the  metal.  Aside  from  this  effect  of  sulphur, 
sulphur  has  a  very  powerful  influence  tending  to  make 
the  carbon  remain  in  the  combined  form ;  and  in  this  way 
sulphur  strongly  opposes  the  action  of  silicon.  It  may 
be  that  it  exerts  this  influence  by  a  part  of  it  being 
crystallized  with  the  carbon  in  the  carbide  and  making 
this  compound  Fe^C  more  stable.  It  may  be  even  that 
it  combines  with  some  of  the  silicon  that  is  so  crystallized 
into  a  compound  of  sulphur  and  silicon  and  so  directly 
neutralizes  the  effect  of  the  silicon. 

Hatfield  investigated  the  influence  of  sulphur,  man- 
ganese and  silicon  upon  the  precipitation  of  graphite,  and 
reported  that  the  silicon  is  present  to  a  certain  extent  in 
the  carbide,  but  mostly  in  the  matrix ;  the  manganese  is 
largely  found  in  the  carbide  to  the  exclusion  of  silicon, 
and  the  sulphur  also  appears  to  cause  the  exclusion  of 
the  silicon  from  the  carbide,  though  the  methods  em- 
ployed failed  to  find  any  sulphur  in  the  carbide.  Their 
heat  treatment  experiments  indicate  that  the  presence 
of  these  elements  modifying  the  composition  of  the  car- 
bide renders  it  more  or  less  difficult  to  dissociate  at  a 
given  temperature,  and  altering  the  composition  of  the 
alloy   renders  it  more  or  less  soluble  in  the  Austenite, 
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thus  changing  the  amount  of  free  carbide  to  be  acted 
on  by  any  inliuence.  It  seems  that  both  manganese  and 
sulphur,  each  separately,  tend  to  make  the  carbide  more 
stable,  but  that  to  a  certain  extent  they  may  each  neu- 
tralize the  effect  of  the  other  in  this  direction. 

Phosphorus  forms  the  compound  Fc^P,  and  this  alloys 
with  iron,  going  into  solid  solution  therein  with  limits, 
or  with  iron  and  carbon  forming  an  eutectic  of  very  fluid 
character  and  low  melting  point,  and  which  may  be  used 
when  very  fluid  irons  are  required  that  do  not  need  to 
have  great  strength.  These  iron,  carbon  phosphorus 
alloys  are  very  interesting.  Carbon  and  phosphorus  tend 
mutually  to  exclude  each  other  from  iron,  or  each  to 
lessen  the  amount  of  the  other  than  the  iron  can  take 
up.  Phosphorus  is  used  in  cast  iron  to  a  notable  extent 
only  in  cases  where  a  very  fluid  iron  is  needed  in  order 
to  flow  some  distance  in  a  thin  sheet  through  a  mold,  or 
when  an  iron  is  needed  which  will  expand  at  the  mo- 
ment of  solidification  and  so  All  the  mold  with  great  ex- 
actness even  in  its  finest  detail  as  in  some  art  castings. 
This  iron  with  high  phosphorus  is  very  brittle,  but  is  still 
strong  enough  for  many  uses. 

The  effect  of  silicon  can  be  explained  by  explaining 
its  effect  on  the  proximate  comjjosition  of  the  cast  iron. 
To  do  this  let  us  first  make  a  rough  statement  of  what 
the  metarals  in  cast  iron  are.  We  may  begin  with  the 
manganese  and  phosphorus.  Some  manganese  first  unites 
with  all  of  the  sulphur  present  to  form  MnS,  or  with 
some  iron  and  all  of  the  sulphur  to  form  mixtures  of 
MnS  and  FeS.  What  manganese  is  left  over  from  this 
is  divided,  part  of  it  forming  Mn^C  and  crystallizing  with 
the  FCjC  and  the  rest  going  into  solid  solution  in  the 
ferrite.  The  phosphorus  forms  FcaP  and  this  forms 
with  ferrite  an  eutectic  alloy ;  in  cast  iron  but  very  lit- 
tle phosphorus  remains  in  solid  solution  in  the  ferrite. 
The  carbon  is  present  as  pearlite,  or  jiearlite  and  cemen- 
tite,  and  grajjhite,  according  to  the  total  carbon,  and  the 
silicon  and  heat  treatment  to  which  the  metal  has  been 
subjected.  The  eff'ect  of  the  silicon  both  in  the  ferrite 
and  in  the  cementite  has  been  outlined  above. 

JMoldenke  and  West  and  others  have  made  experi- 
ments to  determine  the  relative  melting  temperature  of 
white  and  of  gray  iron,  and  showed  that  the  white  iron 
melts  at  a  lower  temperature  than  the  gray,  and  melts  in 
about  the  same  fashion  as  ice,  whereas  gray  iron  goes 
through  a  nmshy  stage  in  melting.  Irons  with  high  com- 
bined carbon  were  found  to  melt  at  about  1100  deg.  C, 
while  those  with  but  little  combined  carbon  and  mostly 
graphite  melted  at  about  1230  deg.  C.  Grey  iron  melted 
at  about  110  deg.  C.  lower  temperature  than  steel  with 
the  same  amount  of  combined  carbon.  These  facts  are 
of  obvious  interest  in  regard  to  the  arrangement  of 
charging  iron  of  various  kinds  in  a  cupola  furnace. 

The  shrinkage  of  cast  iron  is  the  contraction  of  the 
liquid  iron  in  cooling  from  the  pouring  temperature  to 
the  setting  point,  together  with  any  contraction  that  may 
occur  in  actual  setting  or  freezing.  In  other  words,  it  is 
the  amount  that  would  have  to  be  added  of  liquid  iron 
to  secure  a  thoroughly  sound  casting  after  the  mold  is 
first  just  filled.  The  difference  in  size  between  pattern 
and  finished  casting  is  properly  termed  contraction.  Most 
of  the  difference  between  different  irons  in  regard  to 
this  contraction  from  pattern  to  cold  casting  seems  to 
correspond  to  the  distribution  of  carbon  as  between  the 
combined  and  graphitic  forms.  \\'hen  all  or  nearly  all 
of  the  carbon  is  in  the  graphitic  form  the  contraction 
amounts  to  about  ^  in.  to  linear  foot ;  when  all  the  car- 
bon is  combined,  to  about  V^  in.  to  the  foot.    It  is  reason- 


able to  suppose,  therefore,  that  the  volume  occupied  by 
the  carbon  as  graphite  is  about  the  equivalent  of  Vji  in.  to 
the  foot.  In  actual  volume  this  works  out  about  as  fol- 
lows:  a  pattern  containing  100  cu.  in.  will  yield  a  gray 
iron  casting  containing  very  nearly  97  cu.  in.,  or  a  white 
iron  casting  of  94  cu.  in.  The  white  iron  casting  on  being 
well  annealed  will  expand  again  to  97  cu.  in. 

As  silicon  is  one  of  the  chief  agencies  by  which  the 
condition  of  the  carbon  may  be  controlled,  it  will  be 
seen  that  the  relationship  between  silicon  and  shrinkage 
and  contraction  are  very  close.  The  quantities  of  man- 
ganese and  sulphur  are  also  very  important.  It  is  inter- 
esting to  note  that  in  the  formation  of  graphite  the  in- 
crease of  bulk  must  take  place  against  the  resistance  of 
the  metal,  and  that  the  metal  is  actually  expanded  by  an 
amount  corresponding  to  the  increase.  Each  spot  of 
graphite  has  had  to  open  up  space  enough  for  itself  by 
stretching  the  iron  surrounding  it ;  and  it  is  probable 
that  this  pressure  is  one  of  the  large  factors  in  control 
of  carbon  condition  in  castings.  The  actual  working  of 
the  metal  matrix  thus  caused  is  very  slight,  and  takes 
place  at  a  high  enough  temperature  so  that  its  etTect  is 
overcome  by  self  annealing. 


PITTSBURGH  TO  ENTERTAIN  CHEMICAL 
SOCIETY 

Pittsburgh  will  be  the  host  of  the  American  Chem- 
ical Society  at  its  Annual  Fall  meeting,  from  Septem- 
ber 4th  to  September  9th,  inclusive.  All  of  the  di- 
visional meetings  will  be  held  at  the  Carnegie  Institute 
of  Technology,  while  the  general  meetings  are  sched- 
uled at  Carnegie  Music  Hall. 

An  exceptional  program  has  been  outlined  for  the 
entire  week,  with  a  variety  of  social  events  for  the 
Councillors  and  their  wives. 

Of  outstanding  importance  in  the  program  will  be 
an  address  by  Thomas  Alidgley,  Jr.,  of  the  General 
Motors  Research  Corporation  on  "Chemical  Control  of 
Gaseous  Detonation  w'ith  Particular  Reference  to  the 
Internal  Combustion  Engine."  Mr.  Midgley  will  be 
assisted  by  T.  A.  Boyd.  The  lecture  will  include 
demonstrations  of  normal  combustion  and  detonation 
in  glass  tubes,  the  suppression  of  detonation  by  the 
addition  of  certain  chemical  compounds,  and  demon- 
strations with  an  internal  combustion  engine  motor 
containing  quartz  windows  and  apparatus  for  meas- 
uring radiation.  The  motor  will  be  operated  on  de- 
tonating and  non-detonating  fuels.  Lantern  slides  will 
l)e  shown  illustrating  the  periodic  \ariation  of  anti- 
knock value  among  the  16  elements.  Blueprints  of  the 
paper  will  be  issued  at  the  meeting. 

"Pittsburgh  as  a  Chemical  Manufacturing  Center" 
is  the  subject  of  an  address  to  be  given  by  Dr.  J.  H. 
James,  Head  of  the  Department  of  Commercial  Engi- 
neering, and  Dr.  W.  F.  Riitman,  Head  of  the  Depart- 
ment of  Commercial  luigineering.  of  Carnegie  Insti- 
tute of  Technology.  Dr.  James  will  discuss  "Pitts- 
burghs'  Raw  ^laterials  and  ^Markets  for  Chemical 
Products."  Dr.  Rittman  will  speak  on  "Pittsburghs' 
Tr-nsportation  and  Financial  .\dvantages." 

By  special  arrangements,  the  Committee  of  the 
Pittsburgh  Section  of  the  A.  C.  S.  has  obtained  dormi- 
tory privileges  for  the  Councillors  at  Carnegie  Tech 
during  the  Meeting.  The  Men's  Dormitories  will  be 
opened  to  house  350.  One  of  the  \\"omen's  Dormi- 
tories has  been  oflfered  for  the  use  of  Councillor's  wives. 
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Heat  Transmission  in  the  Hot-Galvanizing 

Process 

Describing  the  Thermal  Features  of  the  Process — The  Rate  of 
Motion  of  the  Sheets  Through  the  Bath  Should  Vary  With  the 
Sheet  Thickness  If  Based  on  the  Factor  of  Heat  Transmission. 

By  J.  D.  KELLER 


ALTHOUGH  the  hot  galvanizing  of  iron  and  steel 
sheets  is  an  old  and  well-known  process,  very 
little  study  seems  to  have  been  given  to  the  con- 
ditions of  heat  transmission  occurring  in  it.  The  rates 
at  which  sheets  of  various  thicknesses  should  be  passed 
through  the  zinc  bath  have  had  to  be  determined  sim- 
ply by  trial  and  re-trial,  the  controlling  factors  being 
little  understood.  In  the  present  article  an  attempt 
will  be  made  to  make  clear  the  thermal  features  of  the 
process,  and  to  see  how,  if  based  on  the  important  fac- 
tor of  heat  transmission,  the  rate  of  motion  of  the  sheets 
through  the  bath  should  vary  with  the  sheet  thickness. 

And  first  it  will  be  well  to  consider  the  mechanical 
or  physical  actions  occurring  in  the  galvanizing  bath. 
Referring  to  the  diagrammatic  sketch.  Fig.  1,  the  steel 
sheet,  fresh  and  clean  from  the  pickling  process,  passes 
through  the  first  pair  of  rolls,  and  through  the  flux 
box   at    (A),   enters   the    molten   zinc    at    (B),    passes 
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Calvonizinq  Pot 
Fig.   1 — Diagrammatic  sketch  of  galvanizing  machine. 

through  the  bath  to  the  submerged  rolls  at  (C)  and 
thence  is  directed  by  the  guides  to  the  third  set  of 
rolls  at  (D).  By  them  it  is  drawn  out  and  sent  on  to 
the  conveyor.  Heat  must  not  be  imparted  to  the  bath 
from  the  bottom  of  the  pot,  because  the  dross  and  lead 
would  thereby  be  stirred  up  and  would  contaminate 
the  zinc.  Fire  spaces  are  provided  at  the  ends  of  the 
pot,  and  sometimes  also  at  the  sides. 

It  is  very  important  to  note  that  the  bath  is  con- 
tinually and  quite  violently  agitated  by  the  motion  of 
the  rollers,  and  of  the  gears  and  mechanism  which 
drive  them.  This  is  made  evident  by  the  "wash"  or 
churning  \\\y  of  the  bath,  near  (B)  in  particular.  The 
agitation   produces   most   excellent   heat   transmission 


through  the  molten  zinc  (b)'  means  of  convection  cur- 
rents), and  carries  the  heat  from  (E)  and  (F)  to  the 
sheets  with  very  little  drop  in  temperature.  It  also 
provides  for  thorough  mixing  of  the  different  portions 
of  the  molten  metal.  The  zinc  at  (H)  receives  no  heat 
during  the  time  in  which  a  sheet  is  passing  between  it 
and  surfaces  (E)  or  (F),  but  during  the  intervals  be- 
tween passages  of  the  separate  sheets,  its  supply  of 
heat  is  replenished  by  mixing  with  zinc  from  other 
parts  of  the  bath. 

At  some  point  in  the  passage  of  the  sheet,  the  rising 
temperature  of  its  surface  reaches  the  fusion  tempera- 
ture of  zinc,  and  the  formation  of  the  zinc-iron  alloy, 
which  cements  the  zinc  coating  to  the  sheet,  can  then 
begin.* 

From  the  theory  of  heat  conduction  it  is  known  that 
when  two  substances  are  in  very  perfect  contact,  no 
"temperature  drop"  should  occur  across  the  contact 
surface.  Careful  temperature  measurements  at  such 
contacts — for  instance,  the  contact  of  polished  flat 
metal  surfaces,  or  that  of  a  liquid  or  plastic  material 
with  a  solid, — have  shown  that  in  fact  no  temperature 
drop  exists  there.  Where  a  temperature  drop  appears 
to  exist,  this  in  realitv  means  a  steep  temperature 
gradient  in  a  layer  or  film  of  some  substance,  such  as 
air.  which  has  a  high  resistance  to  the  flow  of  heat. 

This  naturally  brings  up  the  question,  how  can  the 
liquid  zinc  come  in  contact  with  the  cold  steel  sur- 
face and  still  remain  molten?  The  answer  is  that  it 
does  not  do  so;  an  infinitesimally  thin  film  of  solid 
zinc  forms  instantly  on  the  surface  of  the  sheet;  the 
film  thickens,  at  first  very  quickly,  then  more  and  more 
slowly.  Finallv  it  reaches  a  maximum  thickness,  then 
starts  to  melt'oflf.  The  meltine  progresses  with  in- 
c-e.Tsins:  raniditv  until  the  solid  film  entirely^  disap- 
pears, and  the  liquid  zinc  comes  in  contact  with  the 
steel  surface. 

As  shown  in  the  diagram  of  Fig.  2  (in  which  thick- 
nesses are  much  exaggerated),  there  is.  first,  the  steel 
sheet  itself  (1)  ;  then  a  layer  of  solid  zinc  (2),  varymg 
in  thickness  as  time  goes  on :  next  a  layer  or  film  of 
more  or  less  staenant  liquid  zinc  (3")  ;  and  beyond  this 
the  main  bodv  (4)  of  the  zinc  bath,  in  violent  agitation. 

Just  here   it  must  he   remarked   that  between    (1") 

*Tt  is  stated  that  thp  zinc  powder  which  i=  used  in  the  dry 
iralvqnizinff  or  S'berardizin.Er  process  begins  alloyine  with  the 
steel  or  iron  surface  at  a  temneratnre  200.  d^e.  lower  than 
the  meltinsj  noint  of  zinc.  On  the  other  hand,  it  is  st^ited  that 
the  fusion  noint  of  the  zinc-ii-on  allov  formed  in  hot  !?al- 
vqnized  coatings  is  noticeahlv  hicrher  than  that  of  pure  zinc. 
Tn  any  cpse.  the  allovinp-  during  hot  salvanizine'  would  not 
heein  until  the  film  of  solid  zinc,  referred  to  further  on,  had 
disappeared. 
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and  (2)  there  may  possibly  exist  a  slight  film  of  flux : 
but  in  an}'  case  this  would  be  so  thin  that  the  heat 
transmission  would  be  very  little  affected.  Also,  it 
should  be  mentioned  that  when  the  sheet  enters  at 
(A),  Fig.  1,  there  is  a  thin  film  of  water  adhering  to 
its  sides.  Any  part  of  this  water  which  is  not  absorbed 
by  the  flux  between  (A)  and  (B)  will  be  evaporated 
shorth'  after  entering  the  zinc  bath. 

The  film  (v3)  of  Fig.  2  is  not  to  be  considered  as  a 
sharply  defined  layer.  As  the  steel  sheet  with  its  ad- 
hering layer  of  solid  zinc  passes  rapidly  through  the 
bath,  it  drags  some  of  the  liquid  along  with  it.  Thus 
the  particles  near  surface  (5)  have  very  little  motion 
relative  to  the  sheet.  From  (5)  to  (6)  the  relative 
speed  of  motion  rapidly  increases.  Rate  of  heat  trans- 
mission is  greatly  influenced  by  the  rapidity  of  this 
relative  motion. 

Permissible  Speed  of  Travel  of  Sheets  Through  Bath. 

As  will  be  shown  in  the  second  part  of  this  article. 
the  heat  distribution  in  thin  sheets  is  so  nearly  uniform 
throughout,  at  the  instant  when  the  solid  zinc  has  just 
disappeared,  that  the  center  can  never  be  as  much  as 
one-half  degree  below  the  surface  temperature ;  prob- 
ably  it   will   be   only   a   few   tenths    degree   below   it. 


^   I      Surface  at  which 
f^  I     Solid i-fication  Occurs 


Fig.  2 — Conditions  during  galvanizing. 

This  conclusion  makes  the  calculation  of  heating  time 
a  very  simple  matter.  Taking  the  temperature  of  the 
sheet  as  constant  throughout  would  mean  an  error 
of  less  than  1/20  per  cent.  The  heat  absorbed  by  the 
sheet,  from  the  starting  time  until  the  solid  film  has 
disappeared,  is  w,  .  c^  (T,,,  —  T,,)  .  2X,  per  square 
foot  of  sheet. 

„      .         .  w,  .  c,  (T,,  -  T,3)   .2X 

Heatmg  time  = 

2k.  (T„  -T,,) 

where  vv,  is  density  of  the  steel  =  488  pounds  per 
cu.  ft. ;  Cj  is  specific  heat  of  the  steel,  for  the  tempera- 
ture range  from  60.  to  786.  deg.  F.,  =  0.133 :  T„  =  850.. 
T,,  =  786.,  and  T„  =  60.  deg.  F.,  see  Fig.  2:  X  is 
one-half  the  thickness  of  the  sheet,  ft.,  and  k  is  heat 
transmission  coefficient,  Btu  per  sq.  ft.,  hour  and  deg. 
F.  For  No.  24  gage  sheets  and  for  k  =  4O0.,  time^= 
0.00192  hour  =  6.9  seconds. 

Taking  the  length  of  path  through  the  molten  zinc 
as  5.8  ft.,  and  the  speed  for  No.  24  gage  sheets  as  35  ft. 


per  minute,  the  time  during  which  each  portion  of  the 
sheet  is  passing  through  the  bath  is  10.  seconds.  From 
the  previous  figures,  the  time  required  for  the  surface 
him  of  spelter  to  melt  off  is  6.9  sec,  if  k  is  400  Btu 
])er  sq.  ft.,  hour,  deg.  F.  The  corresponding  distance 
nf  travel  is  4.0  ft.  During  the  remainder  of  the  time, 
the  sheet  is  heated  above  the  zinc  fusion  temperature. 
The  time  during  which  the  alloying  action  can  take 
place  is  much  longer  than  this,  because  the  zinc  coat- 
ing remains  liquid  after  the  sheet  has  left  the  bath. 
until  all  of  the  latent  heat  has  been  emitted  to  the 
surrounding  air.  The  solidification  of  the  coating  re- 
quires appreciable  time,  since  the  rate  of  emission  to 
the  air  averages  only  about  4.  Btu  per  sq.  ft.,  hr.,  deg.  F. 
If  the  rate  of  heat  transfer  in  the  bath  were  con- 
stant, the  time  required  would  be  directly  proportional 
to  the  thickness  of  the  sheet,  and  the  speed  of  travel 
would  be  inversel}'  proportional  to  the  thickness.  But 
k  varies  markedly  with  speed  of  motion  of  the  sheet 
relative  to  the  liquid.  No  test  results  are  available 
for  the  heat  transmission  coefficient  from  liquid  zinc, 
but  when  the  coefficient  is  estimated  from  operating 
data,  it  appears  that  at  the  speed  of  35.  ft.  per  min. 
k  is  about  400.,  while  for  hand  dipping  (very  small 
velocity),  k  seems  to  be  about  80.  Btu  per  sq.  ft.,  hour 
and  deg.  F.  By  analogy  with  heat  transmission  from 
gases  or  other  fluids  to  metal  walls,  k  should  increase 
in  direct  proportion  to  the  speed  of  motion,  varying 
about  as  shown  by  the  expression 

K  =  80.  -f  9.  V 

where  v  is  velocity  of  motion  of  the  sheet  through  the 
bath,  ft./min. 

Now  if  sheets  of  different  thicknesses  are  galvan- 
ized in  a  given  size  of  pot,  and  if  the  solid  zinc  layer 
is  to  be  melted  off  in  the  same  distance  of  travel,  the 
following  relations  would  hold  true: 

density  X  sp.  heat  X  temp,  rise  X  thickness 


488 

area 
2 


X     0.133     X        726         X       b/12     = 
temp.  diff'.   X    coefficient   X   time 
X  64  X(80  +  9.V)X      t 

4.0  ft. 


t  = 


hours. 


V  = 


8.80 


50.  b  —  1 


60.  V 

b  >  0.020 


(1) 


The  speeds  corresponding  to  various  gages  and 
thicknesses,  calculated  from  equation  (1),  are  shown 
in  the  following  tabulation  : 


Greatest 

Time  for  surface 

permissible 

to  reach  galvan- 

Thickness. 

speed  of  travel, 

izing-  temperature 

Gage. 

inches. 

feet  per  minute. 

seconds. 

24 

0.025 

35.0 

6.9 

22 

0.0312 

15.6 

16. 

20 

0.0375 

10.0 

24. 

18 

0.050 

5.9 

41. 

16 

0.0625 

4.1 

60. 

For  sheets  thinner  than  0.02  inch,  the  velocity 
would  be  limited  by  other  than  thermal  considerations. 

As  previously  stated,  the  data  on  rate  of  heat  trans- 
fer from  the  zinc  bath  are  extremel}'  incomplete.  In 
the  absence  of  reliable  test  results,  the  coefficients 
given  are  the  best  available. 

If  the  rate  of  heat  transfer  were  the  only  factor 
to  be  considered,  it  could  be  increased  by  maintaining 
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a  hotter  bath  and  greater  temperature  difference ;  al- 
though, as  zinc  vaporizes  at  about  930.  deg.  F.,  the 
gain  in  this  direction  is  sharply  limited.  But  in  any 
case,  there  is  a  factor  of  even  greater  importance  than 
speed  of  galvanizing,  namely  the  production  of  a  coat- 
ing of  just  the  right  thickness.  The  latter  depends 
very  largely  upon  the  viscosity  of  the  liquid,  and  upon 
the  speed  at  which  the  sheet  is  drawn  out  of  the  bath. 
Definite  figures  as  to  viscosity  of  liquid  zinc  or  its 
variation  with  temperature  are  not  obtainable,  but  be- 
yond question  it,  in  common  with  mercury  and  most 
other  liquids,  becomes  less  viscous  as  the  tempera- 
ture is  increased.  In  other  words,  raising  the  tempera- 
ture of  the  bath  tends  to  produce  a  thinner  coating. 
On  the  contrary,  increasing  the  speed  tends  to  give  a 
thicker  coating,  for  two  reasons:  First,  the  shearing 
forces  acting  to  thin  down  the  liquid  zinc  film  on  the 
sheet,  as  it  leaves  the  bath,  are  practically  constant  in 
magnitude,  whereas  the  time  interval  in  which  they 
can  act.  decreases  as  the  speed  is  raised.  This  effect, 
which  is  well  known  in  galvanizing  practice,  can  be 
demonstrated  very  clearly  by  simple  and  even  crude 
experiments  with  other  viscous  liquids  such  as  syrup 
or  heavy  oils.  Second,  the  determining  viscosity  is 
not  that  of  the  main  body  of  the  bath,  but  that  of  the 
liquid  very  near  to  the  sheet  surface.  After  the  solid 
film  has  melted  off,  as  previously  described,  the  tem- 
perature of  the  sheet,  and  of  the  zinc  in  immediate 
contact  with  it,   steadily  approaches  that  of  the  main 


body  of  the  bath.  But  if  the  sheet  is  relatively  thick 
and  the  velocity  high,  the  temperature  may  not  have 
risen  much  above  the  fusion  point  by  the  time  the 
sheet  reaches  the  exit  rolls  (D),  Fig.  1.  Thus,  in  spite 
of  the  high  temperature  of  the  bath,  the  zinc  near  the 
sheet  surface,  when  drawn  into  these  rolls,  may  be 
quite  viscous,  producing  a  thick  coating. 

The  thickness  can  be  varied  independently  by  other 
means.  Increasing  the  pressure  exerted  by  the  rolls 
(D)  on  the  sheet,  or  rather  on  the  liquid  film  which  is 
carried  between  the  rolls  by  viscous  drag,  thins  the 
coating.  By  providing  grooves  which  carry  a  small 
quantity  of  the  liquid  up  between  the  rolls  to  the  space 
(K),  Fig.  1,  the  thickness  of  coating  is  increased,  to 
an  extent  depending  upon  the  size  of  grooves  and 
quantity  of  liquid  which  they  transfer. 

In  spite  of  these  other  means  of  control,  viscosity 
and  therefore  temperature  plays  an  important  part, 
especially  in  coating  the  thicker  gases.  For  instance, 
if  No.  18  gr.  sheet  is  passed  through  the  bath  at  15 
ft.  per  minute,  it  will  have  reached  the  fusion  point  of 
zinc  only  a  few  inches  below  rolls  (D).  The  zinc  film 
on  its  surface  will  be  only  slightly  hotter,  correspond- 
ing to  the  steep  part  of  the  temperature-viscosity  curve, 
where  a  few  degrees  change  makes  a  tremendous  dif- 
ference in  the  viscosity.  Under  such  conditions,  uni- 
form  thickness   of  coating  could   not   be    maintained. 


Sheet  Steel  Rolling  and  Heating 

Discussion  Written  on  "Possibility  of  Improved  Methods  of  Roll- 
ing Sheet  Steel,"  Which  Appeared  in  a  Recent  Issue  of  The  Blast 
Furnace  and  Steel  Plant. 

By  EVAN  LLEWELLEN 


THE  technique  of  the  art,  like  the  early  history  of 
iron  making,  being  involved  in  more  or  less  ob- 
scurity, the  writer,  with  an  experience  of  40  years 
and  through  a  close  association  with  the  older  ones  pos- 
sessing an  intimate  knowledge  of  what  transpired  dur- 
ing a  few  years  prior  to  that,  wishes  to  offer  a  few  re- 
marks in  answer  to  Mr.  Sumner  B.  Ely's  candid  acknowl- 
edgement that  but  little  is  known  about  the  work,  as 
appeared  in  The  Bl.vst  Furnace  and  Steel  Plant 
magazine,  where  he  discussed  the  "Possibility  of  Im- 
proved Methods  of  Rolling  Sheet  Steel,"  leaving  it  to 
the  judgment  of  Mr.  Ely  and  others  as  to  whether  this 
will  or  will  not  add  to  the  difficulties  of  the  continuous 
method  of  rolling  light  gauge  sheets. 

It  is  common  today  to  smile  when  w^e  hear  about  the 
seven  to  10-ton  housings,  the  20-inch  rolls  and  the  old 
steamboat  engines  used  to  pull  such  mills,  but  it  is  un- 
wise to  imagine  that  any  crudeness  existed  in  the  rolling 
and  heating  of  that  period,  for  a  very  fine  product  was 
being  turned  out  in  black,  galvanized  and  high  finished 
sheets,  so  that  in  point  of  quality  we  have  progressed  lit- 
tle if  any  in  the  last  50  years  at  least. 

Great  progress  has  been  made  in  the  way  of  increas- 
ing the  weight  of  the  housings  and  the  diameter  of  the 
rolls  in  order  to  meet  the  demand  for  increased  output, 


in  the  strength  of  the  machinery  enabling  the  workmen 
to  dispense  with  almost  half  the  number  of  passes  for- 
merly used  in  drawing  the  sheets  out  to  the  required 
lengths,  especially  with  steel  of  a  composition  calculated 
to  stand  a  rather  high  heating  temperature,  carbon  and 
phosphorus  being  used  in  the  right  proportions  for  this 
purpose,  and  to  prevent  welding  together  of  the  sheets 
while  being  rolled  in  packs. 

However,  in  order  that  the  operation  will  be  success- 
ful, a  uniformity  of  heating  must  obtain  so  that  all  of 
the  sheets  will  draw  out  alike,  thus  not  breaking  up  the 
thin  coating  of  magnetic  oxide  formed  by  the  initial  heat- 
ing and  rolling  and  which  is  firmly  adherent  to  the  sheet ; 
for  the  sheets  will  weld  together  where  the  bare  metal 
surfaces  meet ;  but  the  fact  that  a  high  temperature  can 
be  used  better  guarantees  a  balanced  furnace  temperature. 

But  it  is  the  same  with  light  sheets  as  with  any  other 
steel  or  iron  product — the  higher  the  heating  and  finish- 
ing temperature  and  the  smaller  the  amount  of  working 
which  the  steel  receives  the  larger  will  be  the  grain  size, 
so  that  while  this  ma}-  secure  a  larger  production  the 
sheets  are  of  indifferent  quality,  though  suitable  for  many 
purposes. 

Along  with  such  a  product  there  is  a  growing  demand 
for  smooth  surfaced  sheets  calculated  to  stand  stamping 
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into  ;ill  conceivable  shapes,  necessitating  a  composition 
that  is  almost  free  from  hardening  elements.  Thus,  in- 
sofar as  heating  requirements  are  concerned,  we  arc  get- 
ting back  to  the  days  of  refined  iron  which  required  a 
very  low-  heating  temperature. 

Contrary  to  present-da\-  opinion  of  sheet  workers, 
the  rolling,  and  particularly  the  heating  of  sheets,  had 
been  reduced  to  a  fine  art  by  that  time,  the  intricacies  of 
the  methotl  bcmg  kept  shrouded  in  an  air  of  mystery 
with  the  tendency  for  the  jobs  to  descend  from  father 
to  son  or  some  favored  friend,  thus  retarding  the  ad- 
vancement of  other  and  perhaps  more  progressive  young 
men.  In  the  accomplishment  of  its  purpose  this  attitude 
was  necessarily  short  lived,  since  any  bright  man  had 
but  to  copy  the  tactics  employed  in  manipulating  the  fire, 
there  being  no  necessity  for  him  to  understand  the  chem- 
istry involved  in  the  process  of  gas-firing,  which  was  the 
method  employed  when  burning  coal. 

Because  of  its  large  heating  chamber  the  sheet  fur- 
nace is  peculiarly  adapted  to  this  method  of  firing  when 
a  very  low  temperature  is  desired,  the  upper  portion  act- 
ing as  a  holder  in  which  the  gases  become  thoroughly 
mixed,  leaving  ample  room  below  for  combustion.  This 
makes  for  a  balanced  temperature,  and  the  atmosphere 
must  not  be  confounded  with  that  of  a  muffled  furnace, 
for  while  the  damper  is  raised  there  is  a  well  regulated 
flow  of  air  up  through  the  fire,  the  raising  or  lowering 
of  the  damper  making  the  possibilities  of  control  quite 
definite  and  ea.sy. 

Great  importance  was  attached  to  the  compactness  of 
the  fuel  bed,  the  idea  being  to  avoid  any  local  high  tem- 
perature and  the  letting  in  of  free  oxygen  (together  with 
undecompo.sed  carbon  dioxide)  which  condition  not  only 
unbalances  the  temperature,  but  destroys  the  mildness  of 
the  furnace  atmosphere. 

Considerable  open-furnace  annealing  was  practiced  in 
the  earl\-  days,  necessitating  a  strict  avoidance  of  any 
oxidizing  elements  coming  in  touch  with  the  metal.  In 
fact,  oxidizing  elements  have  no  place  in  the  sheet-furnace 
at  any  time  since  oxygen  with  carbon  dioxide  freely 
enters  between  the  sheets  while  they  are  as  yet  cold  and 
just  as  soon  as  the  bundle  or  pack  of  sheets  begins  to 
absorl)  heat  the  carbon  dioxide,  in  the  writers'  opinion, 
decomjjoses  into  its  constituent  parts  and  the  ox\gen 
combines  with  the  metal  in  the  formation  of  a  loose 
spongy  scale  which  emits  a  smouldering  gas.  This  chemi- 
cal reaction  .seems  to  be  exothermic  and  effervescent,  its 
intensity  depending  upon  the  temperature  of  the  pack 
and  the  friction  of  rolling  as  is  evidenced  by  the  varia- 
tions in  the  expansion  of  the  enclosed  gas  in  causing 
separation  of  the  sheets  and  the  appearance  of  the  scale 
upon  the  interior  surfaces  of  the  sheets  after  rolling. 

Steel  expands  with  heating,  leaving  the  pores  open 
to  absorb  deleterious  gases  with  the  usual  hardening 
effect  noticeable  with  light  sheets  in  that  they  do  not  set- 
tle together  in  proper  cohesion  necessary  to  exclude  the 
but  partially  burned  gases  with  which  the  heater  sur- 
rounds the  packs  in  an  attempt  at  soaking  shortly  be- 
fore finishing,  therefore  the  old  Welsh  trick  of  checking 
further  calorific  power  by  dropping  the  damper  and  al- 
lowing the  absorbed  heat  to  become  thoroughly  diiTused 
throughout  the  pack  is  not  practical  in  an  oxidizing  at- 
mosphere, and  anneahng  is  entirely  out  of  the  question. 

With  the  introduction  of  natural  gas  into  the  mills 
of  the  Pittsburgh  district  many  years  ago,  many  and 
varied  types  of  combustion  chambers  were  brought  out. 
Only  one  of  these  proved  to  be  the  acme  of  perfection 
in   the   production   of   a   continuous   and    unfailing   non- 


o.xidizing  atmosphere,  but  the  principles  underlying  the 
method  of  operation  were  not  generally  understood  and 
so  it  was  not  picked  out  and  standardized. 

The  present  standards  of  rear  chamber  construction 
and  operation  seem  to  be  at  variance  with  these  older 
ideas  insofar  as  the  volume,  temperature  and  comjwsi- 
tion  of  the  gases  are  concerned  and  the  point  in  the  fur- 
nace where  the  actual  combustion  takes  place.  As  to  the 
different  fuels  used,  their  relationship  is  fixed  by  physi- 
cal law  so  that  all  failures  can  be  ascribed  to  a  non- 
observance  of  these  simple  scientific  facts  which  the  early 
Welshmen  tried  to  conceal  from  the  Yankee.  It  is  evi- 
dent that  these  principles  had  been  thoroughly  and  scien- 
tifically analyzed  before  the  business  was  introduced  into 
this  countrv. 


ELEVENTH  ANNUAL  SAFETY  CONGRESS 

The  program  of  the  Eleventh  Annual  Safety  Con- 
gress of  the  National  Safety  Council  at  Detroit,  August 
28  to  September  1  is  now  complete.  On  July  15,  a 
printed  copy  of  the  entire  week's  session^,  together 
with  a  formal  invitation  from  the  Detroit  Safety  Coun- 
cil and  supplemented  by  a  personal  letter  from  Presi- 
dent Arthur  H.  Young,  calling  attention  to  the  points 
of  greatest  interest  during  the  five-day  program  will 
be  sent  to  15,000  executives  and  safety  men  represent- 
ing supervision  over  six  million  and  more  workers  in 
the  LTnited  States  and  Canada. 

Indications  now  are  that  the  1922  Safety  Conven- 
tion will  be  the  largest  and  most  complete  in  the  his- 
tory of  the  National  Safety  Council.  Never  before  in 
the  history  of  the  organization  has  response  to  invita- 
tions to  participate  in  the  Annual  Safety  Congress  been 
so  spontaneous.  Public  officials,  industrial  executives, 
well  known  authorities  in  research,  science  and  edu- 
cation, have  volunteered  to  appear  on  the  programs  to 
do  their  bit  for  national  safety. 

The  first  day's  program  may  be  taken  as  a  criterion 
for  the  quality  of  each  and  ever)-  meeting  during  the 
week.  On  this  day  a  short  business  meeting  will  pre- 
cede, in  the  morning,  talks  by  Edgar  A.  Guest  of  the 
Detroit  Free  Press,  Judge  C.  L.  Bartlett  of  the  Detroit 
Court  of  Records,  and  an  address  of  welcome  by  Presi- 
dent Samuel  C.  Mumford  of  the  Detroit  Safety  Council, 
and  others.  In  the  afternoon  Dr.  John  Wesley  Hill, 
Chancellor,  Lincoln  Memorial  University  and  author 
of  "Abraham  Lincoln— Man  of  God,"  R.  M.  Little,  Di- 
rector of  Rehabilitation,  New  York  State  Department 
of  Education;  A.  H.  Lichty,  \'ice-President,  the  Colo- 
rado Fuel  &  Iron  Company  and  Dr.  J.  J.  Tigert,  Com- 
missioner of  the  U.  S.  Bureau  of  Education,  will  speak 
on  four  important  aspects  of  national  safety — Educa- 
tional, industrial,  jniblic,  and  national  safety.  A  fea- 
ture of  this  ])rogram  will  be  an  excellent  presentation 
dramatizing  the  subject  suggested  by  a  recent  Council 
bulletin  entitled  "Was  Daddy  Hurt  'Much?" 

Complete  discussion  of  the  various  phases  of  in- 
dustrial and  ])ublic  safety  will  be  had  at  the  meetings 
of  the  twenty  different  sections  into  which  the  Coun- 
cil's activities  are  dixided.  These  meetings  will  cover 
safety  problems  in  the  automotive,  cement,  chemical, 
construction,  metals,  paper  and  pulp,  packers  and  tan- 
ners, rubber,  textile,  woodworking,  electric  railway, 
public  utilities,  steam  railroads,  mining,  public  safety, 
educational,  engineering,  drop  forge,  health  service  and 
women  in  industrv  divisions. 
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Centrifugal  Casting 

Giving  the  Benefits  of  Making  Centrifugal  Castings  in  Vertical 
Molds  Rather  Than  in  Horizontal  Molds  As  Is  Customary — 
Theoretical  Calculations  Necessary  for  Method  Are  Given. 

By  N.  LILIENBERG* 


A  J. THOUGH  the  casting  of  metals  hollow  by  cen- 
trifugal force  in  rotating  molds  has  been  practiced 
a  long  time  in  a  limited  scale  it  is  only  within  the 
latest  years  that  it  has  developed  into  important  pro- 
duction. The  object  is  well  known  to  be  saving  of 
expense,  avoiding  casting  over  core  and  obtaining 
liquid  compression. 

The  cores  are  especially  objectionable  in  casting 
low  carbon  steel  which  shrinks  about  the  double  of 
cast  iron  or  semisteel  and  therefore  is  liable  to  produce 
surface  cracks. 

The  compression  by  centrifugal  force  can  be  in- 
creased be3-ond  the  strength  of  material  evidenced  by 
the  occasional  bursting  of  heavy  rims  of  flywheels  and 
by  the  especially  strong  steel  needed  for  milk-separa- 
tors. 

m  .  V" 
The   centrifugal    force   is:     C   ^   — ,   in    which 


m   =   the  mass   =  — ,  \v  =   the   weight,  g  =   the  ac- 
g 

celeration  of  gravity  =  32.2',  r  =;  the  radius,  v  =;  the 

'!'■    r  .  n 


circumferential  veIocit\-   = 


n 


numher 


of 


30 


re\'()hitit)ns  ])er  minute.  '^  =  3.1415. 

If  one  cubic  inch  of  steel  weight  about  0.26  lbs.  is 
rotated  on  a  radius  of  6  in.  at  500  revolutions  per 
minute  : 


0.26  ■JT .  500  .  0.50- 

C  -  X  - 


32.2 


0.50 


Ib.-^ 


and  if  the  speed  is  increased  to  1,000  rpm  the  strain 
on  the  tie  to  the  center  will  be  44  lbs.  exerted  by  only 
1  cubic  inch. 

As  far  as  I  know  centrifugal  castings  in  quantities 
have  been  made  only  in  horizontal  molds.  It  is  more 
simple  in  operation  and  construction  to  cast  in  vertical 
molds  whereof  I  have  been  convinced  by  experiments 
and  calculations. 

It  is  in  order  to  first  give  the  theoretical  calcula- 
tions, 

1.     The  Centrifugal  Parabola. 

That  a  rotating  liquid  forms  a  hollow,  shaped  as  a 
paraboloid,  can  be  demonstrated  as  follows :  In  Fig. 
1  the  letters  represent  the  above  named  quantities  and 
in  addition  dY  =  the  differential  of  Y  and  dX  =  that 
of  X. 


*The  author  is  a  consulting  engineer  on  the  manufacture 
of  centrifugal  steel  castings,  located  at  283  Rochelle  .Ave.. 
Philadelphia,  Pa. 


C 


.  X' .  w 


g  .  30=  X 

For  convenience  I  call  K  : 
C  =  K  .  n-  .  X  .  w 


30^' 


As  the  liquid  places  itself  at  90  degrees  towards  the 
resultant  of  the  centrifugal  force  and  the  weight  of 
each  particle 

C  .  tang  a  =  w  :  .  K  .  n=  .  X  .  tang  a  .  w  =  w  ; 


The  tangent  of  the  curve  forms  the  sarne  angle  a 
with  the  vertical  : 

dY  .  tang  a  ^  dX  ;  tang  a  ^ ;  K  .  n 


dY 


X.^=l. 


By  integration  : 
K  .  n=   ('  X  .  dX 


CdY: 


K.n= 


dY 


X=  =  Y, 


which  is  the  equation  of  a  parabola. 

Fig.  2  shows  how  rapidly  the  length  of  the  para- 
bola increases  with  the  speed  forming  practically 
straight  lines  with  small  dift'erences  in  diameters  in 
the  part  cut  oft"  in  the  mold. 

2.     Calculating   the    Volume   of    the    Liquid    and    the 
Speed,  to  Produce  Determined  Results.    Fig.  3. 

The  volume  of  a  paraboloid  is  3^  of  the  circum- 
scribed cylinder. 

It  is  evident  that  the  volumes  excavated  below  the 
line  of  rest,  and  raised  aboxe  it  as  indicated  l)y  the 
shaded  parts  in  Fig,  3  shall  be  equal  that  is  :  \',  =  V,,,, 
which  means 

>^  .  ^  .  X=  .  Y,  =  ^  .  r=  .  Y„  -  V.„ 

■rr  r=  .  Y„,  _  >/  .  ^  .  r=  .  (Y„  +  Y  j 
+  3/2  .  ^  .  X=  \\ 
%  r--'  (Y„  +  Y,)  =  r=  .  Y„:  /,  .  (Y„  +  Y, )  =  Y„  : 
Y     —   Y 
'I'll';-  lengtii  of  the  ])araboloid  is: 
Y  =  3^  .  K  .  n=  r- 

l-'or  a  6  in.  mold  r  ^  0.25'. 

With  n  =     100:     Y  =  0.106' 

n  =     250:     Y  =  0.66 

n   =     500;     Y  =  2.65 

n  =     750:     Y  =  5.95 

n   =   1000:     Y  =  10.60  feet. 

I  call  the  line  to  which  the  liquid  rises  without  ro- 
tation the  line  of  rest.     As  it  has  been  demonstrated 
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that  this  line  divides  the  length  of  the  paraboloid  in 
two  equal  parts 

i^   .  K  .  n=  .  r=  =   Y 
i^  .  K  .  n-'  .  X-  =  yi  .Y 

X  =  V'W-  1"  =  0-707  .  r 

All  the  parabolas,  independently  of  speed  there- 
fore intersect  the  line  of  rest  at  a  constant  distance 
from  the  center. 

This  as  well  as  the  equal  division  of  the  length 
hold  good  as  long  as  the  apex  stays  inside  of  the  mold. 

The  speed  at  which  the  apex  touches  the  bottom 
of  the  mold  can  be  calculated  as  follows,  Fig.  3 : 

J--  77"- 

lA  .  K  .  n-  .  h  :  K  = 


.W 


n  =  108.75  .  VTT 


\\  hen  the  speed  is  increased  beyond  the  last  named 
limit,  an  imaginary  paraboloid  forms  below  the  bot- 
tom of  the  mold,  Fig.  4.  The  line  of  rest  then  no 
longer   divides   the   length  of   the  parabola   in   halves. 

V       =  volume  poured  in  the  mold. 
V,     =  the  trunkated  paraboloid. 
Vji    =  cavity  over  line  of  rest. 

Vjji  =  volume  of  liquid  raised  above  line  of  rest. 
V,v    =  volume  of  imaginary  paraboloid  below  the 
bottom. 

Vn  +  \\  +  V,v  =  y2'^  .  r^-  (Y,,  +  h  +  Y,v) 

\\  =  v„  =  /.  V 

\'  =  -n  .  T-  .  h; 
\\,  =  y2  .^  .  X\  .  Y., ; 
Y,y  =  y2  .K  .  IV  .  \\ 

^^l  +  j/S  V  +  >^  '^  ■  r  (1^  +  Y,v)  — 

i^  V  =  Yz-^  v'  CY,,  +  h  +  Y,v), 

V„  =  ^  .  r=  .  Y„  -  >4  V  ; 

Y„    -f   h   +   Y^v  =   /2   K  .   n-^   .   r--': 

Yjv  =  J'^  K  .  n-  X,v 

K  = 


30'^ 
F'rom  these  equations  is  obtained : 

4  .  r= .  h 

=    (X%  -  r=)=; 


K.n= 


/• 


4  .  r'- .  h 


=  X=,  —  r=: 


K.n^ 
/4  .  r= .  h 


A 


=  x^ 


/ 


2.30 


V 


yh 


X,  =  V  '^' 


108.75  .  — 
n 


y-h 


This  gi\  es  the  radius  uf  the  opening  at  the  bottom 
of  the  mold  =  X,.  If  X,  =  0.  that  is  if  the  apex  just 
touches  the  bottom 


108.75 


V  h :  n  =  108.75  .    V   h 


which  is  the  same  as  the  above  given  formula. 

F'or  a  6  in.  mold,  r  =  0.25'  and  if  then  h  =  V, 
n  =^  750,  the  radius  of  the  opening  at  the  bottom  will 
be  Xi  =  0.165,  =  about  2"  and  the  thickness  of  the 
casting  about  1  inch. 

To  produce  a  bottom  wall  thickness  of  J/2  in.  the 
speed  would  have  to  be  n  =  1,288.  If  h  =:  0.50',  n  = 
750,  r  —  0.25',  X  =  0.1,936'  and  the  bottom  wall  thick- 
ness =  0.055'  =  0.67". 

When  r-  gets  smaller  than  108.75  .     r     .  \''   h,  the 


proposition  of  course  becomes  absurd. 

If  the  rising  liquid  strikes  the  cover  of  the  mold, 
a  pressure  is  exerted  equal  to  the  weight  of  the  top 
part  thereby  cut  off  and  in  addition  the  upward  pres- 
sure of  the  same  part  which  turned  down  gives  ad- 
ditional thickness  to  the  walls.  All  of  this  can  be 
calculated  with  the  above  named  formulas.  But  the 
deductions  are  somewhat  lengthy  to  appear  in  this 
article. 

The  strength  of  the  mold  to  resist  the  pressure  can 
of  course  be  ascertained  by  calculations  which  are  too 
well  known  to  be  here  repeated.  With  the  compara- 
tively moderate  speeds  used  in  this  process,  there  is 
usually  no  cause  for  adding  any  extra  strength  to  the 
parts  in  operation. 

3.     Casting  Apparatus.    Fig.  5. 

The  frame  is  made  of  two  standing  round  bars  of 
cold  rolled  steel  the  lower  ends  being  fixed  in  a  cast- 
iron  bottom  plate,  the  upper  ends  entering  through  a 
cast  iron  cross  piece.  The  bed  plate  is  securely  bolted 
to  a  solid  foundation  and  the  upper  cross  piece  is  held 
by  stay  bolts  anchored  to  the  walls  of  the  building. 
The  frame  must  be  rigid  as  the  slightest  vibrations 
make  the  castings  defective.  A  moving  shaft  is  stand- 
ing in  the  bottom  plate  with  end  thrust  on  ball  bear- 
ings. The  pulley  on  the  shaft  is  adjusted  according  to 
the  motor. 

As  one  motor  may  drive  several  machines  it  is  well 
to  have  also  one  idle  pulley  so  that  each  machine  can 
be  stopped  separately.  The  upper  end  of  the  shaft 
moves  in  a  bearing  inserted  in  the  cross  piece.  This 
as  well  as  the  to])  cross  piece  are  held  in  place  by 
tubes  out  to  proper  lengths  and  pulled  over  the  bolts. 
^^'hen  the  nuts  on  the  top  are  tightened  the  frame  is 
rigid.  The  upper  end  of  the  driving  shaft  carries  a 
disk  of  diameter  suitable  for  the  mold  and  provided 
with  two  projecting  sectors  forming  a  driving  clutch. 

The  cover  of  the  mold  has  a  hole  th'ough  which 
the  spout  for  the  pouring  enters.  This  spout  which 
holds  the  mold  in  position  is  fixed  in  a  cross  piece  made 
to  slide  on  the  tubes  surrounding  the  frame  bolts.  The 
strain    on    this    spout     is    small    because    the    mold 
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straightens  up  automatically  following  the  laws  of 
gyration  which  makes  a  spinning  top  stand  upright 
without  support.  The  cross  piece  containing  the  spout 
and  funnel  for  casting  is  connected  by  rods  to  a  hy- 
draulic plunger  in  a  cylinder  placed  on  the  top.  When 
the  casting  is  finished  the  spout  is  lifted  up  above  the 
mold.  This  is  thus  free  to  be  removed  as  it  is  stand- 
ing loose  on  the  rotating  platform  with  only  the  top 
of   the  driving  shaft   inserted   in   the  center.     .Another 


mold  standing  close  by  is  then  put  in  its  place.  This 
operation  only  takes  a  few  seconds.  The  mold  will 
have  to  be  perfectly  centered  because  the  least  vibra- 
tions cause  the  walls  of  the  casting  to  be  uneven  in 
thickness. 

The  casting  can  be  released  from  the  mold : 

1.  By  making  the  mold  divided  lengthwise  clamped 
together  so  that  it  can  be  opened  quickly.  But  it  is 
not  always  possible  to  prevent  fins  forming  in  the 
joints.  It  can  therefore  not  be  used  in  cases  where 
those  fins  are  objectionable  in  further  working. 

2.  B}'  having  the  bottom  and  the  cover  loose  and 
fixed  to  the  mold  by  bolt  clamps,  in  such  a  way  that 
they  can  be  easily  detached.  The  mold  is  then  rolled 
into  a  stripper,  which  forces  out  the  casting  by  hy- 
draulic. 


.1  By  the  driving  shaft  entering  the  bottom  of  the 
mold  and  being  attached  to  a  movable  inside  bottom. 
While  the  mold  is  held  down  the  shaft  with  the  bottom 
is  pressed  upwards  by  hydraulic  and  forces  the  casting 
out  of  the  mold.  This  operation  in  itself  is  the  easiest 
and  most  rapid  but  the  apparatus  becomes  compli- 
cated, more  time  is  consumed  between  the  castings 
than  by  removing  the  mold,  but  above  all  it  is  objec- 
tionable to  cast  on  an  inside  false  bottom.  If  this  is 
made  tight  from  the  beginning  it  will  swell  by  the 
heat  so  as  to  make  it  stick.  If  it  is  made  loose  some 
metal  will  run  out  in  the  joint. 

4.     Casting. 

When  the  liquid  strikes  the  bottom  of  the  mold 
rotating  at  full  speed  it  is  instantly  thrown  up  against 
the  sides.  In  a  mold  of  cast  iron  cold  splashes  will 
then  form  as  indicated  on  Fig.  6.  The  seams  between 
those  S])l3shes  will  be  deeper  in  proportion  to  the  dif- 
ference in  temperature  between  the  metal  and  the  mold. 
Low  carbon  steel  and  cold  cast  iron  molds  jircsent  in 
this  matter  an  extreme  case.  Cold  splashes  occur  how- 
ever quite  frequently  in  ordinary  stationary  molds 
cast  from  the  top  through  the  bottom  of  a  ladle  con- 
taining the  whole  charge.  This  especially  happens  in 
the  first  cast  ingots  when  the  speed  of  the  jet  is  ac- 
celerated by  the  whole  overlaid  height  of  metal  in 
the  ladle.  But  the  splashes  are  worked  away  in  fur- 
ther operations.  This  may  therefore  be  done  in  some 
cases  of  centrifugaled  castings  but  in  others  it  can- 
not be  done.  By  heating  the  mold  the  clefts  between 
the  splashes  become  less  deep  and  the  metal  is  kept 
liquid  longer.  But  if  the  heat  shall  do  any  good  it 
will  have  to  be  raised  so  high  as  to  come  dangerously 
near  the  temperature  where  the  melted  metal  attacks 
the  cast  iron  mold.  The  same  object  will  be  obtained 
by  having  the  mold  clay  lined,  but  the  surface  of  the 
casting  will  get  rough  and  require  more  working  to  be 
acceptable. 

By  experimenting  with  melted  parrafine  in  brass 
mold  I  have  found  that  cold  splashes  are  avoided  by 
arranging  the  inserted  spout  so  that  the  liquid  is  dis- 
charged horizontallv  impinging  on  the  sides  of  the 
mold  where  the  centrifugal  force  places  it.  The  ap- 
pearance is  somewhat  like  Fig.  7  with  helical  marks 
very  faint  and  shallow. 

By  pouring  the  liquid  in  a  stationary  mold  and  then 
rotating.  I  found  that  the  casting  presents  an  appear- 
ance somewhat  like  Fig.  8.  The  part  below  the  line 
of  rest  has  the  appearance  of  an  ordinary  cast  ingot 
with  surface  blow  holes,  if  the  steel  is  not  dead  molten 
and  cast  at  a  low  temperature.  But  the  upper  part  pre- 
sents a  perfect  outside  surface.  The  demarcation  line 
between  remains  however  quite  deep  and  distinct. 

If  the  mold  is  made  to  rotate  slowly  during  the 
casting  and  then  brought  up  to  full  speed  there  will 
be  no  such  demarcation  line.  The  lower  part  has  a 
surface  no  worse  than  ordinary  cast  ingot  but  the 
upper  is  so  near  faultless  as  can  be.  In  both  of  the 
last  named  cases  a  solid  bottom  closes  up  the  casting 
which  however  can  be  either  cut  oflf  or  pierced  in  fur- 
ther working.  This  solid  bottom  gives  the  advantage 
in  stripping  that  the  pressure  can  be  exerted  only  by 
a  rod  forced  in  the  center  hole  fitting  over  the  upper 
end  of  the  driving  shaft  and  the  bottom  of  the  mold 
needs  not  to  be  detached. 

The  inside  of  the  casting  follows  faithfully  the  para- 
boloid cut  ofif  in  the  mold.  As  shown  above  even  at  a 
moderate  speed  the  parabola  straightens  out  to  prac- 
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tically  a  trunkated  cone  approaching  a  cylinder.  Tube 
makers  do  not  object  to  a  slight  difference  in  the  di- 
ameter in  both  ends,  but  a  cross  section  anywhere 
must  show  the  same  thickness  all  around  because  any 
uneveness  in  that  respect  can  not  be  corrected  by  any 
subsequent  working.  In  a  vertical  smooth  running 
mold  the  centrifugal  force  takes  care  of  this  matter 
as  it  is  not  one  sidedly  affected  by  the  gravity.  Al- 
though the  inside  is  perfect  in  shape  the  pretention 
that  it  shall  be  so  smooth  as  the  outside  is  of  course 
unreasonable,  ^^'ith  exception  of  cast  iron  hollows  it 
will  have  to  be  worked  into  shape.  For  the  case  of 
tube  billets  to  be  rolled  over  mandril  it  is  therefore 
advisable  that  the  inside  be  first  reamed  out  which 
could  easily  be  done  in  the  same  operation  as  forcing 
out  the  casting  from  the  mold. 

In  all  centrifgual  castings  a  measured  quantity  of 
liquid  metal  has  to  be  poured  into  the  mold,  which 
means  ])i)Uring  over  lip  from  hand-ladles.  The  melted 
charge  has  then  to  be  kept  hot  while  waiting.  To 
accelerate  the  pouring  and  make  it  so  continuous  as 
possible  it  is  preferable  to  have  3  machines  to  be  used 
alternately. 

The  technically  most  suitable  process  is  of  course 
crucible  melting.  But  this  is  now  being  relegated  to 
the  rear  on  account  of  the  high  expense  of  fuel  and 
crucibles  especially  in  producing  the  high  temperature 
for  melting  low  carbon  steel.  A  small  electrical  melt- 
ing furnace  will  of  course  answer  the  purpose  if  the 
steel  can  be  kept  in  the  furnace  long  enough  without 
changing  composition  in  contact  with  the  basic  bottom 
and  ])hosphoretic  slag  (there  have  been  cases  where 
the  carbon  in  the  steel  reduces  back  some  phosphorous 
(lut  of  the  slag  by  long  contact  after  refining). 

A  2-ton  side  blow  converter  seems  to  fill  the  re- 
quirements. The  casting  from  such  a  converter 
through  hand  ladles  is  done  just  in  the  same  way  as  it 
would  be  in  serving  centrifugal  machines.  The  steel 
is  kept  hot  in  the  converter  on  an  acid  bottom,  covered 
by  a  blanket  of  acid  slag  and  exposed  to  the  radiation 
inside  the  converter.  The  slag  is  held  back  by  closing 
the  mouth  of  the  turned  down  converter  with  bricks 
and  the  clear  steel  is  tapped  from  the  lowest  point. 
By  the  operating  mechanism  the  turned  down  con- 
verter is  raised  and  lowered  so  as  to  measure  off  exact 
quantities  in  the  hand  ladles.  The  steel  is  hotter  than 
in  any  open-hearth  furnace  or  bottom  blown  converter 
as  the  carbonic  oxide  is  burnt  in  side  the  converter, 
and  the  heat  is  only  second  to  that  in  an  electrical  fur- 
nace. A  2-ton  charge  of  pig  iron  melted  in  a  cupola 
is  converted  into  steel  in  about  20  minutes  without 
any  consumption  of  fuel,  which  is  shorter  operation 
than  refining  in  basic  electrical  furnace.  The  side  blow 
converter  is  cheaper  to  install  and  operate  than  an 
electrical  furnace,  the  only  outfit  being  a  60  horsepower 
positive  blower  for  pressure  of  .3  to  4  lbs.  per  sq.  in. 
and  a  5  horsepower  tilting  apparatus. 

But  on  the  debit  side  stands  the  higher  price  of  the 
low  phos.  pig  iron  to  be  used  in  the  converter  and  the 
exclusion  of  scrap.  Common  steel  scrap  is  cheaper 
than  pig  iron  and  the  charge  in  a  basic  electrical  fur- 
nace of  such  scrap  and  phosphoretic  pig  iron  is  lower 
in  price  than  the  charge  in  a  converter. 

Operating  with  small  units  in  any  furnace  is  of 
Course  alwavs  more  expensive  than  for  inst.  melting 
100  ton  charges  in  a  basic  open  hearth  furnace.  But 
it  would  be  impossible  to  use  this  for  measuring  off 
small  quantities,  as  the  whole  charge  has  to  be  emptied 


in  one  ladle.  Even  if  the  steel  could  there  be  kept 
hot  for  the  required  long  time  it  would  be  impossible 
to  pour  through  the  bottom  into  hand  ladles  as  the 
pressure  would  make  the  steel  flow  over  and  spill. 

5.     Products. 

-Mthough,  as  shown  above  the  centrifugal  parabola 
rajiidlv  elongates  with  the  speed,  there  is  of  course  a 
limit  of  length  for  vertical  casting.  But  the  ma- 
jority (jf  hollow  articles  fall  within  that  limit.  A  cast 
tube"  with  the  inside  tapering  oft'  to  an  edge,  can  be 
divided  up.  the  upper  part  being  used  direct  for  draw- 
ing, the  lower  part  used  as  hollow  billets  to  be  rolled 
over  mandril. 

The  ordinary  way  of  making  hollow  tube  billets  is 
to  cast  12  in.  iiigotsl  reheat  these  in  gas  fired  soaking 
jiits.  reduce  the  size  in  a  blooming  mill  to  6  in.,  cut 
up  the  blooms  into  lengths  suitable  for  heating  and 
rolling  into  round  billets,  saw  off  these  to  lengths,  heat 
and  roll  between  disks  in  such  a  way  the  billet  is 
forced  against  a  stationary  spear.  On  the  face  of  it 
hollow  billets  can  be  worked  out  cheaper  by  centrifugal 
casting. 

Among  the  many  articles  of  limited  length  to  be 
cast  vertically  by  centrifugal  force  I  call  special  at- 
tention to  the  following  two  : 

The  sleeves  to  be  shrunk  over  the  explosion  cham- 
ber of  a  field  or  siege  gun  can  be  made  quite  satis- 
factor\-  in  that  way  and  much  cheaper  than  by  the 
present  elaborate  process. 

Projectiles  can  be  made  centrifugally,  about  as  good 
as  forged  and  the  cavity  closely  conforms  to  the  re- 
quired construction,  Fig.  9.  AH  projectiles  whether 
cast  or  forged  have  to  be  machined  to  exact  finish — I 
found  by  experiments  with  parrafine  that  a  small  sta- 
tionary 'pool  will  remain  at  the  point  of  the  cavity 
which  afterwards  forms  a  short  pipe.  But  even  this  is 
easily  corrected  in  further  working.  The  great  ad- 
vantage is  the  forming  of  the  cavity  thereby  saving  the 
tremendous  labor  of  carving  out  the  hollows  cold  from 
forged  solid  blanks  by  using  a  great  number  of  ma- 
chines. 

It  would  be  interesting  to  fill  a  rotating  mold  so 
completelv  that  no  cavitv  can  be  formed  and  to  ascer- 
tain the  effect  of  the  centrifugal  force  by  the  micro- 
structure. 

In  all  the  above  said  I  have  mentioned  the  most 
difficult  metal  which  is  low  carbon  steel  to  be  thus 
treated.  The  work  with  other  metals  is  comparatively 
easier. 

IRON   MINING  PROBLEMS  IN  BIRMINGHAM 
DISTRICT 

\n  investigation  in  progress  at  the  Southern  ex- 
periment station  of  the  Bureau  of  Mines,  Birmingham- 
Tuscaloosa.  Ala.,  relates  to  the  location  of  low-grade 
high  silica  iron  ores,  the  support  of  mines  and  the  ven- 
tilation of  the  mines  of  that  district.  Large  blocks  of 
iron  ore  will  be  cut  to  uniform  size  and  tested  with  a 
view  to  determining  their  crushing  strength  as  a  basis 
for  the  calculation  of  size  and  arrangement_  of  pillars 
in  the  mines.  Subsidence  in  iron  mines  will  also  be 
investigated,  involvinii-  a  careful  study  of  surface  and 
underground  conditions.  JMetal-mine  ventilation  and 
the  dust  problem  are  to  be  studied  in  a  manner  similar 
to  that  which  has  been  followed  by  the  Bureau  of  Klines 
in  certain  metal-mining  districts  of  the  North  and 
West. 
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Fuel  Economy  in  Heating  Furnaces 

New  Methods  to  Obtain  Increased  Production  With  Decreased 
Fuel  Consumption  from  Regenerative  and  Recuperative  Furnaces. 

By  K.  HUESSENER 
Mgr.  American  Heat  Economy  Bureau,  Pittsburgh,  Pa. 


NOTWITHSTANDING  the  fact  that  regenerative 
and  recuperative  furnaces  have  been  in  use  for 
dose  to  half  a  century,  there  are  no  generally  rec- 
ognized rules  governing  their  design.  Most  build- 
ers of  furnaces  have  their  own  set  ideas,  mostly  based 
on  empirics.  This  is,  not  by  any  means,  confined  to  any 
particular  country,  but  holds  true  all  over  the  world. 
One  eminent  German  authority  is  quoted  to  say  quite 
recently  that  metallurgical  furnaces  differ  from  stables 
more  in  material  used  than  in  any  other  way,  thus  re- 
ducing the  matter  ad  absurdum.  May  that  as  it  be, 
there  is  no  denying  the  fact  that  a  large  majority  of  fur- 
naces are  of  haphazard  design,  rendering  it  extremely 
difficult  for  the  operator  to  obtain  satisfactory  results. 

In  examining  heating  furnaces  from  a  strictly  theo- 
retical point  of  view,  we  find  that  output  and  economy  go 


Fig.  1. 

closely  hand  in  hand — as  the  following  simple  calculation 
will  show,  using  the  following  characters: 

\V  =  sensible  and  latent  heat  of  gas  and  air  ad- 
mitted at  the  port 

W  =^  heat  remaining  in  the  furnace 

N  =  heat  transmitted  to  the  material  (process 
heat ) 

S  =:  heat  transmitted  to  the  walls  (radiation  and 
conduction  losses) 

W  =  (N  -f  S) 

■  (  —   «r 

(  \\"  —  W  )  z=  E  ^  heat  going  into  the  outgoing 
regenerators 

N'  =  heat  transmitted  to  gas  and  air  by  regen- 
eration 

S'  =;  wall  losses  of  the  regenerators 

E'  :=  heat  going  to  the  stack 

E=  (N'  +  S'  +E') 

G  :=  weight  of  waste  gas  resulting  from  com- 
bustion of  W 

c  :=  specific  heat  of  waste  gases,  assumed  to  be 
the  same  for  all  parts  of  the  furnace 

ta  =:  calculated  initial  temperature 


te  =  temperature  of  waste  gases  entering  the  re- 
generators 

We  obtain  the  following  equation  illustrating  the 
course  of  the  heat  through  the  furnace : 

W—  (N  -h  S)  =r  N'  -f  S'  -f  E' 

The  heat  contained  in  W  is  equal  to  the  weight  of 
the  waste  gases  multiplied  by  the  specific  heat  and  the 
calculated  temperature 

W  r=  G  c  ta 

which    is    reduced    when    entering    the    outgoing    regen- 
erator to : 

E  =  N'  +  S'  +  E'  =  G  c  te 

therefore  the  heat  remaining  in  the  furnace 

W  =  (N  -4-  S)  =  G  c  ta  —  G  c  te 

and  as  the  efficiency  of  the  hearth  is  expressed  by  the 
relation  of  the  heat  admitted  to  the  heat  retained : 


G  c  ta  —  G  c  te 

fTTu 


ta- 


te 


ta 


The  efficiency  of  the  furnace  is  therefore  in  direct 
relation  to  ta  and  in  reversed  relation  to  te.  \'^ery  lit- 
tle influence  can  be  exercised  on  te  which  is  bound  to 
be  above  the  lemi>eralure  of  the  treated  material.  The 
attention  of  the-  operator  nuist  therefore  be  given  to 
obtaining  as  high  an  initial  temperature  as  is  consistent 
with  the  material  used  in  building  the  furnace,  and  with 
the  process  temperature   required. 

We  have,  however,  seen  that  only  part  of  the  heat 
remaining  in  the  furnace  is  transmitted  to  the  bath  or 
the  heated  material,  and  that  another  part,  unfortunately 
the  greater,  is  transmitted  to  the  walls  and  lost  through 
wall  loses.  These  wall  losses  are  not  in  any  way  de- 
pendent on  the  quantity  of  heat  W  admitted,  but  are 
governed  by  the  difference  of  temperatures  of  the  inside 
and  outside  of  the  furnace  walls.  They  are,  therefore, 
for  any  given  type  of  furnace  and  temperature  ta,  fixed 
losses  and  their  percentage  proportion  to  the  heat  W 
admitted  will  be  in  a  reversed  relation  to  the  quantity 
of  this  heat. 

We  have  .seen  that : 

N  -f  S  =  G  c  ta  —  G  c  te 
or 

N  =  G  c  (ta  —  te)  —  S 

In  other  words,  once  the  highest  admissible  temperature 
ta  has  been  attained,  te  and  S  being  fixed  quantities,  N 
the  heat  transmitted  to  the  material  is  dependent  on  the 
G  c,  which  in  turn  is  dependent  on  the  quantity  of  latent 
and  sensible  heat  admitted  in  gas  and  air. 
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In  following  the  course  of  the  waste  gases  through 
the  outgoing  regenerators  we  find  that 

G  c  te  =  N'  +  S'  +  E' 


or 


N 


Gc  ta—  (N"  +  S'  +  E')  —  S 


As  G  c  ta  is  made  up  of  Wl,  the  latent  heat  in  the  gas. 
and  Ws,  the  sensible  heat  in  gas  and  air,  and  \Vs  =  N', 
or 


N  =  (Wl  +  WS)  —  Ws  +  S'  +  E' 
Wl—  (S'  +  E')  —  S 


S  = 


we  find  that  the  efficiency  of  the  furnace  will  increase 
with  the  increase  of  the  latent  heat  and  the  decrease  of 
the  stack  losses  E'.  The  wall  losses  of  the  regenerators 
S'  being  fixed  quantities  same  as  the  wall  losses  of  the 
hearth  S  for  the  above  stated  reasons. 

In  order  to  reduce  the  chimney  losses  as  much  as 
possible  it  will  therefore  be  necessary  to  store  as  much 
heat  N'  as  possible  in  the  outgoing  regenerators  and 
take  it  up  again  as  Ws  in  the  incoming  regenerator.  The 
heat  transfer  in  the  regenerators  is  almost  exclusively 
by  contact  and  is  therefore  in  direct  relation  to  the  ve- 
locity of  the  gases  passed  through  them,  and  to  the 
squares  of  the.  absolute  temperatures.  If  larger  quanti- 
ties of  gas  and  air  are  passed  through  the  regenerators 
this  will  certainly  result  in  larger  velocities.  We  have 
seen  that  te  must  be  considered  a  fixed  temperature,  so 
that  when  working  with  larger  quantities  of  waste  gases 
the  heat  transfer  will  only  be  benefited  by  the  velocities 
in  the  first  outgoing  period.  On  the  next  incoming 
period  the  larger  quantities  of  gas  and  air,  if  both  cold, 
or  at  least  of  the  air  only,  if  hot  producer  gas  is  used, 
will  result  in  cooling  the  regenerators  to  a  lower  tem- 
perature and  thus  also  assist  the  heat  transfer,  with  the 
result  that  E'  is  corresnondingly  reduced.  How  far  a 
reduction  of  the  chimney  gas  temperature  when  working 
with  larger  quantities  of  gas  is  actually  possible,  will 
depend  on  the  size  and  design  of  the  regenerator,  but 
experience  has  shown  that  the  chimney  temperatures  are 
as  a  rule  not  increased  where  the  load  put  on  the  fur- 
nace is  increased,  so  that  the  final  efficiency  is  as  a  rule 
not  unfavorably  afl^ected  by  the  chimney  losses. 

The  calculation  proves  that  to  obtain  better  effi- 
ciencies from  any  given  furnace  it  is  necessary  to  in- 
crease the  initial  temperature  and  to  pass  as  large  as 
possible  a  quantity  of  heat  through  it. 

To  refer  to  the  latter  requirement  first,  it  must  be 
kept  in  mind  that  the  amount  of  gas  which  can  properly 
be  burned  in  any  given  furnace  depends  on  the  sizes  of 
the  regenerators  and  of  the  stack,  the  former  to  provide 
as  large  as  possible  a  quantity  of  gas  and  combustion  air. 
the  latter  to  convey  a  correspondingly  large  quantity  of 
waste  gas  to  the  waste  heat  boilers  or  into  the  atmos- 
phere. On  account  of  the  fact  that  the  gas  regenera- 
tors are  usually  of  the  same  size  as  the  air  regenerators 
and  that  the  gas  is  supplied  to  them  under  pressure, 
there  is  in  the  majority  of  cases  no  difficulty  to  supply 
very  much  larger  quantities  of  gas  to  the  furnace.  Not 
so  with  the  air.  The  air  enters  the  air  valves  under 
atmospheric  pressure  and  its  quantity  is  dependent  on 
the  chimney  effect  of  the  regenerator. 

In  examining  the  possibilities  of  a  furnace,  one  will 
first  of  all  ascertain  whether  the  air  valves  are  wide  open 
during  operation,  and  to  what  extent  the  possibilities  of 
the  stack  are  utilized.  In  case  one  finds  that  one  oper- 
ates with  wide  open  air  valves  and  partially  closed  chim- 


ney damper,  the  conclusion  is  justified  that  the  furnace 
can  deal  with  more  gas,  provided  that  the  air  supply  is 
correspondingly  increased.  The  possibilities  of  the  stack 
are  only  exhausted  when  with  a  wide  open  damper  bal- 
anced draft  is  maintained  in  the  hearth.  A  large  enough 
chimney  is,  therefore,  always  a  chief  requirement  for  the 
proper  utilization  of  a  furnace.  In  case  the  chimney 
should  be  too  small  it  will  almost  always  pay  to  equip 
it  with  an  exhaust  fan. 

To  provide  more  air  was  hitherto  not  simple.  Larger 
regenerators  which  offer  the  obvious  remedy  are  in  the 
majority  of  cases  out  of  the  question  on  account  of  lack 
of  space,  quite  aoart  from  the  expense.     To  supply  the 
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Fig.  2. 

regenerators  with  air  under  pressure  by  connecting  the 
air  valve  to  an  air  duct  and  blow  air  into  this  duct  by  a 
fan  forbids  itself  in  the  majority  of  cases  for  various 
reasons. 

The  great  majority  of  air  valves  are  situated  either 
in  valve  pits,  or  in  cellars,  and  are  usually  so  crammed 
in  that  it  is  impossible  to  accommodate  the  air  duct  and 
the  fan.  It  might  be  possible  to  provide  a  long  air  pipe 
and  locate  the  fan  outside  the  pit  or  cellar.  The  result, 
however,  would  be  total  loss  of  ventilation  and  such  an 
increase  in  heat  in  the  pits  that  it  would  be  impossible 
for  the  men  to  work  in  them  and  to  give  valves,  levers, 
etc.,  the  required  attention.  The  increased  heat  in  the 
pits  would  naturally  also  result  in  greatly  increasing  the 
temperature  of  the  floors  on  which  the  men  are  attending 
to  the  furnace. 

Another  very  vital  objection  to  this  kind  of  air  sup- 
ply is  the  fact  that  the  furnace  becomes  dependent  on 
the  working  of  the  fan,  and  in  case  of  breakdowns  of 
the  fan  motor  or  the  central  power  plant,  the  furnace 
would  be  closed  down. 

A  method  of  supply  of  air  which  overcomes  all  these 
objections,  and  which  for  some  years  has  been  used  with 
very  great  success  on  a  number  of  heating  furnaces,  has 
been  developed  and  patented  by  Mr.  Alfred  Steinbart. 
Instead  of  using  the  ordinary  centrifugal  fan  and  the  air 
duct,  he  arranges  the  pit  in  such  a  manner  that  it  is  as 
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nearly  as  possible  air-tight  and  equips  it  with  a  propeller 
fan  built  into  one  of  the  walls  of  the  pit.  (See  illustra- 
tion.) Where  the  valves  are  situated  in  cellars  he  builds 
a  small  casing  around  the  valve  and  equips  this  casing  in 
the  same  manner  with  an  ordinary  propeller  fan. 

The  regenerator  usually  creates  a  draft  of  about 
2/10  in.  w.g.  which  determines  and  limits  the  quantity 
of  air  to  be  handled  by  it  without  outside  assistance.  In 
order  to  increase  this  quantity  a  certain  additional  out- 
side pressure  has  to  be  set  up.  Assuming  that  the  chim- 
ney effect  of  the  regenerator  of  2/10  in.  w.g.  can  handle 
5,000  cu.  ft.  of  gas  per  minute,  and  it  is  desired  to  in- 
crease this  quantity  by  25  per  cent  to  6,250  cu.  ft  per 
minute,  tlie  pressure  to  be  set  up  by  the  fan  (x)  is  found 

Irom  the  ft)llo\ving  ecjuation  : 

.     5000  5 


\/  .2  -i-  X         6250        6.25 

( The  (|uantities  of  air  passing  through  a  given  area 
jire  in  proportion  to  the  square  roots  of  the  static  pres- 
sures in  inches  of  water.) 

A  propeller  fan  to  set  up  this  additional  pressure  of 
1/10  in.  w.g.  requires  a  little  over  1  hph.  The  25  per 
cent  additional  air  will  as  a  rule  be  sufficient  to  increase 
the  output  of  the  furnace  by  30  and  more  per  cent. 

An  installation  of  this  kind  has  manifold  advantages. 
Besides  being  inexpensive,  the  installation  can  be  made 
without  stopping  the  furnace.  If  the  fan  for  any  rea- 
son whatsoever  should  break  down,  the  furnace  will  not 
be  stopped  as  the  old  conditions  of  air  supply  can  im- 
mediately be  restored.  In  addition  to  supplying  the  fur- 
nace with  additional  air,  it  also  supplies  welcome  ven- 
tilation and  cools  the  floors  on  which  the  men  are  work- 
ing. By  chosing  the  fan  a  little  larger  than  its  actual  re- 
quirements, this  ventilating  and  cooling  effect  can  be 
made  very  pronounced,  so  that  the  men  can  work  in  the 
pits  without  experiencing  any  inconvenience. 

The  following  table  gives  an  idea  of  the  results  ob- 
tained from  an  installation  of  this  kind.  A  furnace  hav- 
ing a  hearth  surface  of  7  ft.  9  in.  by  6  ft.  5  in.  between 
bridge  walls,  and  heating  to  a  welding  heat  plates  6  in. 
wide,  29  in.  long  and  %  in.  thick,  weighing  30  pounds 
each,  was  changed  over  to  the  Steinbart  method  of  air 
supply.  The  following  are  the  number  of  plates  heated 
before  and  after  the  installation  during  each  shift: 


Before 
718 
712 

863 
926 
625 
741 
588 
550 
636 
800 
878 
1074 
904 
480 

10405 


After 
886 

497 

616 

790 

682 

820 

787 

888 

1244 

1460 

1520 

1 50S 

1107 

1129 


When,  a  short  time  later,  the  fan  was  stopped,  one 
.Saturday  morning,  the  results  were  as  follows: 

9:00-10:00  A.  M.  126 
10:00-11:00  A.  M.  130 
11:00-11:45  A.  M.       97 

( )n   the   following  Monday  the   fan  was  put  back  to 
work  with  the  following  results: 


9:00-10:00 

A. 

M. 

155 

10:00-10:55 

A. 

M. 

154 

11:00-11:50 

A. 

M. 

148 

2:00-  3:00 

P. 

M. 

166 

3:00-  4:00 

P. 

M. 

166 

4:00-  4:55 

P. 

M. 

154 

13,9.34 


The  average  run  per  shift  before  the  installation  was 
750  plates  and  after  the  installation  995  plates,  an  in- 
crease of  32  per  cent. 


an  average  per  hour  of  168j4  with  the  fan  as  against 
128  without  the  fan,  an  improvement  of  313-2  per  cent. 

The  main  saving  from  an  installation  of  this  kind  is 
of  course  in  wages,  as  the  same  set  of  men  will  produce 
30  per  cent  more  product  than  before.  The  fuel  sav- 
ing, although  it  must  have  been  considerable  as  shown 
by  the  above  calculation,  could  not  be  determined,  as  a 
number  of  other  furnaces  were  receiving  gas  from  the 
same  gas  house.  It  can  only  be  correctly  ascertained 
when  all  the  furnaces  served  from  the  same  gas  house 
are  equipped  in  this  manner. 

Whilst  the  above  described  method  takes  care  of 
working  the  furnace  with  the  possibly  largest  consump- 
tion of  gas  and  a  correspondingly  increased  load,  it  does 
comparatively  little  towards  increasing  the  initial  tem- 
perature ta,  which  we  have  found  is  the  other  determin- 
ing factor  in  increasing  the  efficiency  and  reducing  the 
fuel  consumption  of  the  furnace.  This  temperature  de- 
pends on  two  factors: 

1.  The  always  correct  proportion    of    gas    and 
and  combustion  air. 

2.  A  thorough  and  intimate  mixture  between  the 
two. 

The  second  factor  is  dependent  on  the  construction 
of  the  furnace  and  can  in  the  majority  of  cases  not  be 
influenced  without  very  considerably  changing  the  fur- 
nace ports.  But  a  certain  maximum  temperature  can  be 
obtained  in  any  furnace  and  frequently  in  excess  of 
the  temperatures  actually  obtained,  or  where  higher  tem- 
peratures are  not  desired,  the  same  temperatures  can 
be  maintained  with  a  much  smaller  expenditure  of  gas. 
if  the  gas  and  air  are  supplied  in  a  predetermined  rela- 
tion and  if  this  relation  is  continuously  and  automatically 
maintained. 

The  required  initial  temperature  for  the  various  kinds 
of  metallurgical  furnaces  are  very  different  and  vary 
from  1900-2000  deg.  F.  for  hardening  furnaces  to  4500- 
4700  deg.  F.  for  open  hearth  furnaces.  These  are  calcu- 
lated initial  temperatures,  as  they  would  be  obtained  if 
gas  and  air  were  burned  in  the  possibly  smallest  space 
without  transmitting  any  heat  in  statu  nascendi  by  radia- 
tion to  the  surrounding  walls,  etc.  The  actual  obtainable 
temperatures  are  much  lower  and  depend  on  the  pyro- 
metric  efficiency  of  combustion,  amounting  usuallv  to 
68-75  per  cent  of  the  calculated. 

We  are  dealing  in  this  case  with  regenerative  and 
recuperative  furnaces  only,  where  the  required  actual 
temperatures  vary  from  2-100  to  3200  deg.  F.  The  heat- 
ing value  of  the  gas  and  the  sensible  heat  carried  by  gas 
and  air  after  pre-heating  are  factors  which  we  must  con- 
sider as  fixed  for  any  given  type  of  furnace.  Whatever 
thev  are,  gas  and  air  should  alwavs  be  mixed  in  a  rela- 
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tion  as  near  as  possible  to  the  theoretical  for  perfect  com- 
bustion, and  automatically  kept  there.  If  the  obtained 
flame  temperature  is  too  high  a  reduction  in  the  gas 
supply  will  decrease  the  pyrometric  efficiency  and  cool 
the  flame.  As  in  metallurgical  furnaces,  the  danger  of 
considerable  material  losses  through  scaling  has  to  be 
countenanced,  a  reducing  flame  is  generally  called  for, 
and  to  be  on  the  safe  side  it  is  customary  to  work  with  a 
considerable  excess  of  gas,  a  very  wasteful  proceeding 
and  apt  to  entirely  defeat  the  primary  object  of  obtain- 
ing the  highest  practical  initial  temperature,  compatible 
with  the  temperatures  required  in  the  furnace. 

There  is  naturally  no  possibility  to  lay  down  hard 
and  fast  rules  for  all  furnaces  as  to  the  best  proportion 
between  gas  and  air.  There  are  a  good  many  other  fac- 
tors which  have  to  be  considered,  such  as  the  minimum 
volume  of  products  of  combustion  required,  the  tem- 
peratures which  have  to  be  maintained  in  certain  parts 
of  the  furnace,  which  may  call  for  slow  combustion  with 
a  lingering  flame  and  many  other  individual  conditions, 
but  there  cannot  be  any  doubt  that  there  is  one  and  only 
one  best  condition  where  the  desired  relation  of  gas  and 
air  gives  the  best  all-round  results,  and  that  any  deviation 
from  this  condition  will  always  be  to  the  worse.  It  is 
this  condition  which  should  always  be  maintained  auto- 
matically, no  matter  how  much  the  gas  supply  to  the  fur- 
nace changes. 

Attempts  have  been  made  of  late  to  educate  the  fur- 
nace men  to  regulate  the  air  supply  by  hand.  Such  regu- 
lation is,  however,  not  practicable  and  at  best  very  crude. 
At  most  mills  it  is  still  customary  to  work  with  an  en- 
tirely open  air  valve  and  let  the  relation  between  gas 
and  air  take  care  of  itself,  increasing  the  gas  supply 
whenever  one  is  in  danger  of  obtaining  a  highly  oxidizing 
flame. 

The  .\skania  gas  and  air  mixing  regulator  has  been 
designed  to  automatically  maintain  this  desired  relation 
between  gas  and  combustion  air.  The  illustration  No.  2 
shows  the  application  of  the  regulator  to  a  recuperative 
furnace  which  receives  its  combustion  air  through  a 
special  air  duct  by  fan  pressure.  It  will  be  noticed  that 
an  orifice  is  arranged  in  the  gas  supply  pipe  and  that  the 
dynamic  pressure,  i.  e..  the  difference  of  pressure  be- 
fore and  behind  the  orifice,  is  taken  off  in  the  customary 
manner.  The  air  valve  in  this  case  is  of  the  slide  valve 
type.  The  slide  forms  the  air  orifice,  the  differential 
pressure  being  taken  off  in  a  similar  manner. 

These  two  dynamic  pressures  change  in  proportion 
to  the  quantities  of  gas  and  air  passing  through  the  ori- 
fices. In  order  to  keep  the  quantities  of  gas  and  air  in 
constant  relation,  it  is  necessary  to  keep  a  constant  dif- 
ference between  these  two  dynamic  pressures.  This  is 
done  in  the  following  manner:  The  two  pairs  of  dif- 
ferential pressures  are  first  passed  through  a  pressure 
transformer  and  reduced  to  two  working  pressures.  Sup- 
pose for  instance  that  the  two  pressures  taken  from  the 
gas  orifice  are  50  and  30  mm,  and  those  taken  from  the 
air  orifice  30  and  15  mm,  then  the  two  transformer  pres- 
sures are  (50  —  30)  20  and  (30  —  15)  15  mm.  The 
difference  between  these  two  is  therefore  5  mm. 

For  the  purpose  of  obtaining  this  result  the  two 
transformed  pressures  of  20  and  15  mm  are  admitted  on 
either  side  of  a  diaphragm  which  divides  a  contact  box 
into  two  compartments.  This  diaphragm  is  set  by  a 
simple  screw  set  for  5  mm  in  the  above  assumed  case. 
Assume  that  a  change  in  the  quantity  of  gas  results  in 
a  change  of  the  transformed  dynamic  gas  pressure  from 


20  to  25  mm.  The  difference,  which  should  be  held  at 
5  mm,  is  now  changed  to  10  mm  and  the  diaphragm  will 
make  an  electric  contact.  Through  a  suitable  gas  relais 
a  motor  is  actuated  which  in  turn  opens  a  butterfly 
valve  in  the  air  main  and  admits  a  correspondingly  larger 
quantity  of  air  until  the  transformed  dynamic  air  pres- 
sure is  increased  to  20  mm,  thus  restoring  the  desired 
difference  of  5  mm.  As  soon  as  this  is  done  the  contact 
is  broken  and  the  motor  is  reversed,  which  is  necessary, 
as  naturally  the  regulation  limits  will  always  be  a  little 
over-run.  In  this  manner  the  motor  will  all  the  time 
run  20-30  revolutions  in  one  direction,  then  reverse  and 
make  another  20-30  revolutions  in  the  other  direction, 
major  changes  being  taken  care  of  by  a  correspondingly 
increased  number  of  revolutions  in  the  required  direction. 

A  regulator  of  this  kind  is  also  necessary  where  the 
gas  supply  to  the  furnace  is  kept  constant  by  special  pres- 
sure regulation  valves,  etc.  In  a  regenerative  furnace 
where  the  chimney  effect  of  the  regenerator  supplies  the 
air,  this  amount  of  air  gets  smaller  and  smaller  towards 
the  end  of  the  heating  period  in  the  same  proportion  as 
the  regenerator  gets  cooler.  A  reduction  in  the  air  sup- 
ply upsets  the  desired  pressure  difference  of  S  mm  in  a 
like  manner  as  if  the  gas  supply  had  been  increased,  and 
will  be  taken  care  of  by  the  regulator  in  exactly  the  same 
manner. 

The  installation  shown  in  illustration  No.  2  is  the  ap- 
plication to  a  producer  gas  fired  heating  furnace.  The 
furnace  before  the  installation  was  using  42,000  cu.  ft. 
of  producer  gas  per  hour.  Already  four  hours  after  the 
installation  had  been  started,  the  gas  consumption  was 
reduced  to  28,000  cu.  ft.  per  hour,  and  later  on  an  addi- 
tional reduction  of  the  gas  became  necessary,  as  the  flame 
temperature  rose  to  such  an  extent  that  it  threatened  to 
destroy  the  furnace  ports  and  arches. 


NEW  ANNEALING  FURNACE  FOR  WIRE 

New  annealing  equipment  for  wire,  including  a  fur- 
nace and  a  carriage  for  annealing  pots  has  been  de- 
\'eloped  by  Michael  B.  Kelly,  president  and  general 
manager  of  the  American  Steel  Co.,  Pittsburgh,  and 
Hugh  J.  Scanlon. 

The  inventors  state  that  the  object  of  their  inven- 
tion is  to  provide  a  unit  in  which  the  temperature  at 
different  parts  of  the  chamber  may  be  properly  con- 
trolled, causing  an  efficient  application  of  heat  to  all 
parts  of  the  annealing  pot.  The  furnace  also  is  de- 
signed to  permit  a  gradual  increase  in  temperature  as 
the  material  moves  from  the  entrance  end  of  the  fur- 
nace to  a  certain  point  and  then  a  gradual  decrease 
until  the  material  arrives  at  the  discharge  end. 

The  furnace  proper  and  the  chamber  rest  upon  a 
concrete  foinulation.  The  floor  of  the  annealing  com- 
partment which  carries  the  annealing  pot  carriages  is 
inclined  from  the  entrance  to  the  discharge  end  to  fa- 
cilitate the  movement  of  pots.  The  roof  slopes  down 
in  either  direction  from  the  point  where  the  heating 
furnace  adjoins  the  annealing  chamber.  Definite  speci- 
fications for  the  furnace  proper  are  not  given,  it  being 
stated  that  any  suitable  design  embodying  a  stoking 
apparatus  and  equipped  with  a  motor-driven  blower 
may  be  used.  Heat  is  supplied  to  the  annealing  cham- 
ber through  connecting  ports  from  the  furnace  and  the 
products  of  combustion  pass  out  through  a  stack  situ- 
ated along  side  of  the  charging  end. 
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Breakage  of  Rolls  on  Sheet  and  Tin  Mills 

A  General  Discussion  on  the  Warming  Up  of  Rolls  for  This  Type 
of  Mills — Author  Explains  Why  Some  Methods  in  Use  Today 
Are  Disastrous. 

By  W.  H.  MELANEY 

TART   II. 


CONTINUING  the  discussion  of  the  probable  rea- 
sons for  the  breakage  of  sheet  and  tin  mill  rolls  as 
outlined  in  the  preceding  article,  the  writer  will 
endeavor  to  present  in  a!  logical  manner  some  of  the 
methods  in  use  today  for  warming  up  these  rolls  prepara- 
tory to  the  rolling  of  sheets,  and  primarily  intended  to 
prevent,  so  far  as  possible,  their  breakage  under  serv- 
ice conditions. 

As  previously  shown,  thin  sheets  such  as  are  pro- 
duced on  a  sheet  or  tin  mill  must  of  necessity  be  rolled 
on  hot  rolls,  as  due  to  the  thinness  of  these  sheets  even 
when  rolled  in  packs,  it  would  be  impossible  to  keep 
them  up  to  a  temperature  that  would  permit  of  the 
proper  elongation  of  the  packs,  if  any  external  means 
were  used  to  keep  the  rolls  cool.  Resides,  the  rolls 
themselves  would  so  rapidly  absorb  the  heat  from  the 
pack  that  nothing  short  of  drenching  them  with  water 
would  prevent  their  rapid  heating  anyway. 

This  would  be  prohibitive,  because  whatever  means 
were  used  to  cool  the  rolls  would  also  cool  the  sheets. 


Fig.   1— Chill  Roll  Structure. 

Therefore,  we  must  accept  the  hot  rolls  as  a  necessary 
evil  and  see  wliat  means  we  can  employ  to  render  this 
condition  least  dangerous,  at  least  so  far  as  roll  break- 
age is  concerned.  The  mere  fact  that  rolls  are  hot  (if 
they  are  kept  within  practical  limits)  does  not  materially 
increase  the  danger  of  breakage,  as  they  can  easily  be 
kept  within  the  critical  temperatures  of  the  maximum 
and  minimum  strength  of  cast  iron  and  still  do  good 
work. 

Imparting  Heat  to  the  Rolls. 

Most  of  the  trouble  arises  in  imjiarting  to  the  rolls 
the  initial  heat  required  to  eliminate  the  concavity  pre- 
viously turned  in  them,  as  the  simplest  and  most  prac- 
tical means  of  taking  care  of  the  puffing  up  of  the  center 
of  the  roll  face  which  is  a  natural  sequence  to  the  roll- 
ing of  the  red  hot  packs,  the  center  of  the  rolling  face 
becoming  verv  much  hotter  than  it  is  at  the  ends  of 
the  roll. 


This  is  self  evident,  as  in  rolling  wide  sheets  (and 
these  are  alwa\s  rolled  in  the  fore  part  of  the  week,  just 
as  soon  as  the  rolls  can  be  brought  up  sufficiently  full 
in  the  center  to  permit  it)  the  red  hot  packs  are  uni- 
formly in  contact  with  the  rolling  surface  over  prac- 
tically its  entire  face. 

The  center  of  the  roll  has  no  means  of  losing  any  of 
its  heat  except  by  radiation  into  the  surrounding  air, 
while  the  ends  of  the  roll  not  only  lose  heat  by  radia- 
tion, but  also  by  conduction  into  the  necks  and  wabblers. 

The  amount  of  tonnage,  that  is,  the  number  of  packs 
that  are  to  be  put  through  the  rolls  in  a  given  time,  will 
determine  the  amount  of  concavity  that  must  be  turned 
into  the  rolls  at  the  start.  The  greater  the  number  of 
packs  rolled  in  an  hour  the  less  the  chance  of  the  roll 
losing  heat  from  its  center  by  radiation,  therefore,  the 
more  the  concavity  must  be  at  the  start. 

With  this  explanation  of  the  conditions  that  always 
exist  on  these  types  of  mills,  we  will  take  up  the  man- 
ner of  imparting  to  the  rolls  the  initial  heat  required  to 
bring  them  into  workable  condition. 

From  the  description  in  the  previous  articles  of  the 
vastly  diflferent  physical  characteristics  that  must  exist 
between  the  metal  on  the  face  of  the  roll  and  that  of  its 
interior,  it  follows  as  a  logical  conclusion  that  this  ini- 
tial heat  should  be  permitted  to  slowly  accumulate  in 
order  to  give  the  interior  of  the  roll  time  to  warm  up 
sufficiently  to  take  care  of  the  quite  rapid  expansion  of 
the  crystalline  face  by  the  greater  mass  of  the  granular 
interior,  even  though  the  expansion  of  the  granular 
mass,  inch  for  inch,  is  only  half  as  great  as  the  crystal- 
line face.      (See  illustration  of  chill  roll  structure.) 

Old  Method  of  Warming  Up. 

The  old  time  metliod  of  warming  up  the  rolls  in  use 
for  many  years,  and  which,  fortunately  for  everybody 
concerned,  is  fast  becoming  antiquated  and  generally 
obsolete,  was  to  warm  up  the  rolls  by  rolling  a  certain 
number  of  short  pieces  of  sheet  bar  in  the  center  of  the 
rolls  to  bring  up  the  center  a  little  until  narrow  sheets 
can  be  produced  which  will  come  within  the  commercial 
limits  of  even  gauge.  As  the  rolls  accumulate  heat,  the 
width  of  the  packs  is  increased  until  the  wider  sizes 
of  sheets  can  be  rolled. 

By  this  method  of  warming  up  it  is  apparent  that 
the  chilled  face  of  the  rolls  (starting  at  the  tempera- 
ture of  the  surrounding  air  in  which  they  have  reposed 
for  at  least  a  week  after  being  turned)  must  be  very 
rapidly  heated  as  they  come  into  direct  contact  with  the 
hot  steel. 

.\s  a  sheet  bar  is  usually  only  8  in.  wide  and  as  the 
bar  is  entered  sidewise  into  the  rolls,  there  will  only  be 
a  contact  of  8  in.  in  width  for  a  distance  across  the  face 
of  the  roll  corresponding  to  the  length  of  the  bar  being 
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rolled.  Of  course,  due  to  elongation,  this  width  of  con- 
tact is  increased  after  each  pass,  but  at  best  the  rolls  arc 
only  heated  in  spots  from  direct  contact  with  the  hot 
steel.  Thus,  it  requires  many  passes  and  many  revolu- 
tions of  the  rolls  before  all  parts  of  their  rolling  face 
have  been  in  contact  with  the  hot  steel. 

When,  as  ofttimes  happens,  the  rougher  and  catcher 
get  so  proficient  in  entering  the  bars  as  to  have  a  stated 
number  of  seconds  between  each  pass,  then  this  rhythmi- 
cal action  results  in  the  bar  entering  at  practically  the 
same  point  on  the  circumference  of  the  rolls  at  each  pass. 
This  results  in  a  very  uneven  heating  of  the  roll  around 
its  circumference,  producing  the  worst  possible  condi- 
tion as  regards  expansion  that  could  occur,  with  the 
chances  good  for  starting  a  rupture  in  the  face  of  the 
rolls  that  will  cause  them  to  break  later  on. 

This  is  one  of  the  reasons  for  the  statement  many 
times,  by  the  roller,  that  the  roll  broke  without  apparent 
cause,  as  the  roll  had  not  been  abused  or  in  any  way 
misused  previous  to  breaking. 

Warming  Up  With  Gas. 

The  ne.xt  step  in  advance  was  using  natural  gas  in 
the  beginning  of  the  warming  up  process  to  at  least 
raise  the  temperature  of  the  roll  above  the  extremely 
low  point  it  had  acquired  in  lying  idle  for  a  week, 
especially  in  the  winter  time,  then  following  this  up  with 
short  pieces  of  red  hot  bar,  as  previously  explained. 

This  innovation  would  have  a  beneficial  effect  if 
the  rolls  were  kept  constantly  revolving  and  the  gas 
flame  evenly  applied  all  across  the  face  of  the  roll  in- 
stead of  as  was  often  the  case  of  a  single  gas  flame 
being  projected  against  the  middle  of  the  rolls,  causing 
an  uneven  expansion  of  the  two  rolls. 

This  method,  while  having  some  good  features  when 
properly  applied,  was  usually  resorted  to  before  the 
mill  crew  arrived  to  take  charge  of  the  mill,  and  being 
in  the  hands  of  men  unacquainted  with  the  sensitiveness 
of  chilled  rolls  to  heat  conditions,  was  generally  badly 
abused  and  probably  did  more  harm  than  good. 

As  an  illustration  of  the  thoughtlessness  with  which 
these  things  are  some  times  carried  out,  the  writer  re- 
members an  instance  in  which  a  blow  torch  was  used  to 
quickly  heat  up  a  pair  of  rollers  preparatory  to  placing 
them  in  service. 

Another  illustration  W'as  the  placing  of  a  cold  chilled 
roll  in  the  w-inter  time  on  a  hot  annealing  box  bottom  to 
partly  warm  it,  with  the  result  that  the  roll  fell  in  two 
before  ever  going  to  the  mill.  This  was  due,  of  course, 
to  the  too  rapid  and  uneven  heating  of  the  roll. 

Steam  Heating. 

Later  on  steam  was  introduced  as  the  warming  up 
medium,  as  by  this  means  the  rolls  could  be  gradually 
heated  to  approximately  150  deg.  F.,  and  this  heat  would 
extend  clear  through  to  the  center  of  the  roll  and 
thereby  relieve  the  extreme  difference  in  temperature 
between  the  surface  of  the  roll  and  its  interior,  before 
the  final  warming  up  with  hot  bars  was  attempted. 

This  was  a  big  step  in  advance  of  any  previous 
method,  as  at  no  time  was  there  any  very  rapid  heating 
until  the  roll  had  at  least  become  warm  all  through 
and  the  rapid  heating  of  the  face  of  the  roll  over  a  cold 
interior  was  a\'oided. 

Hot  Water  Heating. 

Then  came  the  most  advanced  and  best  system  of 
warming  up  in  use  on  sheet  or  tin  mills  to  date,  that  of 
hot  water  heating. 

A  cold  water  line  is  alwavs  in  service  at  the  sheet 


or  tin  stand  anyway,  as  it  is  necessary  to   furnish  the 
water  used  in  controlling  the  temperature  of  the  necks. 

Now,  if  a  perforated  pipe  be  suspended  across  the 
top  of  the  rolls  the  same  as  is  used  on  a  balanced  rough- 
ing mill,  and  connected  to  the  cold  water  supply,  and 
then  a  steam  line  be  connected  into  the  cold  water  line 
right  at  the  mill  stand,  so  that  by  opening  a  valve  the 
steam  is  ]3ermitted  to  circulate  through  the  water,  then 
the  water  can  be  heated  to  the  boiling  point  and  dis- 
tributed through  the  perforated  pipe  over  the  whole 
surface  of  the  roll,  the  motor  being  rotated  to  turn  the 
rolls  over  the  whole  time  the  warming  up  is  taking  piace 
and  which  requires  from  five  to  six  hours. 

By  this  method  the  rolls  are  very  slowly  and  evenly 
heated  from  end  to  end  to  near  the  boiling  point  of 
water,  and  this  heat  extends  clear  through  to  the  cen- 
ter of  the  roll,  thus  putting  them  in  excellent  shape  to 
receive  the  final  warming  up  by  rolling  crop  ends  or 
narrow  sheets  until  the  mill  is  ready  to  roll  the  width 
of  sheet  desired.  Then  by  limiting  the  number  of  pairs 
that  may  be  rolled  by  any  crew  over  a  given  number  of 
hours,  changing  the  limit  as  the  heating  up  progresses, 
until  about  the  middle  of  the  week. 

By  this  time  a  condition  is  reached  where  the  limit 
can  be  removed  and  the  crews  permitted  to  make  up 
during  the  later  part  of  the  week  the  tonnage  that  these 
restrictions  prevented  in  the  fore  part  of  the  week. 

This,  as  will  be  seen,  does  not  reduce  the  output 
when  the  whole  week's  work  is  considered,  but  does  in- 
sure a  more  careful  warming  up,  the  result  being  less 
broken  rails  and  a  much  lower  cost  per  ton  of  sheets. 

Not  only  do  broken  rolls  raise  the  cost  of  rolled 
sheets  per  ton  to  the  extent  of  the  money  loss  on  rolls 
over  a  given  period,  but  the  consequent  stoppage  of 
that  and  other  mills  driven  through  it  while  roll  :hang- 
ing  is  taking  place,  reduces  the  tonnage  rolled  until  some 
times  the  loss  is  greater  from  this  cause  than  that  due  lo  ' 
the  breaking  of  the  roll. 

Besides,  while  the  mills  are  down  the  heat  condi-' 
tions  in  the  rolls  are  continually  changing  and  it  is  neces- 
sary to  resort  to  more  warming  up  before  the  usual 
width  of  sheet  can  be  rolled  and  which  is  conductive  to 
further  breakage  of  rolls,  so  it  would  seem  to  be  the 
better  part  of  wisdom  to  prolong  the  time  of  warming 
up  the  rolls  during  the  fore  part  of  the  week,  even  at  the 
cost  of  reduced  tonnage,  because  this  can  always  be  made 
up  during  the  later  part  of  the  week  with  very  little 
danger  of  roll  breakage  after  the  rolls  have  been 
brought  gradually  up  to  their  ideal  working  temperature 
of  from  700  to '750  deg.  F. 

The  next  article  will  deal  with  the  roughing  up  of  the 
surfaces  of  sheet  and  tin  mill  rolls. 


BRIER  HILL  NOT  TO  BE  IN  NEW  STEEL 
MERGER 

Reports  that  the  Brier  Hill  Steel  Co.,  Trumbull 
Steel  Co.,  and  the  Steel  &  Tube  Co.  of  America  are  to 
be  included  in  the  merger  of  independents  forming 
the  North  American  Steel  Co.,  have  been  denied  by 
Thomas  L.  Chadbourne.'New  York,  counsel  for  the 
merging  companies.  The  combine  will  include  only 
the  Republic  Iron  &  Steel  Co.,  Midvale  Steel  &  Ord- 
nance Co.  and  Inland  Steel  Co.,  it  is  asserted.  Accord- 
ing to  Mr.  Chadbourne,  progress  is  being  made  in 
closing  the  merger,  although  no  date  has  been  set  for 
asking  stockholders  of  the  respective  companies  to 
ratify  the  terms  of  the  plan.  No  date  is  to  be  fixed 
until  the  federal  trade  commission  has  given  final  ap- 
proval of  the  terms. 
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The  Trend  in  Rolling  Mill  Drives 

The  Plants  Have  Become  More  Extensive  and  as  the  Power  Re- 
quirements Have  Increased  the  Distances  Involved  Have  Out- 
grown Steam  Transmission. 

By  GORDON   FOX* 


IN  the  not  distant  past  steel  mills  in  general  had  not 
achieved  the  magnitude  common  to  many  present 
day  plants.  Their  power  demands  were  moderate 
The  steam  engine  was  available  and  was  the  obv'oiis 
means  of  main  roll  drive.  Had  suitable  electric  motors 
been  then  developed  their  use  would  have  been  ques- 
tionable. The  engines  employed  for  mill  drives  were 
comparable  in  size  and  economy  with  those  available 
for  power  generation.  There  was  then  little  to  justify 
the  use  of  the  electric  motor  for  driving  the  main  rolls. 
Today  conditions  are  changed.  The  plants  have 
become  extensive.  Their  power  requirements  have 
increased.  The  distances  involved  have  outgrown 
steam  transmission.  Large  turbines  and  gas  engines 
have  been  perfected,  having  economies  much  higher 
than  mill  drive  engines.  Suitable  electric  motors  have 
been  developed  for  driving  the  main  rolls.  Just  as 
isolated  power  plants  are  being  generally  superseded 
by  central  stations,  so  is  power  production  being  con- 
centrated in  the  steel  mill.  Electric  drive  has  proven 
its  case.  The  trend  seems  unmistakable.  It  may  be 
of  interest  to  review  briefly  a  few  of  the  considerations 
which  have  dictated  this  trend. 

One  of  the  principle  factors  leading  to  the  general 
,  adoption  of  electric  drive  is  economy  of  power.  It  is 
impossible  to  set  forth  general  figures  which  are  all 
inclusive.  But  they  may  be  used  to  depict  the  story. 
It  might  seem  that  the  conversion  of  mechanical 
power  to  electric  power  in  the  generator  and  the  later 
reconversion  to  mechanical  power  at  the  motor,  in- 
volves extra  steps  which  would  prove  prohibitive. 
Such  is  not  the  case.  The  various  efficiencies  involved 
are  approximately  as  follows  : 

Continuous 
Reversing  Mill     Running  Mill 
Electric  Generator  93  93 

Transmission  95  95 

Flywheel  set  80 

Train  motor  90  90 

Conversion  efficiency  67  84 

Resultant  overall  efficiency       63  75 

The  modern  steam  turbine  of  10,000  kw  capacity 
will  have  an  overall  economy  of  15  lbs.  of  steam  per 
kw  hr.  or  better,  with  prevailing  load  conditions.  This 
corresponds  to  10.5  lbs.  per  brake  horse  power  hour. 
A  reversing  drive,  with  an  overall  efficiency  of  63  per 
cent,  will  then  require  16.5  lbs.  of  steam  per  brake 
horse  power  at  the  mill  pinions.  A  non  reversing  drive 
will  require  about  14  lbs.  of  steam  per  brake  horse 
power. 

It  is  rather  difficult  to  establish  representative  fig- 
ures for  steam  drives  as  data  is  relatively  meager  and 


published  results  are  somewhat  at  variance.  More- 
over, results  depend  upon  many  factors  such  as  type 
of  equipment  and  its  condition  and  upon  the  character 
of  the  rolling  schedules.  However,  no  injustice  is  done 
these  engines  if  the  following  figures  be  used: 


-Reversing- 


Non 


Compound  Reversing 

Cendensing  Condensing 

30  20 

36  23 


*Mr.  Fox  is  Electrical  Engineer,  Freyn,  Brassert  &  Com- 
pany, Chicago,  111. 


Simple 
Per  I  hp  hr.  45 

Per  B  hp  hr.  53 

A  comparison  of  the  above  figures  indicates  that, 
with  engine  drive,  the  steam  requirement  is  two  to 
three  times  that  of  electric  drive. 

These  figures  do  not  tell  the  whole  story.  In  the 
case  of  electric  drive  we  have  taken  into  consideration 
the  transmission  losses.  With  engine  drive  it  is  com- 
monly found  that  the  steam  consumed  at  the  engine 
must  be  increased  thirty  to  fifty  per  cent  to  cover 
transmission  and  standby  losses  and  the  wastage  of 
steam  by  leaks  and  incidental  uses. 

It  must  be  considered  also  that  a  given  amount  of 
steam  can  be  generated  more  efficiently  in  a  central 
boiler  plant  under  fairly  uniform  load  conditions  than 
in  scattered  boiler  houses. 

The  comparison  above  is  more  or  less  indicative  of 
conditions  in  the  large  mill  where  the  central  power 
plant  may  be  of  sufficient  capacity  to  warrant  the 
use  of  large  and  efficient  prime  movers.  In  the  small 
plant  the  superiority  of  electric  drive  from  a  fuel  econ- 
omy viewpoint  is  less  marked,  provided  the  mill  engine 
is  of  a  modern  and  economical  design.  In  the  smaller 
mills,  however,  it  will  more  often  be  found  advisable 
to  purchase  electric  power  from  an  efficient  central 
station.  The  small  mill  often  grows.  As  it  becomes 
larger,  the  benefits  of  electric  drive  usually  increase. 
The  initial  electrical  installation  can  be  well  suited 
to  future  growth. 

Two  factors  which  have  exercised  a  retarding  in- 
fluence on  the  more  general  use  of  central  station  power 
are: 

Lack  of  reliability. 

Complicated  and  penalizing  rate  schedules. 

The  power  plants  of  public  utilities  have,  as  a  rule, 
achieved  a  high  degree  of  continuity  of  power  but  in- 
terruptions due  to  transmission  difficulties  are  still  of 
too  frequent  occurrence  in  some  instances. 

Rate  schedules  which  penalize  for  a  long  period 
because  of  the  occasional  peak  of  short  duration  impose 
a  hardship  which  does  not  seem  entirely  warranted. 
Instances  arise  where  a  mill  cannot  be  started  or  an 
order  rolled  because  of  the  effect  on  the  maximum 
demand.  These  instances  lead  to  loss  of  revenue  both 
to  the  steel  mill  and  to  the  utility.     Closer  cooperation 
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and  a  fuller  appreciation  of  mutual  interests  should 
eliminate  or  reduce  these  differences  and  bring  about 
the  general  adoption  of  electric  drive  and  purchased 
power  in  the  small  mill. 

The  more  complete  the  electrification  of  a  large 
mill,  the  higher  is  the  total  power  economy.  This  re- 
sults from  the  use  of  larger  prime  movers,  from  better 
boiler  room  practice  and  from  improved  load  factor. 
The  importance  of  a  high  load  factor  is  not  fulh'  ap- 
preciated. The  average  steel  mill  load  at  its  best  is 
of  a  fluctuating  nature.  The  load  factor  is  commonly 
on  the  order  of  fifty  per  cent.  This  means  relatively 
high  fixed  charges  per  unit  output  and  also  requires 
the  operation  of  the  prime  movers  at  reduced  effi- 
ciencies. The  cost  of  power  can  be  materially  reduced 
if  the  load  factor  can  be  improved.  This  can  be 
brought  about  by  careful  provision  for  the  minimizing 
of  peaks  and  by  the  addition  of  diversified  load.  This 
factor  alone  is  an  argument  of  no  small  import  in  favor 
of  the  electrification  of  steel  mill  yards.  In  a  mill 
which  is  extensively  electrified  the  power  generating 
capacity  need  be  only  about  thirty-three  per  cent  of 
the  connected  load. 

The  advent  of  the  uniflovv  engine  has  marked  an 
advance  in  steam  engine  drive.  But  little  data  is  avail- 
able as  to  results  obtained  in  mill  practice,  but  it  ap- 
pears that  the  improvement  in  overall  economy  is  but 
a  few  per  cent  and,  in  most  cases,  does  nbt  materially 
affect  the  relative  status  of  engine  vs.  electric  drive. 
Although  the  engine  itself  is  considerably  more  effi- 
cient than  its  predecessors,  it  cannot  cause  a  material 
reduction  in  the  important  items  of  transmission  and 
standby  losses.  The  steam  turbine  also  has  seen 
marked  improvement  and,  due  to  its  extensive  use, 
there  is  reason  to  expect  that  it  will  keep  pace  with  or 
outstrip  its  competitors. 

The  economy  of  the  electrically  driven  mill  is  not 
greatly  lowered  by  operation  at  decreased  output,  such 
as  may  be  necessary  at  intervals.  Reduced  output  has 
a  material  influence  on  the  economy  of  the  engine 
driven  mill  as  the  edling  and  standby  losses  are  rela- 
tivel)'  high. 

The  efficiency  of  the  electric  generator  and  the  elec- 
tric motor  is  practically  fixed  by  the  design  and  this 
efficiency  is  closely  maintained  throughout  the  life  of 
the  apparatus.  Through  use  of  flow  meters  and  elec- 
trical meters  the  economy  of  the  prime  movers  may  be 
subjected  to  constant  close  scrutiny.  Engines  are 
subject  to  more  or  less  deterioration  and  their  economy 
is  likely  to  suft'er.  It  is  much  more  difficult  to  main- 
tain a  check  upon  their  performance  and  not  always 
feasible  to  maintain  them  in  most  effective  condition. 

Electric  motor  drive  has  proven  capable  of  equal- 
ling or  surpassing  the  steam  driven  mill  in  the  matter 
of  tonnage.  There  are  comparatively  few  electrically 
driven  mills  whose  output  is  restricted  by  the  perform- 
ance of  the  main  drive  motor.  Electric  drive  has 
proven  fully  reliable.  There  have  been  a  few  cases 
where  rewinding  of  the  motor  has  involved  several 
days  shut-down.  Aside  from  these  instances  the  de- 
lays due  to  maintenance  of  electrically  driven  mills 
have  proven  extremely  few  and  of  short  duration.  The 
cost  of  maintenance  of  the  electrical  equipment  is  found 
to  be  about  one-half  or  one-third  of  parallel  steam  en- 
gine costs. 

The  ease  and  accuracy  with  which  electric  power 
may  be  metered  renders  possible  the  accurate  deter- 
mination of  power  costs  and  the  proper  distribution 


of  expense.  V\  ith  engine  drive  a  more  or  less  arbitrary 
estimate  of  power  distribution  is  customary. 

The  electric  meter  also  assists  in  the  study  of  rolling 
methods  and  pass  design  and  has,  in  several  instances, 
proven  of  much  value  in  this  respect. 

Due  largely  to  the  ready  means  of  measurement, 
data  is  being  rapidly  accumulated  as  to  performance  of 
electric  drives  and  it  is  possible  to  forecast  quite  ac- 
curately the  result  to  be  attained. 

The  great  majority  of  electric  motors  applied  to 
driving  main  rolls  have  been  installed  at  new  mills. 
It  is  only  of  recent  date  that  motors  have  superseded 
existing  engines.  It  is  most  natural  that  a  change 
from  engine  drive  be  made  at  a  time  when  the  engine 
is  badly  deteriorated  or  when  the  boilers  require  ex- 
tensive repairs  or  when  it  becomes  advisable  to  super- 
sede the  entire  mill  with  more  modern  equipment. 
There  are  no  doubt  many  cases  where  it  will  pay  to 
supersede  existing  engines  by  motors  merely  for  the 
sake  of  economies  offered.  This  will  depend  upon  local 
conditions,  to  be  sure,  and  is  governed  largely  by  the 
type  of  existing  equipment.  It  may  be  stated  in  gen- 
eral that  it  will  prove  feasible  to  supersede  an  exist- 
ing simple,  non  condensing  engine  on  a  reversing  mill 
by  an  electric  motor.  It  may  or  may  not  be  warranted 
to  supersede  a  compound  condensing  engine.  A  bloom- 
ing mill  working  to  an  elongation  of  ten  will  likely 
consume  some  1,500  to  2,000  lbs.  of  steam  per  ton  if 
driven  by  a  simple,  non  condensing  engine.  If  a  com- 
pound condensing  engine  is  used,  the  consumption  will 
likely  be  1,000  to  1,500  lbs.  of  steam  per  ton.  The  elec- 
tric drive  will  require  j)erhaps  300  to  400  lbs.  of  steam 
per  ton  of  steel  rolled. 

It  is  not  possible  to  lay  down  general  rules  as  to 
when  existing  engine  drives  on  non  reversing  mills 
should  be  superseded  by  motors.  Each  case  deserves 
individual  consideration.  It  appears,  however,  that 
the  superior  economy  and  the  many  incidental  ad- 
vantages of  electric  motor  drive  would  justify  the 
necessary  expenditure  in  many  instances. 

The  loss  of  production  during  the  interval  neces- 
sary to  a  change  over  from  engine  to  motor  drive  may, 
in  some  instances,  be  a  serious  deterrent.  The  recent 
accomplishment  at  Steelton,  Pa.,  in  which  a  complete 
electric  reversing  drive  for  a  forty  inch  blooming  mil! 
was  installed  in  twenty-three  days,  shows  what  can 
be  done  when  necessary. 

The  practice  in  main  roll  motor  drives  appears,  in 
itself,  to  exhibit  a  trend.  Perhaps  the  most  marked 
factor  is  the  growing  popularity  of  the  adjustable  speed 
drive.  The  added  convenience  as  well  as  the  increased 
production  gained  through  adjustable  speed  provision 
has  given  impetus  to  the  adoption  of  this  type  of  equip- 
ment. 

There  appears  to  be  a  tendency  toward  the  more 
extensive  use  of  direct  current  motors  for  main  roll 
drives.  In  some  cases  this  practice  has  been  dictated 
by  the  requirement  of  very  close  speed  regulation  or 
by  the  desire  for  rapid  speed  adjustment.  However, 
even  where  no  special  requirements  exist,  the  direct 
current  motor  is  being  proposed  for  the  smaller  drives 
but  in  larger  sizes  than  heretofore. 

A  new  type  of  adjustable  speed  set,  the  frequency 
converter  system,  now  has  two  installations  to  its 
credit.  This  system  appears  meritorious  and  increased 
popularity  is  probable. 

The  high  speed  motor  or  set,  driving  through  re- 
duction gearing,  appears  to  be  gaining  in  favor.    The 
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principle  benefits  are:  lower  first  cost  of  electrical 
equipment ;  higher  efficiency  and  power  factor.  These 
benefits  are  particularly  marked  in  the  case  of  sixty 
cycle  apparatus.  The  increasing  use  of  this  frequency 
is  no  doubt  a  factor  encouraging  the  use  of  higher  speed 
motors.  The  popularity  of  the  adjustable  speed  drive 
is  also  a  contributing  factor  as  the  first  cost  of  many 
of  these  equipments  is  decidedly  influenced  by  the 
speed  selected. 

Hydraulic  drives  continue  in  use  but  their  field  is 
being  gradually  usurped  by  the  electric  motor.  The 
disadvantages  of  hydraulic  drive  are  low  efficiency, 
high  maintenance,  inconvenient  control,  freezing  and 
danger  from  molten  metal.  Hydraulic  mechanisms  are 
well  adapted  to  show  linear  motions.  The  electric 
motor   is   essentially  a  high   speed  rotary  device   and 


must  utilize  screws,  racks,  cranks,  and  perhaps  several 
gear  reductions  to  convert  to  slow  linear  movements. 

Hydraulic  cylinders  have  a  distinct  field  for  bal- 
ancing rolls  and  lifting  tables,  a  field  which  the  motor 
cannot  displace.  Hydraulic  drive  has  a  distinct  ad- 
vantage as  applied  to  shears  in  that  the  torque  is  quite 
definitely  restricted.  A  shear  equipped  with  motor 
drive  and  flywheel  is  subject  to  breakage  or  perhaps  a 
bent  shaft  if  cold  metal  is  cut,  since  protection  cannot 
be  afforded  against  the  stored  energy  in  the  flywheel. 

Hydraulic  drives  also  continue  in  use  to  some  extent 
due  to  their  prior  development.  In  some  cases  it  may 
not  pay  to  redesign  a  'machine  for  motor  drive  due  to 
the  small  demand  and  the  development  expense.  In 
this  class  may  be  mentioned  the  revolving  jib  type  ladle 
crane  used  in  some  Bessemer  plants. 


Roberts  Ovens  Successfully  Coke 

Illinois  Coals 

The  Coking  of  Illinois  Coals  With  Special  Reference  to  the  Plant 
of  the  St.  Louis  Coke  &  Chemical  Company 

By   H.  V.  PATTERSON,  Engineer 
American  Coke  and  Chemical  Company 


THE  steel  industry  has  been  called  the  l)ackbone  of 
the  country,  but  inasmuch  as  the  reduction  of  the 
original  iron  ore  cannot  be  economically  accom- 
])lished  without  the  aid  of  coke,  the  coke  industry  may 
be  called  the  spinal  cord  that  runs  through  the  backbone. 
The  developments  in  the  coking  art  are  of  paramount 
interest  to  the  men  who  are  engaged  in  the  manufacture 
of  iron  and  steel  for  new  and  better  ways  of  making 
coke  mean  a  reduction  in  the  cost  of  pig  iron,  and  this 
in  turn  is  reflected  in  the  cost  of  the  finished  steel. 

The  requirements  for  a  good  blast  furnace  fuel  are  so 
stringent  that  heretofore  only  the  best  coking  coals  of 
the  United  States  have  been  available  for  the  manufac- 
ture of  coke  that  is  to  be  used  in  the  furnace.  The  plen- 
tiful supply  of  such  coals  and  their  close  proximity  to 
the  centers  producing  iron  are  in  some  measure  respon- 
sible for  the  lack  of  development  of  methods  for  coking 
the  coals  that  are  low  in  the  constituents  that  are  con- 
sidered necessary  to  form  a  good  metallurgical  coke. 
The  coke  oven  designers  have,  therefore,  been  satisfied 
to  improve  minor  details  of  their  ovens  and  the  aux- 
iliaries, but  have  in  the  main  adhered  to  their  original 
designs  in  the  flues  and  walls  and  the  application  of 
heat  to  the  coal. 

The  operators  have  been  satisfied  with  these  designs, 
which  have  generally  been  foreign  developments  adapted 
to  American  practice,  because  nothing  better  was  offered. 
Thev  have  studied  the  various  types  of  flue  ovens  ofTered 
and  have  tried  to  improve  them,  but  it  is  generally  con- 
ceded that  the  types  now  offered  have  about  reached 
their  zenith  and  that  further  improvements  will  he  minor 
in  importance.  These  types  have  all  been  of  vast  im- 
portance in  the  development  of  the  coking  art  in  this 
country  and  therefore  have  been  of  importance  to  the 
steel   industry,   but   like   all   things   they   have   liad    their 


day  and  now  must  make  way  for  a  better  type  that  has 
a  broader  application. 

It  seems  to  be  a  truism  that  as  our  natural  resources 
begin  to  wane  in  quantity,  methods  of  using  other  re- 
sources, that  heretofore  were  considered  unusable,  will 
always  be  found.  This  is  now  true  of  the  coals  of  this 
country.  The  good  coking  coals  are  rapidly  becoming 
e.xhausted  and  it  becomes  necessary  to  utilize  the  fields 
that  produce  the  feebly  coking  coals.  The  deposits  of 
such  coals  are  enormous  and  will  be  available  for  many 
years  to  come.  The  principle  deposits  of  such  coals  that 
are  now  being  worked  occur  in  Illinois  and  Indiana 
though  many  states  further  west  contain  large  deposits 
of  coal  that  are  considered  to  be  out  of  the  coking  class. 

In  addition  to  the  gradual  disappearance  of  the 
coking  coals,  the  steel  industry  has  extended  westward 
and  the  increasing  freight  rates  have  made  it  necessary 
to  find  a  means  of  utilizing  the  coals  that  are  close  to 
the  points  at  which  the  iron  is  made.  It  has,  therefore, 
been  apparent  for  some  years  to  those  with  a  vision  of 
the  future  that  a  means  of  using  the  so-called  non-coking 
coals  must  be  developed,  and  the  engineers  concerned  in 
the  design  of  the  Roberts  oven  started  their  work  with 
the  main  idea  of  developing  an  oven  that  would  utilize 
these  coals  and  therefore  make  available  the  large  re- 
sources that  would  otherwise  be  useless  except  as  a 
domestic  or  boiler  house  fuel. 

After  a  number  of  years'  patient  work  and  the  ex- 
penditure of  large  sums  of  money,  the  eft'orts  of  these 
engineers  have  been  crowned  with  success  and  the  plant 
of  the  St.  Louis  Coke  &  Chemical  Company  at  CJranite 
City,  111.,  is  a  monument  to  their  perseverance  in  the 
face  of  apparently  unsurmountable  obstacles.  The  re- 
sults obtained  at  this  plant  have  been  even  better  than 
they  had  hoped  and  it  is  now  an  assured  fact  that  the 
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non-coking  coal  fields  are  open  to  development  with  an 
assured  outlet  for  their  product  and  the  steel  industry 
is  no  longer  dependent  on  the  rapidly  disappearing  de- 
posits of  coking  coals  in  the  east.  In  addition  to  the  open- 
ing of  the  heretofore  unused  coal  fields  of  the  west,  it 
is  also  now  possible  to  utilize  many  coals  from  the  east- 
ern deposits  that  have  never  been  considered  available  for 
the  manufacture  of  metallurgical  coke. 

It  is  unnecessary  here  to  go  into  the  history  of  the 
development  of  coke  ovens  in  general  or  the  many  de- 
signs of  the  Roberts  oven  that  were  made  and  discarded. 
It  will  be  sufficient  to  describe  the  ovens  as  installed  at 


ovens  with  a  capacity  of  2,400  tons  per  day  and  one 
blast  furnace  producing  500  tons  of  pig  iron  per  day. 

The  coke  oven  plant  designed  by  the  American  Coke 
&  Chemical  Company  has  no  radical  departures  from 
the  uSual  equipment  used  in  such  plants,  and  as  there-are 
many  descriptions  of  such  plants  it  is  unnecessary  to  go 
into  detail.  The  coal  is  brought  in  by  rail  and  unloaded 
by  means  of  a  car  dimiper.  It  is  taken  from  the  transfer 
car  either  to  stock  or  to  the  hoppers  from  which  it  is 
delivered  to  the  crusher.  From  these  it  is  taken  to  the 
hammer  mills  and  then  to  the  storage  bin. 

The  charging  of  the  ovens  is  by  an  overhead   larry 


Fig.  1 — General  view,  eighty  Roberts  Ovens,  Granite  City,  III. 


Granite  City  and  mention  the  results  that  have  been  ob- 
tained at  that  plant  when  working  on  100  per  Cent  Illinois 
so-called  non-coking  coals.  It  may  be  mentioned,  how- 
ever, that  since  some  of  the  results  at  this  plant  have 
become  known,  many  others  have  claimed  to  have  coked 
there  same  coals,  but  none  of  these  claims  has  been  sub- 
stantiated by  continuous  operation.  It  niav  be  .safelv 
said  that  the  Granite  City  plant  is  the  only  plant  in  this 
country  working  continuously  on  the  Illinois  coals  and 
producing  from  them  a  coke  that  not  only  makes  an 
ideal  metallurgical  coke,  but  that  the  blast  furnace  at  that 
plant,  when  using  this  coke,  has  made  a  record  that  has 
yet  to  be  equalled  by  any  furnace  in  this  countrv.  The 
Granite  City  plant  is  not  performing  stunts  with  one  or 
two  charges  of  coal,  but  is  daily  producing  coke  from 
the  Illinois  coals  and  this  coke  is  the  only  fuel  used  in  the 
19,000  cu.  ft.  furnace  which  is  operated  in  connection 
with  the  coke  ovens. 

The  plant  of  the  St.  Louis  Coke  &  Chemical  Com- 
pany is  located  at  Granite  City.  111.,  and  is  laid  out  for 
an  ultimate  capacity  of  3,000  tons  of  pig  iron  per  day. 
The  coke  oven  department  is  designed  for  320  ovens  with 
a  capacity  of  9,600  tons  of  coal.     The  first  units  are  80 


with  five  hoppers ;  leveling  and  pushing  is  accomplished 
in  the  standard  way.  The  gas  is  carried  off  through  one 
ascension  pipe  to  duplex  collecting  mains  from  wliich  it 
is  taken  in  foul  gas  mains  to  the  coolers. 

The  by-products  department  is  divided,  the  exhauster 
room  and  pump  room  being  under  one  roof,  but  divided 
by  walls,  and  the  ammonia  house  being  housed  sepa- 
rately. After  leaving  the  ammonia  house,  the  gas  is 
treated  for  light  oils  and  the  light  oil  equipment  is 
located  adjacent  to  the  ammonia  house,  but  not  directly 
connected. 

The  rich  gas  is  sold  to  nearby  industrial  plants  and 
part  of  it  is  pumped  about  five  miles  to  the  East  St.  Louis 
Gas  Company.  This  gas  will  run  about  590  Btu.  The 
lean  gas  is,  of  course,  used  for  heating  the  battery.  The 
lieat  value  of  the  lean  gas  is  about  517. 

As  it  is  the  ovens  that  produce  the  coke,  the  readers 
of  The  Blast  Furn.\ce  and  Steel  Plant  will  be  more 
interested  in  a  description  of  them  than  in  further  par- 
ticulars regarding  the  auxiliaries. 

The  Roberts  ovens  as  installed  at  this  plant  are  of 
the  recuperative  type  and  are  illustrated  in  the  cuts  ac- 
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companying  this  article.  The  gas  for  combustion  is  car- 
ried in  the  main  battery  header  which  occupies  a  posi- 
tion on  the  coke  side  similar  to  the  collecting  main  on 
the  pusher  side.  From  this  header  the  burner  headers 
are  taken  through  manifolds  which  are  equipped  with 
shut-off  cocks. 

The  burner  headers  are  of  cast  iron  and  are  two 
compartment,  one  side  carrying  the  primary  gas  and  the 
other  side  carrying  the  secondary  gas.  These  headers 
are  square  in  cross  section  and  the  top  is,  therefore,  fiat 
and  as  the  spaces  between  the  headers  is  tilled  in,  the 
top  of  the  battery  is  smooth  and  readily  kept  clean.  This 
is  illustrated  in  the  cut  (Fig.  3). 

The  gas  for  the  individual  burners  is  taken  from  the 
sides  of  the  headers   through   a   shut-olif   cock   specially 
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Fig.  2 — View  of  Car  Dumper. 

designed  for  this  purpose.  It  is  by  means  of  these  cocks 
and  the  disks  set  in  the  header  manifolds  that  the  close 
regulation  of  the  oven  is  attained. 

The  core  of  the  cock  is  of  cast  iron  and  each  core  is 
drilled  with  a  hole  that  is  graduated  in  size  from  the 
pusher  size  of  the  oven  to  the  coke  side.  The  reason  for 
this  graduation  is  the  taper  of  the  oven.  The  taper 
or  widening  of  the  oven  causes  a  larger  charge  of  coal 
on  the  coke  side  than  on  the  pusher  side.  This  increase 
in  charge  is  gradual  as  the  taper  is  uniform.  It  is  in 
all  ovens  necessary  to  burn  more  gas  towards  the  coke 
side  than  is  used  on  the  pusher  side  if  the  charge  is  to 
be  uniformly  coked  in  the  same  length  of  time.  Com- 
pensation for  this  increased  charge  is  difticult.  if  not  im- 
possible, in  any  type  of  oven  using  but  a  few  points  for 
the  introduction  of  the  gas  or  using  nozzles  made  of  a 
material  that  does  not  lend  itself  to  accurate  calibration. 

In  the  Granite  City  ovens,  the  core  of  the  cock,  being 
of  cast  iron  and  always  being  at  atmospheric  tempera- 
ture, is  readily  drilled  to  a  very  accurate  size  and  it  will 
maintain  this  size  under  all  operating  conditions.  There 
are  24  primary  burners  on  each  side  of  the  oven  and 
the  holes  for  the  gas  are  drilled  with  an  increasing  size 
from  the  pusher  side  to  the  coke  side.  This  increase  is 
in  exact  proportion  to  the  increase  in  the  coal  charge  in 
the  portion  of  the  oven  served  by  that  burner.  This 
means  that  the  proportioning  of  the  gas  is  accomplished 
every  21  inches  throughout  the  length  of  the  oven.    The 


same  exact  control  is  used  on  the  24  secondary  burners 
for  each  side  of  the  oven. 

The  proportion  of  the  primary  and  secondary  gas  is 
attained  in  the  same  way  by  the  use  of  disks  set  m  the 
manifolds  supplying  the  headers.  These  disks  are  drilled 
with  accurately  calibrated  holes  through  which  the  gas 
passes.  As  the  quantity  of  gas  passed  by  an  orifice  is  pro- 
portional to  the  size  of  the  opening  and  the  pressure,  the 
openings  in  the  manifold  disks  and  those  in  the  cores  of 
the  cocks  will  always  pass  the  desired  quantity  necessary 
for  the  coking  of  the  charge  in  the  desired  time.  To 
change  the  coking  time  it  is  only  necessary  to  change  the 
main  pressures  on  the  battery  and  each  header  and  each 
cock  will  perform  its  duty  without  further  attention. 

The  primary  gas  is  admitted  at  a  point  about  16  inches 
below  the  top  of  the  coal  charge.  At  this  point  it  meets 
the  preheated  air  from  the  recuperators  and  combustion 
starts.  The  air  is  under  control  with  the  same  accuracy 
as  the  gas,  as  there  is  a  slide  brick  which  regulates  the 
flow  of  the  air  through  the  air  ports.  The  quantity  of 
air  admitted  through  these  ports  is  sufficient  for  the  com- 
bustion of  both  the  primary  and  secondary  gas.  The 
primary  gas,  therefore,  meets  100  per  cent  e.Kcess  air  for 
its  own  combustion,  for  the  primary  gas  is  approximately 
one-half  the  total  gas  burned. 

The  initial  combustion  of  the  primary  gas  takes  place 
in  a  short  mixing  duct  where  the  small  amount  of  radi- 
ant heat  is  extracted.-  As  this  gas  meets  a  large  excess 
of  air,  the  llame  temperature  is  subdued  and  as  both  gas 
and  air  are  admitted  at  a  neutral  pressure,  the  combustion 
is  carried  on  quietly  and  without  the  intense  generation 
of  heat  that  is  noticed  in  other  types  of  ovens. 

Immediately  below  the  mixing  chamber  is  the  typical 
staggered  wall  construction  used  in  the  Roberts  oven. 
Here  the  stream  of  burning  gas  and  air  is  divided  :into 
three  parts  by  the  wall  brick,  and  from  this  point  tcj  the 
bottom  of  the  wall  the  burning  gases  have  a  gentle  wave 
motion  that  thoroughly  mixes  them  and  by  impingement 
on  the  body  of  the  wall  brick  the  heat  is  efficiently  and 
uniformly  extracted. 

The  secondary  gas  is  admitted  about  half  way  down 
the  wall  at  a  point  where  the  primary  gas  will  no  longer 
produce  sufficient  heat  to  carry  on  the  coking  of  the 
charge  in  the  bottom  of  the  oven.  This  secondary  gas 
is  admitted  into  an  atmosphere  of  inerts  from  the  pri- 
mary combustion  and  these  so  dilute  the  oxygen  present 
that  combustion  proceeds  quietly  and  uniformly.  This 
portion  of  the  wall  is  identical  with  the  upper  portion  and 
as  the  wall  bricks  are  practically  entirely  surrounded  by 
the  burning  gases  the  extraction  of  heat  from  them  is 
continued  with  the  same  high  efficiency. 

After  leaving  the  wall,  the  waste  gases  from  the 
two  sides  are  combined  in  one  flue  that  passes  under  the 
sole  of  the  oven.  By  this  method,  sufficient  heat  is  pro- 
duced to  coke  the  sole  of  the  oven  in  a  vertical  direction. 
This  produces  an  ideal  surface  on  the  bottom  of  the 
charge  for  pushing.  From  the  sole  flue  the  waste  gases 
pass  into  the  recuperator  which  is  composed  of  flues  for 
the  passages  of  the  waste  gases  and  around  which  passes 
the  air  that  is  to  be  preheated.  After  leaving  the  re- 
cuperators, the  air  passes  up  through  ducts  left  in  the 
separating  wall  that  occurs  between  each  oven. 

The  waste  gases  pass  from  the  recuperator  into  an 
otTtake  that  connects  to  the  main  waste  gas  flue  and 
thence  to  the  stack.  The  offtakes  are  provided  with  but- 
terfly valves  that  control  the  draft  to  each  oven.  In  addi- 
tion to  this  valve  there  are  slide  dampers  in  each  sole 
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flue  that  aid  in  maintaining  the  proper  distribution  of 
draft  through  the  oven  walls. 

The  air  is  carried  to  each  oven  through  a  series  of 
six  tunnels  that  are  incorporated  in  the  concrete  pad 
under  the  battery.  By  using  this  method  of  air  intro- 
duction, the  concrete  pad  is  maintained  at  approximately 
atmospheric  temperature  and  can  never  become  over- 
heated, expanded  and  cracked,  a  condition  that  has 
harmed  many  batteries  heretofore  built. 

The  entire  operation  of  the  ovens  is  extremely  sim- 
ple and  unless  there  is  a  radical  change  in  coking  time 
the  daily  attention  of  the  heater  is  confined  to  observance 
of  the  main  pressures  and  as  these  are  under  control 
by  governors  there  is  very  little  for  the  heater  to  do.  If 
the  coking  time  is  not  changed,  the  heater  merely  raises 
or  lowers  the  main  pressures  to  admit  the  required 
amount  of  gas  for  the  coking  time  decided  upon  and  the 
oven  will  quickly  respond  and  continue  to  function  with 
the  same  efficiency  on  the  new  coking  time. 

It  is  not  within  the  province  of  this  paper  to  go  into 
the  coking  qualities  of  the  different  coals  or  discuss  the 
properties  that  make  a  coking  coal.  It  is  sufficient  to 
.state  that  the  designers  of  this  oven  have  studied  the 
action  of  the  various  coals  and  formed  the  opinion  th.at 
the  low  grade  coals  of  Illinois  could  be  successfulh' 
coked  if  the  heat  was  applied  rapidly  and  uniformly 
throughout  the  charge  in  the  oven.  That  their  theories 
were  in  part  correct  is  evidenced  by  the  results  obtained 
in  the  Granite  City  plant  which  has  now  been  operating 
for  over  a  year  and  a  half  on  the  coals  from  Illinois 
and  from  them  is  making  a  coke  of  such  superior  aual- 
ity  that  the  blast  furnace  is  breaking  all  previous  records 
for  sustained  operation  with  the  minimum  of  coke  per 
ton  of  iron  produced. 

The  application  of  heat  in  the  Roberts  oven  is  uni- 
form throughout  the  entire  wall.  There  is  but  one  shape 
in  the  main  heating  wall  and  this  one  brick  forms  both 
sides  of  the  heating  chamber.  This  brick  is  best  de- 
scribed as  a  solid  brick  with  the  sides  and  top  so  cut 
away  that  when  two  or  more  are  laid  together  there  is  a 
space  for  the  passage  of  the  burning  gases  between  the 
ends  which  are  left  the  size  of  the  original  block.  This 
is  readily  understood  from  the  drawings.  The  brick  are 
so  laid  in  the  wall  that  the  spaces  in  one  tier  are  directly 
over  the  center  of  a  brick  in  the  tier  below.  This  gives 
the  gases  a  wave  motion  as  they  pass  downward  in  the 
wall  and  the  intimate  mixture  of  the  combustibles  is  as- 
sured by  this  wave  motion  and  the  impingement  on  the 
necks  of  the  brick. 

The  ends  which  form  the  sides  of  the  combustion 
space  are  but  three  inches  thick  and  there  is,  therefore, 
but  three  inches  of  brick  interposed  between  the  burning 
gases  and  the  coal  charge.  The  center  portions  of  the 
brick,  however,  form  a  series  of  studs  that  give  to  the 
wall  the  strength  of  a  solid  structure.  The  wall  is,  there- 
fore, at  once  the  thinnest  and  the  strongest  that  has  ever 
been  designed. 

Another  factor  that  adds  to  the  efficiency  of  the  heat- 
ing is  the  large  surface  exposed  to  the  heating  gases. 
This  surface  is  two  and  one-half  times  the  area  of  the 
surface  disposing  the  heat  to  the  coal  charge.  The  result 
is  that  the  transmission  of  heat  to  the  coal  is  carried  on 
at  a  very  rapid  rate  and  as  all  parts  of  the  walls  are  uni- 
form in  construction,  this  distribution  of  heat  will  be 
uniform  throughout  the  entire  wall.  The  gases  intro- 
duced at  the  primary  and  secondary  burners  are  also 
accurately  proportioned  and  this  in  connection  with  the 
continuous  flow  of  the  combustibles  in  one  direction 
without  reversing  or  cessation  for  any  cause,  forms  the 


most  efficient  and  uniform  heating  medium  ever  de- 
veloped for  carbonizing  coal.  This  has  all  aided  in  solv- 
ing the  much  desired  coking  of  the  low  grade  coals  from 
Illinois  and  other  states. 

The  normal  charge  in  the  ovens  as  installed  at  Gran- 
ite City  is  15  tons,  and  this  charge  has  been  coked  in  as 
low  as  12  hours  over  continuous  periods.  This  gives  a 
capacity  per  oven  per  day  of  30  tons,  the  largest  that 
is  known  today.    The  coking  time  of  the  ovens  has  been 


Fig.  3— View  of  tops  of  80  Roberts  Ovens,  Granite  City,  IlL 

varied  from  this  up  to  24  or  more  hours  with  the  same 
results — a  perfect  metallurgical  coke.  The  coking  time 
has  also  been  changed  as  much  as  four  hours  within  a 
period  of  36  hours  and  it  is  not  known  that  any  other 
oven  will  show  this  flexibility  without  injury  to  the  walls. 
The  Roberts  wall  is  so  keyed  together  and  is  so  strongly 
built  that  great  variations  in  temperature  are  met  with- 
out difficulty. 

The  average  analysis  of  the  coals  used  during  two 
months  of  this  year  are  as  follows : 

Moisture    8.067o 

Volatile   34.51 

Ash    9.35 

Sulphur  1.38 

The  coke  averaged — 

Moisture   4M'/o 

Volatile  2.47 

Ash    13.06 

Sulphur  1.13 

The  yield  of  coke  has  been  well  over  70  per  cent  and 
the  loss  from  breeze  has  averaged  about  3.4  per  cent. 
This  is  interesting  as  showing  the  high  grade  of  coke  pro- 
duced in  this  oven,  as  it  has  generally  been  found  that 
the  high  volatile  coals  when  coked  in  other  ovens  pro- 
duced a  large  percentage  of  breeze. 

The  tar  has  been  about  8  gallons ;  ammonia,  as  sul- 
phate, 25  to  28  pounds.  The  gas  yield  has  averaged 
10,250  cu.  ft.  with  a  heating  value  of  595  for  the  rich 
and  517  for  the  lean.  The  quality  of  the  by-products 
from  the  Illinois  coals  is  comparable  to  that  from  other 
coals.  The  yield  of  gas  is  perhaps  not  as  high  as  might 
be  expected  from  the  volatile  matter  in  the  coal,  but  this 
is  true  of  many  of  the  high  volatile  coals  that  are  within 
the  reach  of  other  systems  of  coking. 
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niere  is  another  interesting  point  that  is  well  known 
to  those  who  have  experimented  with  the  Illinois  coals 
and  .that  is  the  quantity  of  heat  necessary  to  coke  them.  It 
is  always  found  that  the  addition  of  Illinois  coals  to  a 
mixture  will  at  once  run  up  the  quantity  of  fuel  gas.  It 
is  an  inherent  quality  of  this  coal  that  it  requires  more 
heat  to  form  it  into  coke  than  do  the  strongly  coking 
coals  from  the  eastern  states.  It  naturally  follows  that 
those  who  use  the  Illinois  coals  will  jirodnce  a  lower  (|uan- 
tity  of  surplus  gas. 

This  was  w-ell  illustrated  in  a  ])lant  during  the  war 
when  they  were  compelled  to  use  Illinois  coal,  as  the 
eastern  coals  were  not  available  during  that  ]jeriod.  This 
plant  has  two  well  known  systems  of  ovens  and  as  they 
operate  as  a  gas  company  they  were  compelled  to  make 


furnace  coke  is  very  high  and  the  quality  of  the  coke 
is  so  exceptional  that  furnace  operators  who  have 
watched  the  operation  of  the  furnace  declare  it  to  be  the 
finest  fuel  they  have  ever  seen. 

The  furnace  is  19,000  cu.  ft.  capacity  and  was  de- 
signed by  I'^reyn.  Brassert  &  Company  of  Chicago.  It 
has  been  in  operation  for  the  same  length  of  time  as 
the  ovens  except  for  a  short  period  last  year  when  it 
was  banked.  The  furnace  has  operated  over  extended 
periods  (two  months  or  more)  with  a  production  of  515 
tons  of  pig  iron  per  day  with  the  consumption  of  only 
1785  pounds  of  coke  per  ton  of  iron  produced.  A  high 
percentage  of  the  ores  used  are  very  refractory  and  yet 
the  top  temperature  runs  as  low  as  264  dcg.  {•".  The  flue 
dust  has  been  less  than  90  pounds,  and  hanging  and  sli])- 
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Fig.  4 — Longitudinal  Section  through  oven. 

gas.     Thev  used  Illinois  coals  and  succeeded  in  driving  ping  arc  almost  unknown,  due  to  the  fact  that  the  zone 

otT  the  volatile  matter  from  the  coal,  but  did  not  make  of  fusion  is  confined  to  the  bosh  of  the  furnace  instead 

any  saleable  coke.     They  at  once  found  that  the  produc-  of  extending  upward  into  the  shaft.     It  is  remarkable 

tion  of  gas  was  comparable  to  that  from  the  eastern  coals.  to  look  in  the  tuyeres  of  the  furnace  and  see  the  coke 

but  that   an   exceptionally  large  percentage   of   this  gas  flying  around  amid  the  drops  of  melted  iron, 

was  re(|uired  to  heat  the  ovens.    .As  they  had  been  operat-  jh^  analvsis  of  the  furnace  gas  is  about  as  follows 

ing  on  the  eastern  coals  for  some  years,  the  ojiportunity  .j^f]  j^  evidence  of  fuel  economv : 
for  comparison  was  admirable.     They  were  very  glad  to 

be  able  to  return  to  the  eastern  coals  at  the  end  of  the  CO„    14.1  ^ci 

war.     However,  the  high  heats  necessary  in  the  attempt  CO    24. .1 

to  use  the  Illinois  coals  in  those  types  of  ovens  practically  Ho    3.2 

destroyed  them  and  they  have  since  turned  to  water  gas  CH^    _   .2 

as  a  solution  of  their  difficulties.  -^'i-    ■  ■  •  • ^°0 

Part  of  the  coke  made  at  the  Granite  City  plant  is  Ratio                                                    1  72 

used  in  the  blast  furnace  and  part  is  sold  for  various  in-  '                              CCX 

dustrial  purposes  and  for  domestic  use.     The  yield  of  Btu 92 
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The  furnace  superintendent  has  admirably  summed 
up  the  superior  qualities  of  the  coke  produced  by  the 
Roberts  oven  from  the  Illinois  coals  as  follows : 

1.  Absence  of  cross  fracture,  combined  with  uni- 
formity of  size. 

2.  Uniformity  of  cell  structure. 

3.  Tough  cell  structure,  permitting  a  heavy 
burden. 

4.  High  speed  of  combustion — approaching  that 
of  charcoal. 

5.  Concentration  of  heat  of  combustion  in  hearth, 
where  it  can  be  used  most  economically. 

6.  Low  transfer  of  hearth  heat  to  shaft. 

7.  Low  top  temperature — longer  contact  of  the 
ore  with  reducing  gas,  which  means  maximum  stack 
efficiency. 

8.  Lean  waste  gas  analysis,  low  thermal  loss. 

9.  Low  flue  dust  loss — more  regular  settling  and 
lower  gas  velocity. 

10.     High  production  with  low  fuel  consumption. 

The  proof  of  the  results  of  the  Roberts  ovens  is  in 
the  furnace  which  is  operating  on  the  coke  produced  in 
those  ovens.  There  has  been  something  done  that  was 
not  done  before,  and  an  outlet  for  the  Illinois  coals  has 
been  provided  and  the  steel  industry  has  been  aided,  for 
it  is  now  possible  to  use  coal  that  is  produced  near  some 


of  the  large  steel  plants  located  in  the  west. 

While  this  discussion  has  been  entirely  on  the  results 
produced  from  the  Roberts  ovens  when  operating  on 
Illinois  coals,  it  is  well  to  state  that  they  have  also  been 
operated  on  some  of  the  high  volatile  coals  from  Penn- 
sylvania. The  results  when  using  the  eastern  coals  were 
what  might  be  expected.  The  coking  time  was  lowered 
without  burning  any  more  gas.  showing  that  the  eastern 
coals  require  less  gas  to  form  them  into  coke  than  do 
the  Illinois  coals.  The  coke  was  extremely  uniform  in 
size  and  the  percentage  of  breeze  and  small  sizes  was 
unusually  small.  This  is  not  surprising,  for  an  oven 
that  will  produce  such  high  results  from  the  feebly  cok- 
ing coals  would  be  expected  to  do  much  better  on  the 
well  known  coking  coals. 

The  summary  of  this  is : 

That  a  new  method  of  coking  coals  has  been  de- 
veloped that  will  produce  more  and  better  coke  than  any 
of  the  older  systems. 

That  the  production  capacity,  per  dollar  invested,  is 
higher  than  any  other  system. 

That  the  operating  costs  of  both  ovens  and  blast  fur- 
naces may  be  reduced ;  and  finally, 

That  a  new  field  of  coals  that  heretofore  could  not 
be  used  have  now  been  made  available  to  the  steel  indus- 
try, and  furnaces  will  be  assured  of  a  higher  grade  of 
fuel  than  thev  have  ever  used. 


The  Manufacture  of  Light  Steel  Castings 

Discussion  Covering  the  Practical  Experiences  of  the  Author  in 
a  General  Jobbing  Steel  Foundry  Where  Castings  from  a  Few 
Ounces  Up  to  Fourteen  Tons  in  the  Rough  Are  Made. 

By  H.  BRADLEY* 


IX  this  paper,  which  has  reference  to  the  ])ractice  of 
light  steel  castings,  any  reference  to  academic  or  lab- 
oratory practice  has  been  purposely  omitted.  It  is 
dealt  with  from  the  author's  practical  experience  of  a 
general  jobbing  steel  foundry,  making  all  classes  of  steel 
castings  from  a  few  ounces  up  to  14  tons  in  the  rough, 
and  with  metal  of  carbon  content  varying  from  0.08  to  1 
per  cent  and  over,  and  additionally  in  chrome  and  man- 
ganese steels. 

The  Plan  of  the  Foundry. 

To  run  a  foundry  successfully,  the  largest  output  with 
the  minimum  amount  of  handling  must  be  attained.  To 
carry  out  this  successfully,  the  shop  should  be  planned 
for  the  pattern  to  enter  at  one  end  (where  there  should 
be  shelves  or  i>ockets  to  receive  it)  and  the  core  boxes 
with  card  attached,  with  works  order  number,  descrip- 
tion, and  quantity  off.  The  card  is  ruled  at  back,  so 
that  each  day's  cast  may  be  entered  thereon.  When  the 
pattern  and  core  boxes  are  given  to  the  molder  the  card 
should  have  the  man's  check  number  marked  on,  together 
with  the  date. 

When  possible  there  should  be  a  separate  bay  for  dry 
sand   molds.      The   work    for   dry   sand   should   be   com- 


♦Institution    of    British    Foundrymen,    Birmiiighaui     Confer- 
ence, 1922. 


menced  at  the  end  of  the  shop,  then  carried  down  to  the 
drying  ovens,  then  to  the  closing  and  casting  floor,  where 
the  molds  should  be  arranged  in  straight  lines,  and  all 
runner  bushes  should  be  as  near  one  height  as  possible, 
so  as  to  avoid  hoisting  or  lowering  the  ladle.  The  steel 
plant  should  then  be  fixed  as  near  as  convenient,  utiliz- 
ing the  floor  nearest  to  it  for  the  green-sand  molds,  as 
these  are  generally  of  the  lightest  section  of  castings, 
and,  therefore  require  the  steel  when  in  its  most  fluid 
state,  to  avoid  short  or  faint-run  castings. 

When  the  steel  is  a  little  on  the  stiff  side  it  can  be 
used  for  the  thicker  section  castings.  The  boxes,  after 
casting,  should  then  pass  on  a  little  further  to  be  knocked 
out  and  examined,  and  a  note  taken  of  the  good  and  de- 
fective castings  and  recorded  on  the  back  of  the  above- 
mentioned  card.  When  the  job  is  completed  the  card 
should  then  be  handed  in  to  the  foundry  office,  the  cast- 
ings going  forward  to  the  cleaning  or  dressing  shop, 
which  should  be  at  right  angles  to  the  molding  shop,  with 
tram  lines  running  from  one  to  the  other. 

The  fettling  or  dressing  shop  should  be  equipped  with 
shot-blast  plant,  oxy-acetylene  burning  plant,  and  both 
circular  and  band  saws,  according  to  size  and  class  of 
work  and  output.  The  catsings  should  then  go  to  the  ma- 
chine shop  and  dispatch  shed. 
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The  Making  of  Castings. 

The  first  thing  to  consider  is  the  pattern  making, 
which  depends,  lirstly,  on  the  quantities  of  castings  re- 
quired from  each.  A  good  wood  pattern  will  withstand 
the  making  of  500  castings  from  it,  either  by  hand  or 
machine.  If  repetition  work  is  carried  out.  then  either 
brass  or  white-metal  patterns  are  necessary,  which  should 
be  on  the  machine  for  small  castings.  The  author  pre- 
fers the  hydraulic  machine  for  boxes  up  to  24  in.  round 
or  square,  and  for  deep-lift  patterns  the  roll-over  ma- 
chine. !<"or  anything  over  24  in.  the  jarring  machine  can 
be  used  to  better  advantage. 

The  diiTerence  in  making  a  pattern  for  machine  mold- 
ing and  hand  molding  is  that  it  is  always  necessary  to 
fix  coreprints  to  the  pattern  for  the  former  under  any 
parts  that  are  undercut,  as  the  sand  is  jarring  down- 
wards, therefore,  it  naturally  falls  away  from  the  under- 
side of  any  projecting  part. 

Tackle — The  boxes  should  be  strong,  light,  and  made 
of  steel.  They  should  all  be  interchangeable  according 
to  the  various  sizes  either  for  hand  or  machine.  The 
double  lug  box  is  best,  giving  a  truer  alignment.  The 
double  lug  can  be  either  a  slot  and  hole  or  two  holes. 

For  patterns  with  small  quantities  off  and  intricate 
joint,  a  plaster  oddside  should  be  made,  as  they  are  easy, 
cheap,  and  durable. 

For  large  orders  or  repetition  work,  machines  are  a 
necessity.  They  do  good  in  two  ways,  i.  e.,  by  reducing 
costs,  and  increasing  output  on  the  jobs  they  are  work- 
ing. They  also  speed  the  work  up  generally  in  the  shop. 
Two  boys  working  a  machine  with  boxes  10  in.  by  10  in. 
by  4J-2  in.  have  produced  180  complete  molds  in  the  day 
with  from  two  to  four  cores  in  each.  Two  youths,  17 
to  18  years  of  age,  have  produced  62  molds,  18^  in. 
high  by  16  in.  by  5  in.  deep,  painted  and  blacked.  The 
quantities  vary  according  to  size  of  boxes  and  design 
of  castings.  To  get  the  full  advantage  from  the  larger 
machine  it  is  essential  there  should  be  an  electric  crane 
specially  for  its  use. 

For  large  quantities  of  light  castings  the  Tropenas 
vessel  or  electric  furnace  are  to  be  recommended. 

To  insure  sound  steel  castings  it  is  essential  to  have 
in  the  first  place  a  good  steel,  that  is,  steel  containing 
the  correct  composition  for  the  work  required,  and  prop- 
erly "killed,"  in  order  to  ensure  it  lying  quietly  in  the 
mold.  It  is  also  essential  that  the  sand  be  suitable;  if 
being  used  green,  it  should  have  just  the  correct  moist- 
ure, and  just  sufficient  bond  to  work  it.  Sand,  in  the  i'rst 
place,  should  always  be  dried  before  milling  in  order  to 
get  the  required  moisture  by  adding  water,  and  the  neces- 
sary binding  material.  The  author  prefers  to  use  the 
natural  sands  whenever  possible.  The  sands  generally 
used  in  England  for  steel  castings  are  Belgian  loam, 
used  either  by  itself  or  with  a  small  amount  of  silver 
sand,  cornish  loam  with  silver  sand,  and  Yorksiiire  sand 
with  silver  sand.  Of  the  three  mentioned,  the  author 
prefers  Yorkshire,  as  it  is  easy  to  work,  is  tough,  but 
not  too  close,  gives  a  good  skin  on  either  dry  or  ^roen- 
molded  castings,  and  does  not  cake  in  the  mill  as  much 
as  the  first  two.  For  cores,  the  author's  practice  is  to 
mix  eight  parts  of  silica  to  one  of  Yorkshire  and  up  to 
4  to  1  for  molds,  varying,  of  course,  according  to  weight 
and  design. 

Running  and  Feeding. 

Where  possible  the  best  system  is  bottom  runners, 
and  in  one  of  the  thinner  sections  of  the  casting.  Care- 
ful judgment  is  required  for  feeding  heads  to  have  the 
required  size  and   in  the  right  place  in   order  to  get  a 


solid  casting  and  avoid  wasting  steel. 

Very  soon  after  casting  all  runners  and  feeding 
heads  should  be  released  so  as  to  enable  the  contraction 
to  take  place  and  avoid  having  a  pull  in  the  casting. 

When  the  pattern  is  made,  it  should  in  the  first  place 
be  taken  into  consideration  as  to  whether  the  casting  is 
to  be  made  green  or  dry,  and  the  decision  generally  ar- 
rived at  is  based  on  how  much  machining  is  to  be  done 
on  the  casting,  and  whether  the  difference  in  the  two 
methods  of  molding  is  worth  the  risk  of  making  an  un- 
sound casting  by  making  it  in  green  sand.  A  further 
consideration  depends  upon  design  of  the  casting.  In 
such  cases  it  is  essential  to  make  it  green  to  allow  for  the 
contraction  strains  taking  place  and  preventing  the  cast- 
ing pulling  into  pieces.  In  some  cases  the  weight  and 
design  nnist  be  taken  into  consideration  in  deciding  these 
points.  If  there  is  no  danger  of  the  casting  pulling  with 
a  dry-sand  mold  owing  to  design,  it  is  always  safer  to 
produce  a  sound  casting  from  dry-sand  work  than  from 
green-sand  work,  owing  to  the  properties  of  the  steel 
used  for  casting.  Of  course,  there  are  many  ditTerent  de- 
signs of  castings  to  be  contended  with,  and  the  greatest 
trouble  given  to  a  steel  foundry  manager  is  often  caused 
by  the  designer  not  having  had  any  steel  foundry  prac- 
tice. To  produce  good,  sound  steel  castings  it  should 
always  be  the  aim  to  have  the  thicknesses  of  the  metal  as 
much  alike  as  possible.  Wherever  thick  or  bulky  pieces 
of  steel  are  joined  together  with  lighter  sections,  means 
have  always  to  be  foimd  (if  the  design  cannot  be  altered) 
to  overcome  the  difficulties  encountered.  This  can  be 
achieved,  either  by  using  chills  or  causing  the  thick  por- 
tion to  freeze  approximately  at  the  same  time  as  the 
thinner  sections.  In  some  cases,  however,  a  reinforce- 
ment is  used,  but  this  is  not  always  a  wise  policy,  owing 
to  the  possibility  of  a  mishap,  after  the  casting  is  put  to 
work,  disclosing  the  reinforcement  in  any  fracture.  Nat- 
urally, the  blame  would  straightaway  be  put  down  to 
this  method.  This  can  be  further  illustrated  by  a  large 
mill  pinion  casting  of,  say,  2  ft.  6  in.  tooth  face  by  3  ft. 
diameter  in  the  tooth  portion,  reduced  down  to,  say,  18 
in.  or  so  on  the  neck  portion.  The  best  method  of  pro- 
ducing this  class  of  casting  is  to  have  it  cored  out.  At 
times,  however,  it  is  found  that  engineers  object  to  this 
method  of  coring  out.  They  state  they  must  have  a  solid 
casting.  In  order  to  meet  their  views,  as  far  as  possible 
(which  steel  founders,  of  course,  have  to  do),  it  is  en- 
deavored to  produce  a  solid  casting.  This,  however,  is 
an  impossibility  without  some  method  of  reinforcement, 
as  it  is  impossible  to  feed  the  bod)^  portion  of  the  cast- 
ing of  the  dimensions  mentioned,  through  the  size  of  the 
neck  and  the  wobbler.  Therefore,  the  method  of  rein- 
forcement has  to  be  used.  This  is  accomplished  by  put- 
ting in  what  is  called  locally,  a  "dummy,"  sufficiently 
large  to  prevent  the  pipe  right  through  the  top  neck  and 
wobbler,  which  would  take  place  unless  something  of 
this  description  was  carried  out. 

Again  in  the  case  of  hydraulic  cylinders,  in  most 
steel  foundries,  there  does  not  seem  to  be  any  set  way 
in  which  to  cast  them.  This  is  done,  either  mouth  down- 
wards or  upwards,  but  in  any  case  there  should  be  taken 
into  consideration  the  location  of  the  large  bulk  of  the 
steel  and  the  best  means  of  feeding  it.  As  will  be  real- 
ized, it  is  necessary  to  feed  all  steel  castings  from  the 
head.  In  iron  foundries,  a  wrought  iron,  or  mild  steel 
feeding  rod  is  used,  and  small  shanks  of  metal  are  poured 
in  time  after  time  until  it  is  set.  This  method  cannot  be 
adopted  in  a  steel  foundry,  as  it  would  pull  out  the  steel 
instead  of  causing  ti  to  become  more  solid  as  in  the  case 
of  iron  castings. 
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Fire  Hazards  in  Plants  Using  Pulverized 

Coal 

The  Writer  Cites  Various  Cases  Where  Fires  and  Explosions 
Originated  from  the  Improper  Handling  of  Pulverized  Coal — 
Many  Hazards  Connected  to  the  Apparatus  Used  for  Pulverizing. 

By  L.  D.  TRACY* 
Coal  Mining  Engineer,  U.  S.  Bureau  of  Mines 


SOME  one  has  said  that  the  best  way  to  fight  fires 
is  to  prevent  them,  and  it  is  along  the  line  of  fire 
prevention  rather  than  fire  fighting  that  this  paper 
has  to  deal,  for,  after  afl,  a  fire  in  a  building  in  which 
pulverized  coal  is  being  used  is  not  fought  differently 
than  a  fire  under  similar  circumstances,  but  omitting 
the  coal  dust.  There  are  perhaps  one  or  two  additional 
dangers  which  will  be  mentioned  later. 

The  hazard  in  pulverized  coal  lies  in  its  ability  to 
start  trouble  so  that  the  principal  function  of  the  heads 
of  a  fire  department  in  that  connection  would  seem  to 
be  to  rigidly  inspect  plants  in  which  this  type  of  fuel 
is  used  and  to  impress  upon  the  owners  and  operating 
force  the  absolute  necessity  of  keeping  to  the  minimum, 
conditions  which  would  tend  to  cause  and  ignite  a 
cloud  of  coal  dust. 

It  will  be  noticed  that  the  term  "cloud  of  coal  dust" 
is  used.  Pulverized  coal  in  bulk  is  not  especially 
hazardous  but  as  soon  as  it  is  raised  into  a  cloud  and 
mixed  with  air  it  becomes  as  dangerous  as  an  uncon- 
fined  body  of  gas. 

It  takes  only  a  small  quantity  of  coal  dust  per  cubic 
foot  of  air  to  cause  a  very  explosive  mixture.  In  tests 
by  the  Bureau  of  Mines  a  mixture  of  0.032  of  an  ounce 
of  Pittsburgh  Coal  dust  per  cubic  foot  of  air  has  been 
sufficient  to  cause  an  explosion  when  brought  in  con- 
tact with  a  flame.  Perhaps  this  can  be  better  under- 
stood when  it  is  realized  that  all  that  is  needed  to  pro- 
duce such  an  explosion  is  the  amount  of  coal  dust  that 
can  be  held  on  a  silver  quarter  of  a  dollar  mixed  with 
the  air  contained  in  a  12  in.  x  12  in.  x  12  in.  box  and 
this  mixture  brought  in  contact  with  an  open  light. 

As  an  illustration  of  what  such  a  combination  of 
dust  cloud  and  open  lights  may  do,  the  fire  in  a  coal 
crushing  plant  connected  with  one  of  the  steel  mills 
in  the  Pittsburgh  District  may  be  cited.  This  was  a 
very  simple  plant  used  for  crushing  lump  coal  for  auto- 


*Published  by  permission  of  Director  of  U.   S.  Bureau  of 
Mines. 


matic  stokers  at  the  boiler  plants.  The  coal  was 
dumped  from  the  railroad  cars  into  a  small  hopper 
which  fed  by  gravity  into  the  crusher.  From  the 
crusher  the  coal  dropped  through  a  chute  to  the  foot 
of  an  elevator  by  which  it  was  elevated  to  a  small  bin, 
from  whence  it  was  delivered  to  railroad  cars  on  a 
track  depressed  some  20  feet  below  the  upper  tracks. 
The  elevator  was  partly  closed  on  three  sides,  but  at 
the  foot  it  was  open  on  the  side  toward  the  depressed 
track. 

As  the  coal  was  dry  a  cloud  of  dust  surrounded  the 
plant  during  the  crushing  operation. 

Early  one  morning  the  chutes  became  clogged  com- 
pelling the  crusher  to  shut  down.  Half  an  hour  later 
five  men  went  to  the  foot  of  the  elevator  to  clean  the 
chute.  For  lighting  the  elevator  shaft,  when  such 
clogging  occurs,  there  are  two  incandescent  lamps,  at- 
tached to  a  wooden  cross-pipe  and  connected  by  a 
flexible  rubber  covered  wire,  to  the  regular  lighting 
circuit  on  the  platform.  These  lights  were  lowered 
when  the  men  went  below  the  platform,  but  to  pro- 
vide additional  light,  one  of  them  carried  a  lighted 
torch ;  a  strong  wind  was  blowing  which  extinguished 
the  torch  light. 

It  was  stated  that  the'  last  man  could  barely  have 
reached  the  bottom  of  the  elevator  when  there  was  a 
burst  of  flame  which  killed  three  men,  badly  burning  a 
fourth  who  died  a  few  hours  later  at  the  hospital  and 
painfullv  burning  a  fifth,  who  recovered.  The  cause  of 
this  accident  was  supposed  to  have  been  the  lighting 
of  a  match  in  order  to  relight  the  torch  and  bv  doing 
so  ignited  the  dust  cloud  at  the  foot  of  the  elevator. 

.\bout  a  vear  ago  the  writer  was  requested  bv  the 
officials  of  one  of  the  largest  steel  companies  in  Pitts- 
burgh to  look  over  part  of  the  plant  handling  the  coal 
for  their  by-product  ovens.  The  buildings  -Were  of  in- 
flammable' construction  and  covered  with  fine  coal 
dust  and  as  a  result  of  this  inspection  the  Bureau  in- 
vited a  number  of  the  Foremen  of  the  mill  to  the  Ex- 
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perimental  Mine  of  the  Bureau  to  witness  a  demon- 
stration of  the  inflammability  of  powdered  coal.  A 
large  funnel  was  connected  to  a  compressed  air  line 
and  a  short  distance  away  a  piece  of  burning  waste 
was  placed  on  a  small  rod  driven  into  the  ground.  The 
air  was  turned  on,  raising  the  coal  dust  into  a  cloud 
which  was  blown  across  the  burning  waste. 

.•\nothcr  form  of  coal  dust  which  is  exceedingly 
dangerous  and  to  which  perhaps  too  little  attention  is 
paid  is  the  dust  coming  from  small  heating  furnaces  in 
which  pulverized  coal  is  used  as  fuel.  These  furnaces 
are  comparatively  small  and  are  used  principally  to 
heat  bars  and  rods  for  small  forgings,  nuts,  bolts,  etc. 
They  are  sonicwhat  like  the  old  style  blacksmith  forge, 
having,  generally,  a  hood  over  the  fire  to  carry  away 
the  fumes.  The  pulverized  coal  is  shot  in  under  pres- 
sure and  sometimes  all  of  it  is  not  completely  burned 
and  goes  off  into  the  surrounding  atmosphere  as  float- 
ing dust  which  finally  settles  all  over  the  platforms 
around  the  furnaces,  the  beams  and  girders  of  the 
buildings  and  any  other  place  upon  which  it  can  lodge. 

The  writer  made  an  investigation  of  a  plant  in 
which  this  condition  existed  and  found  this  kind  of  dust 
all  over  the  building.  Samples  were  taken  and  an- 
alyzed. Many  of  these  samples  were  not  much  dif- 
ferent than  a  poor  grade  of  pure  coal. 

Now  as  to  the  effects  of  such  dust  when  looked 
upon  from  the  viewpoint  of  a  fire  hazard.  Let  us  take 
the  case  of  a  fire  at  the  Burden  Iron  Works,  Troy, 
N.  Y.  This  plant  contained  about  80  puddling  fur- 
naces about  one-fourth  of  which  were  using  powdered 
coal  as  fuel.  In  front  of  each  puddling  furnace  was  a 
one-ton  steel  bin  which  was  filled  with  powdered  coal 
by  means  of  a  screw  conveyor.  From  the  bottom  of 
the  hopper  the  pulverized  fuel  dropped  into  a  small 
screw  conveyor  by  which  it  was  fed  into  the  burner. 

The  building  proper  was  of  ordinary  mill  construc- 
tion with  heavy  wooden  trusses.  It  was  stated  that 
these  trusses  were  thickly  covered  with  dust,  as  the 
flat  surfaces  were  of  comparately  large  area. 

On  the  night  of  the  fire  the  coal  dust  was  leaking  in 
small  quantities  from  one  of  these  bins  and  falling  on 
the  floor.  All  the  doors  in  the  side  walls  of  the  build- 
ing were  open  and  puffs  of  wind  blew  little  clouds  of 
coal  dust  in  front  of  the  furnace.  As  the  operator  was 
pulling  a  heat,  some  of  this  dust  came  in  contact  with 
the  hot  slag  and  was  immediately  ignited.  Instantlv 
there  was  a  flash  and  the  resulting  flame  reached  up 
into  the  roof  trusses.  So  quickly  did  the  whole  roof 
become  ablaze,  that  the  men  had  to  drop  their  tools  and 
run  for  their  lives. 

.•\  rather  peculiar  accident  happened  in  one  of  the 
Pittsburgh  steel  mills.  At  one  point  in  the  building 
was  an  electric  switch  so  situated  that  dust  could 
settle  between  the  poles.  One  Sunday  when  the  mill 
was  shut  down,  sufficient  dust  had  accumulated  to 
form  a  short  circuit  and  as  a  result  a  whole  panel  of 
the  switchboard  in  the  power  house  was  burned  out. 

The  incidents  which  I  have  mentioned  were  prac- 
tically all  due  to  the  dusty  and  unclean  condition  of 
the  buildings. 

There  are  some  hazards  however  which  are  more 
or  less  connected  with  the  apparatus  used  in  pulver- 
izing the  coal  and  delivering  it  to  the  point  of  con- 
sumption. .And  while  it  is  true  that  the  reduction  of 
the  fire  and  explosion  risks  rests  largely  with  those 
operating  the  plant  in  question,  vet  much  can  be  done 


through  proper  inspection  by  well  informed  authorities 
having  proper  jurisdiction,  for  instance,  such  as  may 
come  under  the  regular  fire  departments,  of  our  cities. 
.\nd  in  order  to  properly  understand  these  hazards  and 
their  remedies  a  working  knowledge  of  the  methods 
and  machinery  used  in  pulverized  fuel  plants  is  neces- 
sary. While  it  is  utterly  impossible,  in  these  few  min- 
utes, to  go  into  detail,  yet  perhaps  a  brief  description 
of  some  of  these  methods  and  machinery  may  be  of 
some  value. 

Before  coal  in  a  very  finely  divided  state  can  be 
used  for  fuel,  it  must  be  crushed,  dried,  pulverized  and 
then  conveyed  to  the  furnace  or  boiler  where  it  is  to 
be  used.  Generally  speaking  there  are  three  distinct 
classes  of  pulverized  coal  equipment  in  general  use 
and  wdiich  may  be  designated  as  (a)  the  circulating 
system,  (b)  the  indirect  system  and  (c)  the  unit 
system. 

The  first  two  mentioned  systems  employ  practic- 
allv  similar  processes,  varying  perhaps  in  detail,  but 
differing  in  the  manner  in  which  the  pulverized  coal  is 
transported  to  the  furnaces. 

In  the  circulating  system,  after  the  coal  has  been 
pulverized,  it  is  fed  in  regulated  quantities  to  a  fan. 
by  which  it  is  forced  in  a  cloud  through  pipe  lines,  rang- 
ing from  8  or  10  inches  in  diameter  to  14  to  16  inches. 
Branch  lines  loading  from  the  main  line  to  the  furnaces 
carry  the  coal  as  may  be  needed :  the  surplus  coal, 
which  has  not  been  drawn  from  the  main  line,  return- 
ing near  the  point  of  beginning  where  a  separator  re- 
moves the  coal  dust  from  the  air,  and  returns  it  to  a 
storage  bin,  again  to  be  blown  through  the  line. 

In  other  words  it  is  a  continuous  circulation  of  coal 
dust,  and  is  somewhat  analagous  to  a  gas  line  where 
the  fuel  is  drawn  off  as  needed.  Secondary  air  lines, 
independent  of  the  main  coal  feed  line,  provide  ad- 
ditional air  at  the  burners  necessary  for  proper  com- 
bustion. 

The  indirect  system  transports  coal  either  by  com- 
pressed air  under  perhaps  fifty  or  ninety  pounds  pres- 
sure, a  screw  conveyor,  or  a  combination  of  air  and 
screw  conveyor  to  bins  at  the  furnaces.  From  these 
bins  the  pulverized  coal  drops  into  a  small  screw  con- 
vevor  bv  which  it  is  either  fed  to  an  air  blast  which 
carries  it  into  the  burner,  or  fed  directh-  to  the  burner. 

The  unit  s^-stem  differs  from  the  previously  de- 
scribed systems  in  that  the  fuel  is  pulverized  at  or  near 
the  point  of  use  and  delivered  from  the  pulverizer  in 
a  stream  of  air  directly  into  the  furnace  by  means  of 
a  fan  which  is  a  part  of  the  pulverizer. 

.\n  important  feature  of  this  method  of  utilizing 
pulverized  coal  is  contrasted  with  the  circulating  and 
flirect  systems  in  the  absence  of  a  drier  to  drive  out 
the  moisture. 

There  are  two  types  of  these  driers,  the  direct  fired 
and  the  indirect  fired. 

The  former  tj-pe  consists  practically  of  a  long  shell 
from  .3  feet  to  5  feet  in  diameter  at  one  end  of  which 
is  a  furnace  and  at  the  other  end  a  stack.  The  hot 
gases  pass  tlirough  the  center  of  the  shell,  coming  in 
contact  with  the  raw  coal  which  is  fed  into  the  drier 
at  the  stack  end. 

The  indirect  fired  drier  is  generally  one  of  two  kinds. 
One  kind  is  the  double  shell  type  in  which  there  are 
two  shells,  one  inside  of  the  other,  the  raw  coal  travel- 
ling through  the  inner  shell  and  the  hot  gases  in  the 
opposite  direction  in  the  space  between  the  two  shells 
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and  then  returning  through  the  inner  shell  to  the  ex- 
haust stack. 

The  other  kind  is  an  inclined  single  shell,  the  higher 
end  of  which  terminates  in  a  brick  housing  supporting 
the  exhaust  stack,  the  lower  end  in  a  steel  hood.  The 
furnace  for  heating  the  drier  is  placed  between  the 
stack  chamber  and  the  hood.  The  furnace  is  provided 
with  a  large  combustion  chamber  through  which  the 
drier  shell  passes.  The  hot  gases  from  the  furnace  fire 
circulate  around  the  outside  of  the  drier  shell  passing 
through  the  combustion  chamber  of  the  furnace. 

In  the  opinion  of  the  writer  the  drier  is  directly  and 
indirectly  the  cause  of  a  large  percentage  of  the  fires 
and  explosions  which  have  occurred  in  coal  pulverizing 
plants,  and  on  the  man  running  the  drier,  and  by  that 
I  do  not  mean  the  man  in  general  charge,  but  the  man 
actually  shoveling  the  coal,  is  placed  a  great  respon- 
sibility, exactly  in  the  same  way  that  the  man  in  charge 
of  a  battery  of  boilers  has  a  heavy  responsibility.  I 
sometimes  think  that  the  average  factory  or  power 
plant  superintendent  little  realizes  the  fact.  In  the  case 
of  the  man  tending  the  boiler,  if  he  forgets  to  keep  his 
water  in  the  boiler  at  the  proper  level,  something  pretty 
costly  is  liable  to  happen.  If  the  man  tending  the 
drier  furnaces  happens  to  improperly  perform  his 
duties  and  allows  it  to  become  overheated,  the  chances 
are  that  there  will  be  work  for  the  fire  department  in 
that  vicinity. 

This  is  very  finely  illustrated  by  an  explosion  and 
fire  which  occurred  in  a  large  steel  plant  in  Ohio. 
From  evidence  obtained  at  an  investigation  it  is  pretty 
well  established  that  the  man  tending  the  furnace  of 
the  drier  for  some  reason  built  up  an  abnormally  large 
fire  so  that  the  coal  in  the  drier  ignited,  passed  into 
the  pulverizer  where  it  came  into  contact  with  the  fine 
coal  dust  with  the  result  that  there  was  an  explosion 
filling  the  entire  building,  killing  two  men  and  badly 
burning  two  others. 

Another  case  in  Ohio  of  a  fire,  fortunately  not  in- 
juring any  one  nor  causing  serious  damage,  was  due 
to  a  slight  amoimt  of  coal  remaining  in  a  compressed 
air  line.  Some  repairs  were  to  be  made  in  the  line 
and  the  pressure  was  supposedly  shut  ofif  as  the  pres- 
sure gauge  registered  zero.  When  the  line  was  broken, 
a  cloud  of  coal  dust  was  blown  directly  toward  the 
open  door  of  the  furnace  drier  by  a  slight  air  pressure 
remaining  in  the  line.  Immediately  there  was  a  cloud 
of  flame  which  filled  the  room. 

Another  plant  which  the  author  of  this  paper  visited 
after  and  explosion  in  which  two  men  were  fatally  and 
three  men  painfully  burned,  had  such  a  hot  fire  that 
sparks  were  flying  out  in  showers  at  the  point  where 
the  shell  passed  through  the  combustion  chamber. 

The  above  illustrations  have  been  given  in  order 
to  bring  before  vou  actual  instances  of  fires  and  ex- 
plosions which  have  been  due  either  directly  or  in- 
directly to  driers.  It  would  serve  no  purpose  how- 
ever, unless  some  lessons  might  be  drawn  therefrom 
by  which  vou  could  benefit.  One  thing  every  Fire  De- 
partment Chief  can  do  and  that  is  to  insist  upon  abso- 
lute cleanliness  in  a  coal  pulverizing  plant.  Dust  ac- 
cumulations must  not  be  allowed  and  there  is  one  prin- 
ciple that  should  be  remembered.  In  cleaning  up  a 
plant,  coal  dust  should  never  be  swept  up  with  a  broom 
nor  should  accumulations  be  dislodged  from  window 
ledges,  girders,  boiler  housings  or  platforms  by  blow- 
ing with  compressed  air.  unless  they  have  been  thor- 
oughlv  wet  down  or  mixed  with  incombustible  dust 


in  the  proportion  of  7  parts  of  rock  or  shale  dust  to  one 
part  coal  dust.  There  are  some  plants  which  I  have 
seen  that  are  kept  almost  spotless  by  a  vacuum  system. 
Another  safeguard  is  to  see  that  the  drier  is  isolated 
from  the  rest  of  the  pulverizing  plant,  if  not  in  a  sepa- 
rate building  then  by  a  blank  masonry  wall. 

A  point  which  will  be  of  interest  to  you,  is  that 
when  you  see  a  building  the  inside  of  which  is  covered 
with  coal  dust,  you  can  be  sure  that  if  it  once  starts 
burning,  the  fire  will  spread  with  far  greater  rapidity 
than  in  a  similar  building  which  is  clean.  In  fighting 
a  fire  of  this  nature  there  is  one  thing  to  guard  against, 
and  that  is  a  sudden  explosion  or  back  fire  due  to  pul- 
verized coal,  which  may  be  stored  in  a  bin,  being  sud- 
denly raised  into  a  cloud,  either  by  a  sudden  air  draft, 
or  perhaps  by  falling  material,  and  becoming  ignited. 
Every  district  and  battalion  chief  should  familiarize 
himself  with  the  location  of  all  pulverized  coal  bins  in 
his  district  the  same  as  he  would  the  location  of  perma- 
nent oil  tanks. 

All  driers  should  be  equipped  with  recording  pyro- 
meters which  shall  make  a  continuous  record  of  the 
temperature  at  which  the  drier  is  operated.  Preferably 
this  chart  should  be  placed  in  the  office  of  some  re- 
sponsible official,  and  the  thermocouples,  or  that  part 
of  the  pyrometer  afTected  by  the  change  in  temperature, 
should  be  installed  at  the  discharge  end  of  the  drier. 

One  of  the  greatest  sources  of  fire  in  a  drier  room 
comes  from  the  continued  passing  of  hot  gases  from 
the  drier  furnace  through  the  drier  shell  when  the  drier 
is  not  in  operation.  That  is  when  the  shell  is  not  re- 
volving and  there  is  not  a  constant  stream  of  coal  pass- 
ing through  the  drier.  In  such  a  case  there  is  very 
liable  to  be  a  certain  amount  of  coal  lying  in  the  drier 
shell  which,  by  the  continued  contact  with  the  hot 
combustion  gases,  will  in  time  become  ignited.  Then 
when  the  drier  is  again  put  in  operation  this  hot  coal 
will  either  be  delivered  to  the  pulverizer  or  to  the  dried 
coal  storage  bin.  If  it  goes  to  the  pulverizer  it  is 
liable  to  ignite  and  explode  the  fine  dust  therein.  If 
to  the  dried  coal  storage  bin,  there  is  a  possibility  of 
it  starting  a  fire  by  spontaneous  combustion.  Or  by 
the  continued  application  of  heat  from  the  drier  fur- 
nace, gas  may  be  generated  from  the  coal  in  the  drier, 
collect  in  the  shell  and  explode  with  disastrous  re- 
sults if  brought  in  contact  with  an  open  flame. 

While  this  regulation  is  largely  a  matter  for  the 
operating  official,  yet  an  enactment  by  the  proper  au- 
thorities requiring  all  driers  to  be  equipped  with  by- 
passes in  order  to  prevent  the  gases  of  combustion  from 
entering  the  shell  when  it  is  not  in  operation  will  be 
of  great  value. 

Next  to  the  drier  one  of  the  most  prolific  sources 
of  trouble  is  the  large  main  which  circulates  the  mix- 
ture of  air  and  coal  dust  around  the  plant,  returning 
the  unused  coal  to  the  storage  bin.  The  pulverized 
coal  is  driven  through  this  line  by  air  currents  in- 
duced by  a  fan  and  having  a  pressure  of  about  8  or  9 
ounces  per  square  inch.  The  fires  in  this  line  are  often 
of  a  smouldering  nature  which  heats  the  pipe  red  hot. 
Should  you  be  called  to  extinguish  such  a  fire,  there 
is  not  much  that  can  be  done  save  cutting  out  the  hot 
section.  In  any  event  the  blowing  fan  should  be 
stopped.  And  the  most  important  precaution  of  all  is 
that  the  entire  line  should  be  inspected  to  see  that  it 
is  entirelv  free  from  sparks,  glowing  particles,  or 
smouldering  coal  before  the  fan  is  again  started.  Other- 
wise there  may  be  just  enough  dust  lying  in  the  bot- 
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torn  of  the  pipe  line  to  make  an  explosive  mixture  when 
raised  into  a  cloud  by  the  starting  of  the  fan  which 
will  cause  trouble  if  brought  into  contact  with  any 
glowing  particles.  So,  I  would  again  say  that  after  a 
fire  in  a  coal  circulating  line,  thoroughly  inspect  the 
entire  line  before  starting  the  fan.  An  illustration  of 
what  will  happen  if  this  is  not  done  may  be  of  value. 
At  a  manufacturing  plant  which  had  a  large  number 
of  small  furnaces  drawing  fuel  from  this  line,  the  main 
fan  suddenly  broke  down  and  stopped  running.  The 
sudden  cutting  ofT  of  pressure  evidently  permitted  a 
back  draft  and  drew  hot  particles  of  coal  into  the  pipe 
line,  where  they  continued  to  smoulder  until  several 
hours  later  when  the  fan  was  again  put  in  operation. 
The  air  current  thus  started  stirred  up  the  dust  which 
had  settled  to  the  bottom  of  the  pipe  when  the  fan  had 
stopped ;  at  the  same  time  the  smouldering  coal  was 
fanned  into  a  flame.  The  result  was  an  explosion  which 
travelled  the  entire  length  of  the  pipe  line,  ending  up 
by  blowing  into  pieces  the  cast  iron  housing  of  the 
fan.  killing  one  man  and  burning  two.  From  the  fore- 
going illustration  it  is  perhaps  needless  to  say  that  all 
pipe  lines  having  to  do  with  the  transportation  of 
pulverized  coal  should  be  of  metal. 

At  this  point  it  might  be  well  to  say  that  all  ele- 
vator systems  and  all  screw  conveyors  should  be  con- 
structed dust  tight.  This  type  of  apparatus  is  prob- 
abl)-  the  worst  offender  in  the  matter  of  throwing  off 
fine  dust  which  will  remain  in  suspension  for  some 
time  and  then  settle  on  any  flat  surface  that  it  finally 
reaches.  It  is  a  very  easy  matter  to  allow  the  joints 
to  become  loose  and  the  cover  to  jar  ofif. 

Tn  the  case  of  elevators  it  is  a  safe  precaution  to 
have  them  adequately  vented  to  the  outside  air.  How- 
ever there  is  one  point  to  be  closely  watched  in  all  out- 
side vents  connected  with  pulverized  coal  and  that  is 
that  the  dust  is  not  discharged  in  the  open  air  in  such 
a  manner  that  it  may  be  drawn  in  the  doors  or  windows 
or  settle  on  the  roof  of  another  building. 

It  is  in  preventing  things  of  this  sort  that  fire  de- 
partments are  able  to  cooperate  by  rigid  inspection. 

Another  source  of  trouble  to  users  of  pulverized 
coal  has  been  due  to  fires  in  storage  bins.  These  bins 
are  of  two  kinds.  Those  which  have  a  capacity  of  fif- 
teen tons  or  so  of  dried  coal  and  those  which  range 
from  one  ton  to  5  tons  each  and  in  which  the  pulverized 
coal  is  kept. 

There  can  be  but  little  doubt  that  spontaneous  com- 
bustion plays  a  large  part  in  the  origin  of  these  fires. 

I  regret  to  say  that  there  is  very  little  reliable  data 
to  be  had  about  spontaneous  combustion  of  coal  under 
the  conditions  found  in  pulverized  coal  plants.  Data 
that  relate  to  amount  of  air  required  to  circulate  in 
the  bin.  the  temperature  to  he  reached  before  the  coal 
will  begin  to  rapidly  heat.  etc.  We  do  know,  however. 
a  few  things  about  the  spontaneous  combustion  of  coal 
under  other  conditions  and  which  may  possiblv  be 
true  under  the  conditions  in  question.  One  is  that  very 
fine  coal  presents  a  greater  area  to  the  air  than  the  same 
bulk  in  larger  sizes,  and  therefore,  will  take  up  oxygen 
at  a  more  rapid  rate,  and  that  burning  is  no  more  or 
less  than  a  rapid  absorption  of  oxygen.  That  once 
ro^l  is  heated  bv  other  agencies  to  a  temperature  of 
150  deg.  or  175  deg.  Fahrenheit,  from  then  on  the  in- 
crease of  temperature  by  conserving  its  own  heat  i'^ 
verv  rapid  and  not  a  great  deal  of  time  is  necessarv 
to  elapse  before  the  temperature  of  rapid  combustion  is 
reached. 


The  following  instances  are  taken  from  the  records 
of  the  "Bureau  for  Safe  Transportation  of  Explosives 
and  other  Dangerous  Articles,"  which  is  affiliated  with 
the  American  Railway  Association. 

Smoke  was  noticed  coming  from  box  car  loaded 
with  pulverized  coal  in  bulk.  The  side  doors  were 
opened  for  ventilation.  At  first  actual  fire  could  not 
be  detected,  but  the  entire  load  was  hot  and  smoke 
was  rising  from  the  surface  of  the  coal. 

Three  hours  later  the  fire  was  seen  coming  to  the 
surface.  Eflforts  were  made  to  transfer  it,  but  the  dust 
and  gas  ignited  where  the  men  were  shoveling,  so 
finally  the  car  was  brought  to  a  fire  plug  and  a  stream 
of  water  was  used  on  the  dust  from  time  to  time.  It 
was  finally  necessary  to  wash  the  entire  load  out  of 
the  car  with  a  stream  of  water. 

.Another  case  was  that  of  a  shipment  of  pulverized 
coal  in  bags.  When  the  doors  of  the  car  were  opened, 
smoke  came  out  in  great  volume.  Several  bags  of  the 
pulverized  fuel  which  had  ignited  spontaneously  were 
unloaded  from  the  car  and  the  fire  extinguished. 

One  of  the  large  steel  companies  in  the  Youngs- 
town  district,  a  subsidiary  of  the  United  States  Steel 
Corporation,  stated  that  they  had  experienced  more  or 
less  trouble  with  fire  in  their  pulverized  coal  bins. 
There  was  no  way  as  far  as  I  know,  in  which  burning 
coal  cold  be  transported  to  and  delivered  into  the  bins. 
These  bins  were,  however,  lined  up  in  close  proximity 
to  the  heating  furnaces  and  so  absorbed  a  great  deal 
of  radiating  heat.  On  the  other  hand  these  bins  were 
not  of  especially  large  capacity  and  probably  were 
supposed  to  be  emptied  every  24  hours.  In  studying 
the  situation  as  to  the  cause  of  these  fires  the  following 
conclusions  seemed  to  be  logical : 

It  is  a  well  known  fact  that,  for  some  reason,  pul- 
verized coal  will  stick  to  the  sides  of  the  bins  and  in 
time  become  so  caked  that  it  is  necessary  to  jar  the 
bins  or  use  bars  to  loosen  the  caked  coal.  In  this  case 
the  coal  fed  to  the  furnace  comes  entirely  from  the 
center. 

It  is  also  a  well  established  fact  that  pulverized  coal, 
or  even  slack  coal,  stored  in  close  proximity  to  a  fur- 
nace, steam  line  or  stack  for  exhaust  gases  heats  up 
much  more  quickly  than  otherwise.  As  the  furnaces 
in  question  often  caked  and  were  very  close  to  the 
heating  furnaces,  it  is  reasonable  to  assume  that  the 
coal  clinging  to  the  side  was  heated  by  the  heat  radi- 
ating from  the  furnaces  and  in  time  reached  a  tempera- 
ture high  enough  to  cause  combustion. 

It  is  well,  therefore,  to  have  all  storage  bins  and 
furnace  bins  containing  pulverized  coal  as  far  as  con- 
sistent with  operating  requirements  from  furnaces  and 
nway  from  open  lights  and  flames.  Locations  of  such 
bins  should  be  such  that  no  radiation  from  furnaces, 
boilers,  steam  pipes,  flues  or  other  heating  appliances 
can  niaterinllv  raise  the  temperature  of  the  content.'^  of 
the  bin.  W'here  practicable  bins  used  in  connection 
with  pair  and  sheet  furnaces  and  annealing  furnaces 
shall  be  placed  outside  of  the  main  building,  ^^^^erc 
this  is  not  practicable  thev  should  be  separated  from 
the  bin  by  a  non-combustible  partition. 

Where  a  bin  has  any  large  amount  of  burning  coal 
thcein,  there  is  one  danger  that  must  be  guarded 
against  in  eflForts  to  extinguish  the  fire. 

If  a  stream  of  water  is  poured  on  red  hot  coal  there 
is  a  likelihood  of  carbon  monoxide  gas  being  generated, 
and   should   the   bin   be   in   a   confined   space   there   is 
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gfreat  danger  of  men  being  overcome,  as  carbon  mon- 
oxide is  one  of  the  most  poisonous  gases  ordinarily 
met  with,  and  a  fraction  of  a  percent  is  deadly  when 
breathed.  In  the  case  of  a  bin  of  pulverized  coal, 
should  a  stream  of  water  having  any  force  be  placed 
on  the  pile,  there  is  the  possibility  of  raising  a  cloud  of 
dust  and  having  it  ignite. 

Probably  the  quickest,  safest  and  most  economical 
way  is  to  get  all  the  coal  out  of  the  bin  as  soon  as  pos- 
sible, let  it  lie  in  a  pile  outdoors  until  the  fire  is  entirely 
out. 

Very  often  fires  occur  in  driers  and  the  right  method 
of  extinguishing  it  is  a  matter  which  requires  some 
little  judgment.  If  the  fire  has  not  gotten  very  hot, 
it  may  be  put  out  with  water.  However,  if  the  fire 
were  to  burn  and  the  drier  shell  get  red  hot  it  would 
hardly  do  to  put  water  in  at  that  time.  While  I  have 
no  personal  knowledge  I  understand  that  live  steam 
is  a  very  effective  and  safe  way  of  putting  out  a  fire 
in  a  drier. 

In  all  coal  pulverizing  plants,  electricity  plays  a 
large  part  and  it  may  prove  of  assistance  to  you,  in 
your  fire  prevention  work,  to  know  some  of  the  hazards 
for  which  to  look  in  a  plant  using  pulverized  coal. 

In  the  first  place  all  electric  wires  and  cables  should, 
as  far  as  possible,  be  carried  in  conduits.  At  one  plant 
visited  by  the  author  of  this  paper  the  bin  for  pulver- 
ized coal  also  acted  as  a  support  to  wires  carrying 
several  hundred  volts  of  electricity. 

All  switches  should,  if  possible,  be  placed  on  the 
outside  of  any  building  in  which  coal  dust  is  liable  to 
accumulate ;  if  this  is  not  possible,  they  should  be  of 
the  oil  immersed  type.  The  necessity  for  this  is  shown 
in  the  incident  mentioned  in  the  first  part  of  this  paper 
in  which  a  switch  was  short  circuited  by  dust  and 
burned  out  a  switchboard  panel. 

Motors  which  are  liable  to  spark  are  a  potential 
source  of  danger.  Perhaps  the  best  illustration  of  the 
danger  of  coal  dust  is  the  explosion  which  occurred  at 
the  New  Brancepeth  Colliery  in  England.  The  pulver- 
izer was  operated  by  a  25  hp  500  volt  dc  motor.  The 
motor  was  enclosed  but  not  explosion  proof  and  stood 
on  a  platform  about  six  feet  from  the  floor.  A  short 
circuit  of  one  of  the  armature  coils  caused  much  spark- 
ing, thereby  igniting  the  coal  dust  inside  the  motor 
casing,  causing  an  explosion  of  sufficient  force  to  blow 
off  the  sheet  iron  cover  over  the  commutator  end  of  the 
motor. 

The  flame  thus  produced  was  sufficient  to  explode 
the  fine  dust  held  in  suspension  within  the  building,  the 
resulting  flames  extending  six  feet  outside  the  open 
door  and  for  a  height  of  15  feet. 

The  United  States  Bureau  of  Mines  and  prominent 
English  authorities  have  made  extensive  tests  in  order 
to  determine  whether  or  not  a  cloud  of  coal  dust  can  be 
ignited  by  an  electric  arc  or  spark.  For  instance  with 
a  direct  current  of  100  volts  and  100  amperes  in  62 
trials  ignition  was  obtained  in  20  cases  when  the  arc 
was  formed.  With  a  direct  current  of  240  volts  and 
27  amperes  in  23  trials  ignition  was  obtained  in  19 
cases.  A  motor  of  five  horsepower  on  a  220  volt  cir- 
cuit ignited  a  dust  cloud  once  out  of  every  ten  trials, 
while  a  ten  horsepower  motor  on  the  same  voltage 
ignited  a  dust  cloud  almost  every  time.  Therefore 
motors  of  the  non-sparking  type,  preferably  squirrel 
cage  motors,  are.  the  nearest  explosion  proof  motors 
now  available.  All  machinery  should  be  thoroughly 
grounded  to  prevent  sparks  due  to  static  electricity. 


Whenever  inspections  are  made  of  fire  hazards 
around  any  kind  of  plant  where  there  is  a  prevalence 
of  dust,  whether  it  be  pulverized  coal  or  fine  grain  dust, 
aluminum  dust,  or,  in  fact  any  kind  of  dust,  very  great 
attention  should  be  given  to  the  electrical  equipment 
and  especially  sparking,  motors,  exposed  switches  and 
electric  wiring. 

When  portable  electric  lamps  are  used  to  illuminate 
any  place  in  which  there  is  liability  of  a  pulverized 
coal  dust  cloud  forming,  the  bulb  should  be  protected 
with  a  wire  guard.  There  is,  however,  a  danger  in 
using  these  portable  Hghts  around  dusty  bins  because 
of  possible  defective  connections  and  short  circuits. 
Ordinary  hand  flash  lights  are  handier  and  safer. 

In  closing,  I  would  impress  upon  your  minds  one 
thing,  that  a  cloud  of  coal  dust  and  air  mixed  in  the 
proper  portions  are  as  dangerous  as  a  cloud  of  uncon- 
fined  mixture  of  natural  gas  and  air ;  that  a  structure 
covered  with  coal  dust,  even  though  the  dust  has  been 
partially  consumed,  will  be  a  hard  proposition  to  fight, 
once  it  catches  fire,  because  if  this  dust  once  gets  in 
suspension  in  the  vicinity  of  flames,  the  probability 
of  an  explosion  is  very  great,  and  an  explosion  which 
would  have  no  mercy  on  any  of  your  men  who  might 
be  fighting  the  fire  in  the  vicinity.  Every  district  and 
battalion  chief  should  acquaint  himself  with  those 
plants  using  pulverized  coal  in  his  vicinity,  and  fa- 
miliarize himself  with  the  plant  lay-out  and  at  the 
same  time  rigidly  inspect  it,  keeping  in  mind  the  old 
saying  "Cleanliness  is  next  to  Godliness,"  and  that  it 
is  far  easier  to  prevent  a  fire  in  a  coal  pulverizing  plant, 
than  it  is  to  put  it  out,  once  it  is  started. 


POWER  AND  MECHANICAL  EXPOSITION 

Announcement  has  been  made  of  the  National  Ex- 
position of  Power  and  Mechanical  Engineering  to  be 
held  at  the  Grand  Central  Palace,  New  York,  from 
December  7  to  13,  inclusive  ("except  Sunday  interven- 
ing") by  the  managers  of  the  Exposition. 

The  Exposition  was  decided  upon  by  a  group  of 
engineers  and  manufacturers  who  had  felt  the  need 
for  such  a  means  of  having  men  get  together,  exchange 
ideas,  sec  the  latest  development  in  equipment  and 
lay  p'-oblems  before  the  manufacturer. 

The  business  opportunity  where  a  manufacturer 
may  meet  a  large  assemblage  of  power  plant  and  me- 
chanical engineers  and  capitalists  interested  in  power, 
is  significant  to  firms  keen  for  such  business.  A  num- 
ber of  progressive  manufacturers  have  already  engaged 
space  for  their  exhibits. 

The  Exposition  will  immediately  follow  the  an- 
nual meeting  of  the  American  Society  of  Mechanical 
Engineers  and  it  is  expected  that  the  exhibits  will 
supplement  the  programs  and  discussions  at  the  pro- 
fessional meetings  of  the  Society.  The  Professional 
Divisions  of  the  Societv  will  hold  sessions  relating  to 
Fuels,  Stokers,  Steam  Power  Plants,  Railroads,  Steam 
Utilization  in  the  Paper  Industry,  Textile  and  Gas 
Power,  and  it  is  expected  that  the  exhibits  at  the  Ex- 
position will  throw  interesting  light  on  the  papers  pre- 
sented at  these  sessions  of  the  A.S.M.E.  meeting. 

That  the  Exposition  will  be  comprehensive  mav  be 
inferred  from  the  plans  which  are  to  include  exhibits 
of  every  type  of  machine,  apparatus,  equipment,  in- 
strument device,  and  the  various  materials  and  sup- 
plies necessary  in  the  operation  of  the  complete  power 
plant.  The  Committee  decided  that  its  kevnote  should 
be  "an  Exposition  of  apparatus  employed  in  the  gen- 
eration, distribution  and  utilization  of  power." 


400 


DioNasf  FiimocpSSfool  Planf 


July,  1922 


LETTERS    TO    THE    EDITOR 


= iiii;.,iii:iiiif»iiiiiiiiii miiiiimimiiiii iiiiimimmiiiiiiiiiii iiim,iiiiiiiMii«iiiiimiiiiiiHiBiiniiiiBiii«mmi!iniiiiiiiiiiiiiiiimiiiiiiiii»miil«™^^^^^     (imiiiiiimiiipwwffliiiiiinmiiiiiiiiiraiiiii.iffliiamiiffinimiiimiiiiiiiiiiiiim^^^^^^^  iiiiiiiiiiraiimitiiiiii iniiiimi; 


Dominion  Iron  &  Steel  Company,  Ltd. 
Head  Office  and  Works,  Sydney,  Nova  Scotia 


Canada 
office  of  economy  engineek 


I  line 


16,  1922. 


Editor  Blast  Furnace  and  Steel  Plant, 
Pittsburgh,  Pa. 
Dear  Sir — I  have  read  with  much  interest  the  aniclc 
by  Mr.  F.  G.  Cutler  on  the  "Reduction  of  Fuel  Wastes 
in  the  Steel  Industry,"  published  in  your  issue  of  May. 

It  is  a  subject  that  in  all  industries  is  deserving  of 
far  more  study  than  it  has  had  in  the  past. 

.\  statement  is  made,  however,  which  would  seem  to 
call  for  some  comment  or  correction.  In  referring  to 
bv-product  gas  the  writer  says,  ".\s  gas  holders  of  suf- 
ficient capacity  to  absorb  the  fluctuations  have  not  been 
found  advisable,  it  becomes  necessary  to  schedule  the 
use  of  gas  by  consuming  departments  in  order  partially 
to  equalize  the  consumption."  That  is  just  what  has 
to  be  done  where  there  is  no  holder,  but  if  such  condi- 
tions obtain  in  any  plant  where  there  is  a  holder  it  must 
be  that  the  holder  is  wrongly  placed  or  far  too  small. 
(Otherwise,  except  for  great  variations,  such  as  a  radical 
change  in  production  schedule  at  the  ovens  or  the  shut- 
ting down  for  a  long  time  of  one  of  the  main  consum- 
ing departments,  a  remarkably  uniform  pressure  can  be 
held. 

Assume  a  plant  producing  12,000,000  cu.  ft.  of  sur- 
plus gas  per  day.  A  million  foot  holder  would  provide 
for  all  ordinary  disturbances  and  its  cost  is  almost  neg- 
ligible compared  with  the  economies  which  can  be  dem- 
onstrated. 

While  I  cannot  claim  that  the  mantle  of  any  prophet 
has  fallen  on  me  yet  I  will  venture  the  assertion  that  the 
time  is  not  far  distant  when  gas  holders  will  be  used  to 
control  the  pressure  of  blast  furnace  gas,  or  for  com- 
bined blast  furnace  and  coke  oven  gas. 

We  cannot  expect  to  get  continuous  high  elticiency 
.  put  of  boilers  or  stoves  fired  with  gas  unless  the  pres- 
sure of  the  gas  is  reasonably  uniform.     Nor  can  high 
boiler  rating  be  continuously  obtained  under   the  same 
.  conditions  except  at  the  expense  of  serious  heat  loss  at 
.times  of  high  pressure.  . 

By  regulation  of  the  gas  pressure  and  supplying  the 

•  air  by  means  of  a  constant  speed  fan  there  is  no  reason 

why  much  higher  efficiencies  cannot  be  obtained  and  the 

,  necessary  expenditure  will  be  small  compared  with   the 

.  saving  made  in  the  fuel  balance  for  the  entire  steel  plant. 

Coke  oven  gas  or  tar,  or  a  combination  of  the  two, 

or  a   combination   of   coke  oven  gas  and   blast    furnace 

gas,  actually  show   a  much  lower   Btu.   consumption  in 

Open   hearth   furnaces  than  producer  gas,  because  with 

the  latter  a  very  considerable  producer  loss  has  to  be 

accounted   for,  and   coke  oven   gas  or  tar,  or  producer 

gas,  with  air  supply  regulated  by  a  fan,  shows  from  30 

to  50  per  cent  lower  Btu.  consumption  than  for  the  same 

fuels  with  natural  draft. 

Except  in  rare  cases  it  is  hard  to  justify  the  use  of 
waste  heat  boilers — particularly  in  new  installations.  The 


installation  of  proper  apparatus  and   situ   to  better  ad- 
vantage and  at  a  lower  cost  than  to  carry  it  elsewhere 
with   the  consequent  loss  and   added   installation   neces- 
sary to  recover  it  in  the  form  of  steam. 
Yours  very  trulw 

F.  E.  Luc.xs, 
Economy  Engineer. 


MEETING  OF  ELECTRIC  STEEL  FOUNDERS' 
RESEARCH  GROUP 

Officers  and  operating  ofticials  of  each  plant  holding 
membership  in  the  Electric  .Steel  Founders'  Research 
Group  held  one  of  their  regular  meetings,  for  several 
days,  immediately  following  the  convention  of  the  .Amer- 
ican Foundrymen's  Association  at  Rochester,  N.  Y.  The 
group  meeting  was  held  at  East  Aurora,  N.  Y.,  because 
of  its  accessibility  to  Rochester,  where  the  group  mem- 
bers had  participated  in  the  foundrymen's  annual  meet- 
ing. C.  R.  Messinger  of  Milwaukee,  who  is  very  active 
in  this  research  group  and  is  prominently  connected  with 
several  foundry  concerns  including  the  Sivyer  Steel  (Tast- 
ing Company,  was  selected  at  Rochester  as  the  next  presi- 
dent of  the  American  Foundrymen's  Association. 

Recently  in  the  technical  press  there  appeared  an  ex- 
tensive description  of  the  co-operative  technical  plan  fol- 
lowed by  this  research  group,  which  is  made  up  of  repre- 
sentatives of  the  Electric  Steel  Company,  Chicago ;  the 
Fort  Pitt  Steel  Casting  Company,  McKeesport,  Pa. :  the 
Lebanon  Steel  Foundry,  Lebanon,  Pa. ;  the  Michigan 
Steel  Casting  Company,  Detroit,  and  the  Sivyer  Steel 
Casting  Company,  Milwaukee.  At  the  convention  of 
the  American  Foundrymen's  Association  the  results  of 
comprehensive  investigations  in  testing  molding  ?an(l 
were  presented  by  R.  J.  Doty  of  the  Sivyer  Company, 
who  had  been  delegated  by  the  group  to  carry  on  such 
a  research  for  its  own  account.  The  group  made  some 
of  its  information  on  the  subject  available  to  the  industry 
at  large.  The  result  of  this,  as  announced  at  the  foundry- 
men's  convention,  has  aroused  great  interest,  particularl\- 
as  it  was  stated  there  that  certain  testing  methods  de- 
veloped bv  the  research  group  have  been  approved  by 
the  sub-committee  on  tests  of  the  joint  Committee  on 
Molding  Sand  Research  organized  by  the  .-Vmerican 
F"oundrymen's  Association  and  the  National  Research 
Council,  and  participated  in  officially  by  the  American 
Society  for  Testing  Materials  and  numerous  technical 
departments  and  bureaus  of  the  U.  S.  Government. 

It  is  stated  that  at  East  Aurora  further  steps  for  the 
group  molding  sand  investigation  were  planned,  and  in- 
teresting reports  were  presented  by  the  members  on  an- 
nealing, electric  fin-nace  practice,  the  elimination  of  slag 
in  castings,  and  other  matters  that  now  engage  the  atten- 
tion of  the  group  members. 


STEEL  COMPANIES  CONSOLIDATE 

Plans  will  probably  be  consummated  at  the  meet- 
ing, July  7th.  of  the  directors  of  the  Penn  Seaboard 
Steel  Corporation,  Philadelphia  and  The  Carpenter 
Steel  Company,  Reading,  Pa.,  whereby  the  two  com- 
panies will  consolidate  their  business. 


July,  1922 


UpDUfFumacoSSfepIPIanf 


401 


lUUiUI  UUnU  UIU  UK  U  W  lUIIH  UUI       u  u 


NEW^S     OF     THE     PLANTS 


The  Donner  Steel  Company,  inc.,  Buffalo,  X.  V.,  has  dis- 
posed of  a  'bond  issue  of  $5,000,000,  a  portion  of  the  pro- 
ceeds to  be  used  for  general  expansion,  additions  to  worknig 
capital,  general  financing,  etc.  The  company's  plant  now 
comprises  over  65  acres  of  land,  improved  with  two  blast  fur- 
naces, ten  open-hearth  furnaces,  blooming  mill,  plate  mill, 
billet  mill,  three  merchant  mills  and  other  miscellaneous  works 
buildings.  Production  is  devoted  to  pig  iron,  blooms,  billets, 
slabs,  small  shapes,  sheared  plates,  etc.  William  H.  Donner 
is  president. 


The  Colonial  Steel  Company,  Keystone  Building,  Pitts- 
burgh, Pa.,  has  plans  nearing  comipletion  for  the  construc- 
tion of  a  new  one-story  plant  building,  on  property  recently 
acquired  at  2121  St.  Clair  Avenue,  Cleveland,  Ohio,  to  be  used 
as  a  general  heat-treating  works.  The  estimated  cost  has 
not  been  announced. 


The  Empire  Tube  &  Steel  Company,  College  Point,  L-  I., 
will  commence  the  immediate  construction  of  a  new  plant 
at  Hudson,  N.  Y.,  for  the  manufacture  of  pipe  tubing  and 
kindred  steel  products.  A  site  has  been  acquired  in  the  In- 
dustrial District.  It  will  be  one-story,  100  x  300  feet,  and  is 
estimated  to  cost  in  excess  of  $75,000.  The  building  contract 
has  been  let  to  the  L.  A.  Scott  Construction  Company,  Grand 
Central  Terminal,  New  York,  N.  Y.  C.  J.  Thompson,  gen- 
eral manager,  is  in  charge. 


The  Newton  Steel  Company,  Youngstown.  Ohio,  has  ar- 
ranged for  a  bond  issue  of  $750,000,  the  majority  of  the  pro- 
ceeds to  be  used  for  proposed  plant  additions  for  increased 
capacity.  Work  will  be  placed  under  way  at  an  early  date 
for  six  new  sheet  mills,  and  contract  for  the  structural  steel 
frame  for  the  buildings  has  been  awarded  to  the  McClintic- 
Marshall  Company,  Pittsburg^h,  Pa.  It  is  proposed  to  in- 
augurate work  at  once  and  have  the  extension  ready  for 
service  at  the  earliest  possible  date.  The  present  works  com- 
prise a  total  of  10  mills.  The  company  also  has  plans  under 
wav  for  the  construction  of  a  new  warehouse. 


The  Penn  Seaboard  Steel  iCorporation,  Franklin  Bank 
Building,  Philadelphia,  Pa.,  is  perfecting  plans  for  the  pur- 
chase of  the  plant  and  business  of  the  Carpenter  Steel  Com- 
pany, Reading,  Pa.,  for  a  consideration  said  to  be  about 
$8,000,000.  The  Carpenter  works  has  a  present  capacity  of 
about  36,000  tons  a  year,  and  it  is  said  that  the  new  owner 
will  increase  this  output  in  the  future. 


The  Cleveland  Structural  Steel  Company,  6600  Park  .\ve- 
nue,  Cleveland,  Ohio,  has  had  plans  prepared  for  the  con- 
struction of  a  new  plant  on  East  Sixty^fifth  Street,  for  a 
general  steel  fabricating  works.  It  will  be  one-story.  60  x 
200  feet,  and  is  estimated  to  cost  about  $50,000. 


The  Gulf  States  Steel  Company,  Birmingham.  Ala.,  is  plan- 
ning for  extensions  and  improvements  in  its  plant  at  Gadsden. 
Ala.,  to  cost  about  $125,000.  including  machinerj-  and  oper- 
ating equipment.  Work  will  be  placed  under  way  at  an  early 
date.     C.  --\.  Moffett  is  president. 


Youngstown,  Ohio,  plans  are  being  arranged  for  the  con- 
struction of  an  addition  to  the  Dunkirk  works,  to  comprise  a 
number  of  buildings,  all  to  be  devoted  to  alloy  steel  pro- 
duction. The  consolidated  company  also  proposes  to  build 
an  addition  to  the  present  plant  of  the  Electric  Alloy  division, 
at  Charleroi,  Pa.,  as  well  as  the  construction  of  a  new  plant 
at  Niles,  Ohio.  Louis  J.  Campbell  will  be  chairman  of  the 
Board  of  Directors  of  the  new  company,  and  Arthur  H. 
Hunter,  president. 


The  Sharpsville  Furnace  Company,  Sharpsville,  Pa.,  has 
perfected  plans  for  extensions  and  improvements  to  com- 
pletely modernize  its  works.  The  present  blast  furnace  will 
be  rebuilt  and  enlarged,  providing  considerable  increase  in 
capacity.  A  new  skip-hoist  will  be  installed;  new  ore  bins 
constructed,  and  other  work  of  miscellaneous  character  car- 
ried out.  It  is  said  that  the  expansion  program  will  involve 
close  to  $150,000.  The  company  is  operated  by  the  Allen  S. 
Davison  Company,  Pittsburgh,  Pa. 


The  Steel  &  Tube  Company  of  America,  Chicago,  111.,  has 
disposed  of  a  bond  issue  of  $6,000,000,  the  proceeds  to  be 
used  for  extensions  in  its  plant  at  Indiana  Harbor,  Ind.  The 
work  will  include  two  new  mills,  bringing  the  capacity  of 
the  plant  up  to  about  100,000  tons  per  annum.  Miscellaneous 
au.xiliary  buildings  will  also  be  constructed.  A.  A.  Schleis- 
hinger  has  been  elected  chairman  of  the  Board  of  Directors. 


Gehret  Brothers,  Bridgeport,  Pa.,  operating  a  structural 
steel  fabricating  plant,  have  plans  in  preparation  for  the  con- 
struction of  a  new  one-story  shop,  to  be  used  for  general 
operations.  It  will  be  125  x  140  feet,  and  is  estimated  to  cost 
about  $42,000,  including  equipment.     Charles  Gehret  is  head. 

The  Dominion  Alloy  Steel  Company,  recently  formed  with 
a  capital  of  $15,000,000,  will  break  ground  at  once  for  its  pro- 
posed new  plant  on  property  in  the  vicinity  of  Sarnia,  Ont., 
on  the  St.  Clair  river  front.  The  site  comprises  a  total  of 
1,200  acres  of  land,  including  about  370  acres  secured  a  num- 
ber of  months  ago  by  C.  Harold  Wills,  Marysville,  Mich., 
head  of  the  Wills-Sainte  Claire  Automobile  Company,  with 
plans  to  use  the  property  for  a  Canadian  branch  factory.  The 
plant  will  be  devoted  to  the  manufacture  of  high  carbon  steel 
and  steel  alloys,  and  is  estimated  to  cost  close  to  $5,000,000. 
including  machinery.  William  B.  Boyd,  Toronto,  Ont.,  is 
president  of  the  company;  George  A.  Simpson,  Hamilton, 
Ont.,  is  vice  president  in  charge. 


The  Tichener  Iron  Works,  7  Frederick  Street,  Bingham- 
ton.  K.  Y.,  is  considering  plans  for  the  construction  of  an 
addition  to  its  plant  for  increased  capacity.  It  is  estimated 
to  cost  about  $50,000,  including  equipment.  Work  will  be 
inaugurated  at  an  early  date.     L.  E.  Barnes  is  secretary. 


The  Cranberry  Furnace  Company,  Cranberry,  N.  C,  with 
branch  plant  at  Johnson  City,  Tenn.,  has  preliminary  plans 
under  way  for  improvements  in  its  blast  furnace,  to  include 
relining  and  other  work.     Hammond  Prosser  is  secretary. 


Following  a  merger  of  the  .\tlas  Crucible  Steel  Company, 
Dunkirk,    N.    Y.,    and    the    Electric    .Alloys    Steel    Company, 


The  plant  and  property  of  the  Connecticut  Electric  Steel 
Company.  Hartford,  Conn.,  have  been  acquired  by  M.  W. 
Taggart  &  Company,  New  York. 
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A  DIRECT  READING  RESISTANCE  THERMOMETER 
Resistance  thermometers  have  certain  notable  advantages 
as  compared  with  other  temperature  measuring  devices  which 
make  them  particularly  valuable  for  many  industrial  processes. 
One  particular  advantage  is  in  the  ability  to  produce  a  high 
temperature  instrument  in  which  the  whole  temperature  scale 
may  cover  a  range  of  25  deg.  F.  only.  This  is  very  difficult 
to  obtain  w-ith  a  direct  reading  instrument  operating  on  any 
other  principle. 

There  are  many  applications  where  throughout  a  process 
the  temperature  must  be  known  with  extreme  accuracy  and 
where  the  temperature  is  maintained  constantly  within  close 
limits.  For  example,  it  may  be  desirable  to  maintain  a  tem- 
perature of  820  deg.  F.  and  the  temperature  will   never  drop 


Fig.  1 — Brown  Direct  Reading  Resistance  Thermometer. 

below  750  deg.  F.  or  rise  above  900  deg.  F.  A  thermo-electric 
pyrometer  would  usuallj'  be  supplied  to  meet  such  a  require- 
ment with  a  total  range  of  0  to  1,000  deg.  F.  If  the  scale 
can  have  a  maximum  of  100  or  150  divisions,  each  gradua- 
tion on  the  scale  would  be  equivalent  to  10  deg.  F. 

If,  however,  a  direct  reading  resistance  thermometer  is 
used,  the  scale  can  be  graduated  from  750  deg.  to  900  deg. 
F.,  and  each  division  is  then  equivalent  to  1  deg.,  affording 
much  greater  accuracy  in  the  readings. 

The  fundamental  principle  of  the  resistance  thermometer 
is  the  well-known  physical  property  of  metals,  except  special 
resistance  alloys,  of  change  in  resistance  with  change  in  tem- 
perature. This  change  in  resistance  can  be  accurately  meas- 
ured and  a  scale  calibrated  in  temperature  degrees. 

The  bulb  or  coil  of  wire  which  changes  in  resistance  is 
usually  of  nickel  for  temperatures  to  300  deg.  F.  (ISO  deg.  C.) 
and  of  platinum  for  higher  temperatures  to  1800  deg.  F. 
(1000  deg.  C).  The  dimensions  of  the  bulb  can  be  very 
small  to  secure  sensitivity.  A  nickel  wire  bulb  can  be  sup- 
plied with  active  part  1  in.  long  and  3/16  in.  diameter.  This 
can  be  supplied  in  a  protecting  tube  for  moderate  temperatures 
with  an  outside  diameter  of  only  54  in. 

Three  wires  lead  from  the  bulb  to  the  instrument.  This 
three   wire   system   eliminates   any   effect   on   the    indications 


iti  the  instrument  due  to  changes  in  temperature  along  the 
wiring  connecting  the  bulb  to  the  instrument.  The  length 
of  wiring  is  immaterial  in  the  Brown  three  wire  system  and 
bulbs  can  be  placed  up  to  1000  ft.  distant  from  the  instrument 
using  No.  14  gauge  copper  w-ire  or  up  to  2500  ft.  distant 
(half  a  mile)  with  No.  10  gauge  copper  wire. 

A  recent  development  has  been  the  perfection  of  a  direct 
reading  resistance  thermometer.  For  years  resistance  ther- 
mometers have  been  built  on  what  is  known  as  the  zero  or 
null  basis.  In  this  type  of  instrument  a  galvanometer  pointer 
must  be  brought  to  zero  and  a  reading  is  then  taken  on  a 
scale  mounted  in  front  of  a  rheostat.  While  quite  accurate 
this  method  has  the  disadvantage  of  not  being  direct  reading 
and  the  operator  must  obtain  a  balance  by  adjusting  the  slide 
arm  of  the  riieostat  so  that  the  galvanometer  indicates  zero 
before  the  temperature  reading  is  secured. 

The  Brown  direct  reading  resistance  thermometer  has  a 
scale  graduated  directly  in  temperature  degrees  as  illustrated. 
To  check  the  instrument  for  zero  reading,  the  left  hand  knob 
is  turned  to  Z,  and  then  to  S  to  check  the  instrument  with 
a  standard  resistance  at  the  top  graduation  on  the  scale,  and 
in  the  third  position  the  instrument  is  operated  directly  off 
the  temperature  bulb.  The  rheostat  is  the  right  hand  knob 
on  the  instrument  for  adjusting  the  voltage.  This  check  of 
the  instrument  while  recommended  daily,  need  only  be  made 
every  few  days  even  where  dry  cells  are  used  to  operate  the 
instrument,  since  the  current  required  is  infinitesimal,  and 
dry  cells  last  four  months  without  replacement.  Where  stor- 
age batteries  are  used,  a  less  frequent   check  is  satisfactory. 

Through  means  o'f  a  switch,  the  instrument  can  be  con- 
nected to  any  number  of  resistance  thermometer  bulbs  in- 
stalled in  different  locations.  Where  used  in  dry  kilns  the 
instrument  can  be  used  to  measure  both  temperature  and 
humidity,  one  bulb  being  subject  only  to  the  air  temperature, 
the  second  bulb  being  covered  by  a  wick  leading  into  a  tank 
of  water.  This  type  of  bulb,  for  measuring  humidity,  affords 
a  means  of  instantly  reading  the  difference  in  temperature  of 
l)oth  the  wet  and  dry  bulbs  and  from  suitable  tables  the  per 
cent  of  humidity  is  available.  This  construction  enables  the 
measurement  of  both  temperature  and  humidity  at  great  dis- 
tances. 

Applications  where  the  Brown  direct  reading  resistance 
thermometer  can  be  used  to  advantage  are  in  power  plants 
for  many  temperature  measurements,  for  the  temperature  of 
coal  piles  to  prevent  spontaneous  combustion,  oil  cracking 
stills  where  extremely  accurate  measurements  of  temperature 
are  required,  chemical  processes,  refrigerating  rooms,  public 
buildings  and  schools,  for  the  approach  of  frazile  or  anchor 
ice  temperatures  in  hydro-electric  power  plants  and  numerous 
other  applications. 

This  new  direct  reading  resistance  thermometer  is  the 
product  of  the  Brown  Instrument  Company,  Philadelphia,  Pa. 


The  Allegheny  Steel  Company,  Brackenridge,  Pa.,  has  per- 
fected plans  for  immediate  work  on  a  number  of  improve- 
ments and  extensions  in  its  local  plant.  The  present  plate 
mill  will  be  converted  into  a  jobbing  mill,  and  the  blooming 
mill  will  also  be  subjected  to  a  number  of  changes,  to  pro- 
vide for  the  handling  of  larger  ingots  and  the  production  of 
sheet  bars,  slabs  and  billets  of  varying  sizes.  The  remodeled 
plate  mil!  will  be  used  for  the  rolling  of  annealed  sheets  of 
widths  up  to  72-inch. 
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E.  J.  Lowry,  recently  became  identitied  with  Hickman, 
Williams  &  Co.,  pig  iron  brokers,  as  a  service  engineer.  Mr. 
Lowry  was  formerly  connected  with  the  Oliver  Chilled  Plow 
Works,  South  Bend,  Ind.,  in  the  capacity  of  metallurgist. 

V  V 

James  Walsh,  superintendent  rolling  mills,  Illinois  Steel 
Company,  South  Chicago,  Illinois,  has  resigned  to  become 
assistant  general  superintendent  Inland  Steel  Company,  at 
Indiana   Harbor,   Indiana. 

V  V 

E.  G.  MacKay  has  retired  as  superintendent  of  the  steel 
plant  of  the  Nova  Scotia  Steel  &  Coal  Company,  Sydney 
Mines,  X,  S..  and  will  leave  shortly  for  Pittsburgh  where  he 
is  e.vpected  to  take  an  important  position, 

V  V 

William  B.  Gillies  was  recently  appointed  general  super- 
intendent of  the  Mark  plant,  the  Steel  &  Tube  Company  of 
America,  at  Indiana  Harbor,  Ind.,  to  succeed  A.  H.  Beale, 
recently  elected  vice  president  in  charge  of  operations. 

V  V 

John  Sincock,  general  superintendent  of  W.  J.  Rainey, 
Inc.,  retains  his  own  title  and  assumes  the  additional  duties 
at  Connellsville,  Pa.,  of  L.  L.  Willard,  vice  president,  who  re- 
signed on  account  of  ill  health. 

V  V 

W.  B.  Pierce,  who  for  12  years  was  superintendent  of 
the  Buffalo  Bolt  Company,  North  Tonawanda,  N.  Y.,  and 
for  the  past  two  years  connected  with  the  Pierce-Brown 
Company,  that  city,  has  been  made  works  manager  of  the 
Graham  Bolt  &  Nut  Company,  Pittsburgh.  Mr.  Pierce  took 
up  his  new  duties  June  1st. 

V  V 

T.  H.  Edwards  recently  resigned  his  position  as  superin- 
tendent of  steel  works  department,  which  position  he  has 
held  for  many  years,  Benwood,  W.  Va.,  Plant  of  the  Wheel- 
ing Steel  Corporation,  and  has  retired  from  active  connection 
with  the  industry.  He  has  been  in  the  steel  business  for  fifty 
years.  Mr.  Edwards  will  join  his  family  now  in  Denver, 
Colorado.     His  successor  has  not  as  yet  been  named. 

V  V 

Morman  R.  Seidle  recently  resigned  as  assistant  general 
manager  of  the  James  G.  Heggie  Company,  Joilet,  Illinois, 
to  become  works  manager  of  the  General  Boilers  Company, 
Waukegan,    Illinois,     The    General    Boilers    Company    manu- 


factures   steel-welded    boilers    (Pacific    type)    for    all    general 
heating  purposes. 

V  V 

John  Dunlop  for  many  years  assistant  manager  of  the 
Wellsville,  Ohio,  Plant  of  the  American  Sheet  &  Tin  Plate 
Company,  has  resigned  because  of  ill  health.  William  W. 
Knox  will  be  his  successor.  Mr.  Dunlop  was  in  the  employ 
of  the  mill  for  more  than  26  years. 

V  V 

H.  V.  Smallwood,  purchasing  agent  at  the  Portsmouth, 
Ohio,  works  of  the  Wheeling  Steel  Corporation  since  1918, 
has  been  transferred  to  Wheeling  and  promoted  to  the  posi- 
tion of  general  purchasing  agent,  having  charge  of  purchases 
of  raw  materials  for  the  entire  company.  Mr.  Smallwood, 
before  going  to  the  Portsmouth,  Ohio,  works  was  with  the 
Youngstown  Sheet  &  Tube  Company,  Youngstown,  Ohio, 
and  prior  to  that  with  the  La  Belle  Iron  Works,  Steu'ben- 
ville,  Ohio. 

V  V 

B.  L.  Morgan  was  recently  appointed  superintendent  of 
the  Erie  Specialty  Company,  Erie,  Pa. 

V  V 

Fred  B.  Quigley  has  been  appointed  superintendent  of 
open  hearth  furnaces  and  the  Bessemer  department  of  the 
Carnegie  Steel  Company,  Youngstown,  Ohio,  succeeding 
William  C.  Bulmer,  resigned.  On  June  1st  Mr.  Bulmer  as- 
sumed charge  of  the  sales  and  installation  of  water-cooling 
appliances  for  openhcarth  furnaces  of  the  Blaw-Kno-x  Com- 
pany, Pittsburgh.  Mr.  Quigley  was  assistant  superintendent 
of  blast  furnaces  since  1912  and  has  been  connected  with 
the  Youngstown  district  for  14  years,  following  his  gradua- 
tion from  Case  School  of  Applied  Science.  From  1912  until 
two  years  ago  he  was  assistant  blast  furnace  superintendent 
at  the  Ohio  works,  in  itnmediate  charge  of  the  company's 
furnace  at  Niles,  Ohio.  Upon  banking  of  the  Niles  furnace, 
Mr.  Quilgey  was  transferred  to  the  Ohio  works. 

V  V 

Thomas  E.  Raymond,  for  three  years  superintendent  of 
the  Clinton,  Mass.,  works  of  the  Wickwire  Spencer  Steel 
Corp.,  Worcester,  Mass.  and  Buffalo,  has  resigned  because  of 
ill  health.  He  is  succeeded  by  George  M.  Johnston,  who  has 
been  connected  with  the  same  works  for  13  years,  starting 
as  an  office  boy  at  14. 
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Albert  Maheii,  Worcester,  Mass.,  until  recently  superin- 
tendent of  the  General  Spring  &  Wire  Company,  Detroit,  has 
taken  a  position  with  the  Wetherell  Bros.  Co.,  Boston,  Mass., 
steel  merchants,  which  company  he  will  represent  in  New 
England  territory. 

V  V 

Andrew  Glass  has  resigned  as  vice  president  in  charge  of 
operations,  Wheeling  Steel  Corporation,  effective  July  1st 
and  will  be  succeeded  by  William  J.  Stoop,  who  has  been 
assistant  to  Mr.  Glass.  The  latter,  who  is  a  nephew  of  Alex 
Glass,  chairman  Wheeling  Steel  Corporation,  has  been  iden- 
tified with  the  companies  now  comprising  the  Wheeling  Steel 
Corporation  since  early  manhood.  He  was  general  manager 
of  the  Portsmouth  Ohio,  works,  Whitaker-Glessner  Com- 
pany, when  the  Wheeling  Steel  Corporation  was  formed  in 
1020  and  was  made  president  of  the  Whitaker-Glessner  Co. 
and  vice  president  of  the  Wheeling  Steel  Corporation.  Mr. 
Glass  will  be  associated  with  W.  M.  MacCleary  in  a  broker- 
age business  in  iron,  steel  and  allied  products. 

\'       V 

W.  Woodward  Williams  has  been  appointed  vice  presi- 
dent of  Titan  Iron  and  Steel  Company,  mechanically  puddled 
wrought  iron,  Newark,  N.  J.  Mr.  Williams  graduated  from 
Harvard  in  1905.  After  six  years  in  the  mills  of  the  Carnegie 
Steel  Company  at  Pittsburgh.  Duquesne  and  Youngstown. 
he  entered  the  sales  department  of  the  Bowne-Fuller  Coiu- 
pany,  Cleveland,  and  was  later  aippointed  manager  of  its 
Pittsburgh  oflice.  In  January,  1914.  he  became  general  man- 
ager of  sales  of  the  A.  M.  Byers  Company,  Pittsburgh,  and 
subsequently  was  made  its  general  manager.  In  August, 
1919,  he  became  general  manager  of  the  Reading  Iron  Com- 
pany, and  afterward  was  elected  vice  president,  in  charge  of 
sales  and  operations.  In  September,  1920.  he  became  asso- 
ciated with  the  Pittsburgh  Gage  &  Supply  Company,  the 
largest  jobber  of  wrought  iron  pipe  in  the  United  States, 
resigning  the  vice  presidency  on  May  31,  1922,  and  entering 
immediately  upon  his  present  oflfice  of  vice  president  of  the 
Titan  Iron  &  Steel  Co.,  Inc. 

V  V 

James  J.  Zimmerman,  until  recently  assistant  superin- 
tendent of  the  Mechanical  Department  of  the  Reading  Iron 
Company  in  RIeading,  Pa.,  has  joined  the  engineerinsr  force 


al    the    Elliott   Co.   of    Pittsburgh   and   Jeannette,    Pa.,    manu- 
facturers of  pumps,  condensers  and  steam  equipment. 

V  V 

A.  J.  Maskrey,  general  superintendent  of  the  Carnahan 
Sheet  &  Tin  Plate  Co.,  Canton,  Ohio,  for  11  years,  has  been 
made  general  manager  of  the  Falcon  Tin  Plate  Company, 
which  recently  took  over  the  Carnahan  company.  Charles 
A.  Streb,  paymaster  and  secretary  of  the  Carnahan  com- 
pany, has  been  appointed  general  superintendent  of  the  Fal- 
con company. 

V  V 

M.  W.  Froney,  assistant  chief  engineer  on  the  Gogebic 
range  for  Pickands,  Mather  &  Company,  Cleveland,  has  been 
made  superintendent  of  the  Carey  mine. 

V  V 

Albert  L.  Andrews,  one  of  the  founders  of  the  Andrews 
Steel  Company,  and  the  Newport  Rolling  Mill  Company,  New- 
port, Ky.,  died  suddenly  at  his  home  in  that  city,  June  19th. 
Mr.  Andrews  was  born  in  Cincinnati  in  1842  and  retired  from 
active  business  life  four  years  ago  at  the  age  of  76.  He  is 
survived  by  three  sons,  Albert  K.,  Joseph  GafT  and  Frank 
N.,  all  actively  associated  with  the  management  of  the  New- 
port Company. 

V  V 

A.  B.  Neumann,  who  as  chief  engineer  for  the  United 
States  Steel  Corporation  designed  and  built  the  Gary  plant, 
and  who  for  the  past  three  years  has  been  chief  consulting 
engineer  for  the  Steel  and  Tube  Company  of  .America,  has 
opened  offices  as  consulting  engineer  in  the  Peoples  Gas  build- 
ing. 122  S.  Michigan  avenue,  Chicago. 

Later  he  designed  and  built  the  East  Works  of  the  .Amer- 
ican Rolling  Mills  Company.  In  1916  Tie  made  the  layout 
for  the  original  plant  of  the  Mark  Manufacturing  Company 
at  Indiana  Harbor,  Ind.,  which  was  constructed  in  1917  and 
1918. 

During  the  greater  part  of  1917  and  1918,  Mr.  Neumann 
designed  and  constructed  the  Pittsburgh  Steel  Products  Com- 
pany's plant  at  Allenport,  Pa.  While  he  was  chief  consulting 
engineer  for  the  Steel  and  Tube  Company  of  America  he  laid 
out  and  built  this  concern's  two  vessel  Bessemer  plant  at 
Indiana  Harbor.  Recently  he  has  been  engaged  in  making 
appraisals  of  steel,  power  and  manufacturing  plants. 
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Some  Pointers  on  By-Product  Coke  Oven  Operations 
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AMERICAN  COKE  OVEN  PRACTICE 

Dr.  G.  Lishman  and  Mr.  A.  H.  Middleton  have  g4ven  their 
impressions  of  American  coke  oven  practice,  before  the 
Northern  Section  of  the  Coke  Oven  Managers'  Association. 
Mr.  Middleton,  in  the  course  of  his  remarks,  pointed  out 
that  in  America,  nearly  all  ovens  were  made  with  silica  bricks, 
and  that  the  ovens,  in  g^eneral,  were  much  larger  than  the 
British  type,  being  from  10  to  12  ft.  high,  the  coking  chambers 
being  about  38  ft.,  but  that  the  width  was  only  from  IS  to 
WA  in. 

Carbonizing  temperatures  ranged  from  1,250  deg.  to  1,350 
deg.  C.  So-called  "black  ends"  were  no  objection,  as  blast- 
furnace men  liked  to  see  a  little  flame  when  pushing  an  oven. 
as  they  declared  it  showed  hydrocarbons  to  be  present. 

American  coke,  from  wall  to  cleavage  point,  was  more  like 
the  medium  zone  in  British  coke.  One  concern  in  the  U.S., 
over  a  month's  working,  used  only  15  cwt.  of  coke  per  ton  of 
pig  iron. 

Dr.  Lishman  said  that  American  coke  was  very  small,  that 
for  blast  furnaces,  resembling  good  breeze.  Wet  coal  could 
not  be  employed,  as  the  silica  brick  would  crumble  or  fall 
to  pieces  after  about  two  years.  The  present  cost  of  Amer- 
ican plant  was  about  $50,000  per  oven,  but  they  were  elabor- 
ately fitted  with  all  sorts  of  recorders  and  meters. 

Labor  control  might  be  called  a  more  or  less  benevolent 
despotism,  and  there  was  no  cokemen's  Union.  A  ram  man, 
in  America,  would  push  and  level  80  to  100  ovens  per  shift, 
as  against  the  fixed  shift  of  13  ovens  in  Durham. 

An  interesting  discussion  followed,  touching  mainly  upon 
by-product  yields,  which  were  declared  to  be  quite  as  high 
as  our  own.  in  spite  of  the  high  temperature  used,  and  which 
might  be  expected  to  break  them  up.  Questions  were  asked 
and  answered,  relative  to  central  quenching,  the  appearance 
of  coke,  the  use  of  dry  coal,  and  silica  linings. 


THE  MANUFACTURE  OF  COKE 

In  a  paper  upon  the  manufacture  of  coke  for  industrial 
purposes,  read  by  Mr.  A.  D.  Young,  before  the  Lancashire 
branch  of  the  Institution  of  British  Foundrymen,  the  necessity 
was  pointed  out  for  a  hard,  non-friable  coke,  with  a  well- 
developed  cell  structure.  It  should  have  a  large  carbon  con- 
tent, with  low  proportions  of  ash,  sulphur,  phosphorus  and 
water. 

Reference  is  made  to  the  poor  quality  slacks,  from  which 
practically  the  whole  of  the  coke  now  produced,  is  derived, 
and  the  process  of  washing  is  described.  Details  are  given 
of  the  two  processes  followed  in  the  production  of  coke  for 
fuel  purposes,  either  by  carbonization  in  bulk  in  ovens,  or 
by  carbonization  at  gasworks  in  horizontal  retorts. 

The  early  types  of  coke  ovens  are  expounded  upon,  of 
which  the  beehive  oven,  which  answers  so  well  for  certain 
types  of  coal,  retains  its  place  even  down  to  the  present  mo- 
ment.   

IGNITION  TEMPERATURE  OF  COAL 

In  an  interesting  paper,  Ftay  W.  Arms,  in  the  Illinois 
University  Bulletin  summarizes  his  conclusions  in  the  fol- 
lowing words: 

(a)  The  "Ignition  Temperature"  of  coal  means  nothing 
unless  it  is  applied  to  some  definite  point  in  the  process  of 
heating  the  coal,  which  can  easily  be  determined  and  dupli- 
cated. 


(ib)  The  temperature  at  which  the  coal  glows  seems  to 
be  the  most  logical  point  to  choose  as  the  ignition  tempera- 
ture. It  is  easily  observed,  can  be  duplicated  with  a  fair  de- 
gree of  accuracy,  and  marks  the  beginning  of  visible  com- 
bustion. 

(c)  The  glow  point  is  probably  affected  by  the  oxygen 
contents  of  the  coal,  and  perhaps  by  other  agencies  made 
active  by  weathering. 

(d)  The  glow  point  is  not  affected  by  ash,  moisture,  size 
of  particles,  slight  variation  from  the  normal  air  supply,  nor 
by  the  rate  of  heating. 

(e)  There  is  at  present  no  indication  that  the  glow  point 
bears  any  direct  relation  to  the  liability  to  fire  whilst  in  stor- 
age. Perhaps  if  a  series  of  tests  were  made  on  the  glow 
points  of  freshly  mined  coal,  new  information  would  be 
brought  to  light,  which  would  lead  to  the  discovery  of  some 
more  definite  relation  between  the  glow  point  and  the  firing 
qualities  of  the  coal. 


TEST  PROPOSALS  FOR  COKE  FOR  BLAST  FURNACE 
AND  FOUNDRY  PURPOSES 

Dr.  Koppers  in  the  .'\pril  13,  1922  issue  erf  Stahl  und  Eisen 
has  the  following  to  say  regarding  test  proposals. 

With  proper  coke  as  shown  by  American  blast  furnace 
practice,  one  ton  of  pig  can  be  produced  with  527  kilos  of 
carbon,  gasified  by  air  in  front  of  the  tuyeres,  and  with  less 
highly  heated  blast  than  is  used  in  Europe.  With  our  usual 
higher  carbon  consumption,  the  blast-furnace  generally  suffers 
from  too  high  a  temperature  in  the  shaft. 

The  writer  condemns  a  number  of  the  usual  methods  of 
dealing  with  this  evil,  and  recommends  his  own  practice,  viz.. 
drawing  off  some  of  the  gases  between  the  bosh  and  the  shaft. 
He  contends  that  coke,  exceeding  a  temperature  varying  be- 
tween 600  deg.  and  800  deg..  according  to  the  variety  of  coal, 
becomes  more  difficult  to  burn.  L'sing  such  coke,  therefore, 
as  the  shaft  temperature  reads,  the  former  becomes  more  and 
more  overheated,  and  hard  to  burn. 

.'\nalysis  shows  that  the  carbon  in  coke  is  compounded 
with  certain  quantities  of  oxygen  and  hydrogen.  Tests  showed 
that  the  specific  gravity  of  a  certain  coke,  upon  heating  from 
700  deg.  to  950  deg.,  actually  rose  by  almost  20  per  cent.  For 
blast  furnace  purposes,  coal  should  be  so  treated  that  the 
specific  temperature  of  the  coke  does  not  exceed  650  deg.  to 
800  deg..  according  to  the  quality  of  coal.  The  coke  should 
not  contain  more  than  8  to  10  per  cent  ash.  and  less  than  1 
per  cent  sulphur  and  3  per  cent  water.  It  should  not  break 
into  small  pieces,  and  at  700  deg.  to  750  deg.,  a  lively  evolution 
of  gas  should  take  place. 

Foundry  coke,  on  the  contrary,  should  be  hard  to  burn, 
and  made  from  coal,  with  the  lowest  possible  amount  of  vola- 
tile matter. 

The  author  favors  the  inclined  hoist  above  all  other  means 
of  charging  the  blast-furnace,  and  remarks  that  the  latest 
types  of  furnace  are  absolutely  dwarfed  by  huge,  subsidiary, 
but  costly  iron  erections.  Skip  loaders  were  tried,  he  says, 
in  several  American  works,  but  abandoned  in  favor  of  the  in-' 
clined  lift,  which  gives  more  equable  charging.  He  cites  the 
Illinois  Steel  Co.,  where  one  man  per  shift  looks  after  the 
charging  of  a  blast  furnace,  producing  700  tons  iper  24  hours. 
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TRADE  NOTES 
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Orton  &  Steinbrenner  Company — 
manufacturers  of  locomotive  cranes,  grab 
liuckets  and  coal  curshers.  bave  moved 
tbeir  offices  from  the  lltb  to  the  19th 
floor  of  the  Transportation  bldg.,  608  So. 
Dearborn  st. 

Iron  Products  Corporation,  New  York 
and  its  subsidiaries  The  Central  Foundry 
Company,  Central  Iron  and  Coal  Com- 
pany, Central  Radiator  Company,  Molby 
Boiler  Company,  announce  the  opening 
of  a  district  sales  office  in  the  Jefiferson 
County  Bank  building  at  Birmingham. 
.Vlabama. 

Combustion  Engineering  Corporation 
announce  that  Mr.  A.  D.  Halporn.  who 
has  been  associated  with  their  Phila- 
delphia Sales  Staflf  for  some  time,  has 
now  become  a  member  of  their  New  York 
Sales  Force. 

J.  G.  Barry,  sales  manager  of  the  Gen- 
eral Electric  Company  since  1917  and 
manager  of  its  railway  department  for 
many  years  and  A.  H.  Jackson  of  the 
Law  Department,  were  recently  elected 
vice  presidents  of  the  company  at  a  meet- 
ing of  the  board  of  directors. 

Wirherbee,  Sherman  &  Company  have 
appointed  Freyn.  Brassert  &  Company 
consulting  engineers  for  the  construction 
of  a  new  blast  furnace  at  Port  Henry, 
New  York. 

Mr.  John  F.  Schurch  has  been  elected 
a  vice  president  of  Manning,  Maxwell  & 
Moore.  Inc..  and  on  June  1st  will  take 
charge  of  their  western  sales,  with  head- 
quarters at  the  Company's  Chicago  Of- 
fice, 27-29  North  Jefiferson  st.,  Chicago. 

Announcement  is  made  of  the  incorpo- 
ration of  the  Raymond  Brothers  Engi- 
neering Com-pany,  Chicago,  for  the  manu- 
facture of  equipment  for  "Rayco"  Pulver- 
ized Coal  Systems  for  the  utilization  of 
pulverized  coal  as  fuel  in  metallurgical 
operations,  cement  plants,  and  under 
boilers  in  power  plants,  and  for  the  de- 
signing and  installation  of  such  systems. 
The  new  company  takes  over  the  busi- 
ness of  the  American  Industrial  Engi- 
neering Company  of  Chicago,  which  has 
made  a  number  of  such  installations,  and 
Mr.  L.  H.  Bergman,  who  has  been  Sec- 
retary and  Chief  Engineer  of  the  Amer- 
ican Industrial  Engineering  Company, 
will  remain  as  General  Manager  of  the 
new  company. 

The  Sanford  Riley  Stoker  Co.  has 
merged  its  interests  with  the  Underfeed 
Stoker  Company  of  America  and  its  affil- 
iated companies,  the  A.  W.  Cash  Co., 
valve  manufacturers,  Decateur,  111.,  the 
Craig  Damper  Regulator  Co.,  Detroit. 
Mich.,  and  the  Underfeed  Stoker  Co.  Ltd. 


of  Canada.  The  products  of  the  com- 
bined companies,  which  include  the 
Jones,  Riley  and  Murphy  stokers,  makes 
one  of  the  most  complete  lines  of  me- 
chanical stokers  ever  brought  together. 
Manufacturing  will  be  concentrated  at 
Detroit.  Michigan  and  Worcester,   Mass. 

The  Pennsylvania  Pump  and  Com- 
l)ressor  Company  of  Easton,  Pa.,  has  re- 
cently opened  a  district  office  at  105  West 
Monroe  street,  Chicago,  111.,  with  H.  M. 
Montgomery  in  charge. 

Tate-Jones  &  Company,  Inc.,  Furnace 
Engineers,  Pittsburgh,  Penna.,  report  the 
following  contracts  closed  by  them  with- 
in the  last  two  weeks. 

Six  (6)  furnaces  for  the  Wheeling  Steel 
Corp. 

Six  (6)  furnaces  for  the  Newton  Steel 
Company,  Newton  Falls,  O. 

One  (1)  furnace  for  Superior  Sheet 
Steel  Company,  Canton,  O. 

Equipment  for  a  new  power  station  in 
the  City  of  Maracay,  Venezyela.  South 
.America,  has  been  ordered  from  the 
Westinghouse  Electric  &  Manufacturing 
Company  by  General  Juan  Vicente 
Gomez,  President  of  the  Venezuelan  Re- 
public. The  equipment  ordered  by  the 
Venezuelan  President  consists  of  one 
500  kv-a  water  wheel  generator;  step- 
up  transformers  of  sufficient  size  to  ac- 
commodate two  generators;  24  kilometers 
of  transmission  line  with  steel  poles  and 
step-down  transformers  for  a  sub-station. 
The  Ever-Tyte  Piston  Ring  Division 
of  the  Walter  .\.  Zelnicker  Supply  Co., 
St.  Louis,  Mo.,  has  appointed  J.  H.  Per- 
koski  as  their  Pittsburgh  district  repre- 
sentative. Mr.  Perkoski  has  been  asso- 
ciated with  the  Sturtevant  Mill  Co.  for 
many  years  as  Western  Sales  Manager 
and  special  representative.  Mr.  Perkoski 
has  appointed  Mr.  Fred  C.  Laughran, 
formerly  connected  with  the  Jones  and 
Laughlin  Steel  Company  and  Mr.  Ber- 
nard Perkoski  as  his  representatives  to 
introduce  The  Ever-Tyte  Piston  Ring  in 
the  steel  plants  of  this  district.  Several 
installations  in  the  National  Tu'be  Co. 
and  the  Jones  and  Laughlin  Steel  Co. 
mills  have  proven  the  merit  of  Ever-Tyte 
Rings. 
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,\  line  of  velocity  stage  turbines  es- 
pecially designed  for  high  pressure  and 
high  temperature  steam  is  described  in 
ri  28-page  catalogue  issued  by  the  De 
Laval  Steam  Turbine  Co.,  of  Trenton. 
X.  J.  The  cast  steel  steam  chest  is  lo- 
cated in  the  casing  cover  in  order  to 
avoid  the  conduction  of  heat  to  the  bear- 
ings. In  addition  to  the  speed  governor 
and    governor    valve,    there    is    an    inde- 


pendent valve  controlled  by  an  automatic 
overspeed  trip.  The  turbines  are  built 
in  sizes  up  to  1,200  hp,  and  are  designed 
to  be  directly  coupled  to  high  speed  cen- 
trifugal pumps  and  blowers,  small  ac  and 
dc  generators,  and  by  means  of  double 
helical  speed  reducing  gears,  to  large 
pumps  and  blowers,  medium  size  gener- 
ators, belt  pulleys,  rope  sheaves  and  slow 
and  moderate  speed  machinery. 

"Regulating  Boiler  Feed  Water"  is  the 
title  of  a  booklet  which  has  just  been 
published  by  the  Northern  Equipment 
Company,  Erie,  Pa.  The  subject  has 
been  treated  in  an  entirely  new  way,  the 
object  being  to  cover  the  subject  of 
boiler  feed  water  regulation  completely 
and  yet  very  brieflj'.  To  accomplish  this 
purpose,  free  use  has  been  made  of  a 
graphical  method  of  presentation:  charts 
showing  the  eflfect  of  feed  water  regula- 
tion on  water  input,  steam  output,  feed 
water  temperature,  etc..  also  other  charts, 
photographs,  etc.  There  are  only  twen- 
ty pages  and  the  booklet  can  be  read  in 
less  than  fifteen  minutes. 

The  Conveyors  Corporation  of  Amer- 
ica, 326  W.  Madison  street,  Chicago,  have 
issued  an  illustrated  booklet  entitled 
"Cut  Ash  Handling  Costs''  which  should 
prove  to  be  of  value  to  the  power  plant 
executive  interested  in  reducing  the  boiler 
room  overhead. 

The  Electric  Furnace  Construction 
Company  of  Philadelphia  have  recently 
published  two  interesting  catalogues,  one 
on  Electric  Furnaces  for  Melting,  Re- 
fining and  Superheating  of  Iron  and 
Steel,  the  other  describes  the  "Electro" 
Steam  Boiler  developed  by  F.  T.  Kaelin. 
Chief  Engineer  of  the  Shawinigan  Water 
and  Power  Company. 

Whiting  Corporation  have  just  issued 
a  new  railway  equipment  catalogue  No. 
160,  which  supersedes  No.  145.  This 
catalogue  contains  a  description  of  the 
company's  locomotive  hoists,  coach 
hoists,  cranes,  turntable  tractors  and 
miscellaneous  other  equipment. 

The  Conveyors  Corporation  of  Amer- 
ica, 326  West  Madison  street,  Chicago. 
Til.,  have  just  issued  a  new  booklet  de- 
scribing their  American  Cast  Iron  Stor- 
age Tank,  which  is  designed  for  holding 
loose,  bulky,  dry  materials  for  storage  or 
transfer.  The  tank  is  sectional  and  may 
be  secured  in  a  number  of  sizes.  Copies 
of  the  booklet  may  be  secured  by  ad- 
dressing the  Conveyors  Corporation  at 
326  W.  Madison  street.  Chicago,  or  on 
application  to  their  district  representa- 
tives. 

"The  Surface  Combustion  Co..  Indus- 
trial Furnace  Engineers  and  Manufactur- 
ers, of  366  Gerard  ave..  Bronx,  New  York 
'City,  are  issuing  a  series  of  bulletins  per- 
taining   to    industrial    furnaces. 
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Heat  Transmission  in  the  Hot-Galvan 

izing  Process 

Describing  the  Temperature  Distribution  of  the  Process — Rate 
of  Motion  of  t.ie  Sheets  Through  the  Bath  Should  Vary  With  the 
Sheet  Thick-ess  If  Based  on  the  Factor  of  Heat  Transmission. 

By  J.  D.  KELLER 

PART  II 


FOR  the  purpose  of  mathematical  investigation,  the 
zinc  bath  may  be  considered  as  a  heat-conducting' 
medium  of  indefinitely  large  extent,  originally  at 
a  constant  temperature  throughout.  This  assumption 
is  permissible  in  view  of  the  fact  that  the  extent  of 
the  liquid  is  indeed  very  large  in  comparison  with 
the  thickness  of  the  steel  sheet  (dimensions  about  40 
in.  and  0.02  in.  respectively),  and  that  heat  is  con- 
tinually added  as  required  to  keep  the  bath  tempera- 
ture constant. 

The  inter-relation  of  temperature,  space  and  time 
in  an  infinite  medium  is  expressed  by  a  form  of  mathe- 
matical function  which  is  practically  identical  with 
the  Gauss  probability-of-error  integral  —  sometimes 
called  simply  the  "Gauss  integral"  or  "probability 
integral" — or  by  a  combination  of  such  functions.  To 
get  the  meaning  of  this  form  of  integral  clearly  in 
mind,  consider  first  that  in  an  infinite,  homogeneous 
medium,  originally  at  zero  temperature  throughout, 
a  finite  quantity  of  heat  is  developed  at  a  given  instant 
in  one  certain  infinitesimally  thin  layer  of  the  medium. 
see  Fig.  3  (called  an  "instantaneous  plane  source"). 

The  expression  for  flow  of  heat  from  this  layer 
throughout  the  remainder  of  the  medium  must,  of 
course,  satisfy  the  fundamental  Fourier  equation 

,     d'T            dT 
a}  =  (2 


dx' 


dt 


and  the  corresponding  equation  *  connecting  tempera- 
ture with  time  and  space  is 


T  = 


C. 


1 


4a»t 


yir 


(3 


V4a=t 

T  being  the  temperature  at  distance  x  from  the  layer, 
after  time  t  has  elapsed  from  the  beginning  of  the 
heat  flow,  e  is  the  number  2.718 — ,  the  base  of  Na- 
pierian logarithms.    The  factor  a^  is  a  constant,  called 


the  "dififusivity,"  which  depends  upon  the  properties 
of  the  material.  It  is  equal  to  conductivity  A  divided 
by  the  product  of  specific  heat  c  times  density  w;  or 

C,  is  a  constant  determined  by  the  quan- 


w.  c 
tity  of  heat  developed. 

If,  instead  of  being  confined  to  an  infinitesimally 
thin  layer,  the  heat  is  distributed  initially  in  some 
arbitrary  mode  through  a  section  of  the  medium  of 
finite  thickness,  then  the  temperature  equation  may 
be  arrived  at  by  considering  the  initial  temperature- 
space  curve  as  built  up  of  a  series  of  curves  of  con- 
tiguous infinitesimal  layers  (see  Fig.  4),  and  similarly 
the  temperature-space  curve  for  any  subsequent  time 
is  built  up  of  the  sum  of  the  superimposed  curves  of 
the  individual  layers.  If  the  initial  temperature  dis- 
tribution can  be  expressed  as  a  function  of  the  space 
position,  or  To  =  F  (E),  then  the  temperature  distri- 
bution for  any  subsequent  time  t  is  given  by  the  sum- 
mation 

T  ^  ^  4a»t 

T  =  . /-  F  (E)  .  e  .  dE 

V^       V4a't    )—  00 

(4 

This  can  be  simplified  by  substituting 

F X  — 

/3  =  — ,  or  E  =  x  -f  2a   V  t    ■  P 


which  gives 
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*Grober,   Grundgesetze   der  Warmeleitung. 


T  = _  J  F  (x'+  2a\/t  .  /?)  .  e 

\/Tr       —  00 

If  the  initial  temperature  is  constant,  independent  of 

X,  as  in  the  present  case,  then  F  (x  -(-  2a\/t  .  p)  =  C 
and 
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T,  =  C 


V' 


The  last  part  of  this  expression  is  simply  the  prob- 
ability integral,  which  will  in  what  follows  be  written 
G(z),  meaning  the  expression 

2      .I3  =  B-^ 

I  e  .  d^. 

\AF-  13  =  0 

The  values  of  this  integral,  for  various  values  of  the 
argument  z,  may  be  found  in  treatises  on  theory  of 
probabilities. 

If  the  heat  conducting  medium  is  of  the  same  homo- 
geneous material  throughout,  as  for  instance  in  the 
case  of  a  slab  of  hot  steel  inserted  into  a  space  between 
the  parallel  ends  of  two  long  steel  shafts  at  zero  tem- 
perature, then  the  problem  can  be  solved  f  without 
great  difficulty  by  splitting  the  integral  into  three 
parts,  thus : 


T  = 


r    To  .  ( 
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r  o  .  e  .  d^,  or    1    =  j         e 
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§   I  Moving  Liquid  Zinc  _ 
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Fig.  2 — Conditions  during  galvanizing. 

For  each  particular  evaluation  of  the  integral,  x  and  t 
are  constant,  and  E  is  the  variable  of  integration. 
This  means  that  the  limits  a  and  b  must  be  the  values 
of  y3  corresponding  to  E  =  — X  and  E  =  +X.     Sub- 


stituting in  the  definitive  equation  /3 


E  — X 


gives 


2a  Vt 

-X  —X  +X  —X 

and  a  =  .     The  temperature- 


2a  Vt 


A/T 


tlngersoU  and  Zobcl.  Mathematical  Theory  of  Heat  Con- 
duction, p.  70. 


,«pace-time  equation  is 
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Corresponding  curves  are  shown  in  Fig.  4. 

While  this  solution,  applying  to  a  homogeneous 
medium,  is  fairly  simple,  matters  become  much  more 
complicated  when  a  medium  composed  of  layers  of 
different  materials  must  be  dealt  with.  In  the  gal- 
vanizing process,  each  of  the  four  laj'ers  shown  in 
Fig.  2  has  its  own  special  difTusivity  a"  and  conduc- 
tivity A,  different  from  those  of  the  other  layers.  An 
additional  complicating  factor,  of  great  importance,  is 
the  transformation  of  latent  heat  into  sensible  heat, 
and  vice  versa,  at  the  "freezing"  or  melting  boundary 
plane  (indicated  by  [5]  in  Fig.  2),  as  the  layer  (2) 
thickens  or  shrinks.  The  temperature  equation  could 
not  be  expressed  by  one  Gauss  integral  alone,  but 
would  have  to  be  built  up  of  a  combination  of  such 
integrals.  The  extreme  mathematical  complications 
have  prevented  a  solution  being  reached.  .-V  problem 
resembling  the  present  one  in  some  respects — that  of 
determining  the  penetration  of  the  frost  boundary  into 
moist  earth — was  solved  by  Neumann,*  but  in  the  solu- 
tion only  two  layers  or  sections  of  different  substances 
were  dealt  with,  and  the  temperature  of  one  surface 
was  considered  as  being  held  constant  at  all  times. 
No  such  simplifications  can  be  introduced  in  the  pres- 
ent case. 

Without  attempting  a  rigorous  mathematical  solu- 
tion expressing  the  time-space-temperaturc  variation. 
it  is  possible  by  considering  the  extreme  or  limiting 
conditions  to  arrive  at  quite  definite  results  as  respects 
time  requirement  for  heating,  and  temperature  in- 
equalities inside  the  steel  sheet. 

In  Neumann's  solution,  referred  to  alcove,  it  was 
found  that  the  distance  of  penetration  of  the  frost- 
houndar\-  is  proportional  to  the  square  root  of  the 
elapsed  time,  this  apparently  holding  true  regardless 
of  the  relation  between  conductivity,  latent  heat,  and 
specific  heats  of  the  different  materials.  It  will  be  of 
interest  to  study  first  whether  any  such  relation  can 
be  deduced  in  the  present  case,  between  time  and  dis- 
tance through  which  the  solidification  or  melting  sur- 
face— (5)  in  Fig.  3 — has  moved  from  its  starting  plane. 
.\s  this  surface  must  maintain  a  constant  temperature 
— that  of  melting  zinc — its  motion  might  be  expected 
to  coincide  with  that  of  a  constant  temperature  plane 
expressed  by  some  equation  of  unknown  constants  but 
of  the  general  form  of  eq.  (3  or  (6.  Considering  first, 
for  simplicity,  eq.  (3,  and  denoting  any  constant  tem- 
perature T  by  C.,  the  operations  of  transposition  and 
squaring  give 


l-^)'  .  TT  .  4a=t  =  e    ^^"'^ 
C, 


*See  Riemann-Weber.  Partielle  Diff.  Gleich. 
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'I'aking  lugarithms  of  both  sides,  to  base  e,  gives 


c, 

log,   ( y-  .  ■^  .  4^H 

c 


2a-t 


\\  riting  instead  of    ( )'-   .   ""    .   4a-,   the   expression 

,  gives 


—  2a=t  .  log  (, j 


Qt 
e 


C,,t 
Qt  .  log  ( ) . 


(7 


A  brief  study  of  this  expression  shows  that  the 
distance  x  of  the  constant  temperature  plane  from  its 
starting  point  increases  rapidly  at  first,  reaches  a  maxi- 


1 


mum   when   t 


C. 


-,  then  begins  to  decrease.     The 


motion  of  one  such  constant-temperature  plane  is  in- 
dicated in  Fig.  3  by  the  series  of  points   1,  2,  3,  4,  5. 

-At  time  t  := ,  the  plane  has  come  back  to  its  start- 

ing  point. 

Extending  the  investigation  to  the  case  of  a  layer 
of  finite  thickness,  equation  (6,  the  expression  for  the 
motion  of  the  constant-temperature  plane  is  found 
to  be  very  similar  to  that  of  the  preceding  case.  It 
has,  however,  an  additional  term  which  takes  care  of 
the  fact  that  the  motion  now  starts,  not  at  the  origin, 
but  at  the  surfaces  of  contact  of  the  finite  with  the 
infinite  sections.    The  equation  for  this  case  is 


=  \/  X-  —  2a-t 


loge 


[( 


To .  4  X 


-)-  .'n-  .  4a-t]  or 


=  Vx= 


Qt. 


Q.t 

log  ( ) , 


(8 


in  which  x  is  the  distance  of  the  constant-temperature 
plane  from  the  origin,  taken  at  the  center  of  the  finite 
section ;  X  is  half  the  thickness  of  that  section  ;  C4 
and  C-,  are  constants  depending  upon  the  initial  tem- 
perature To,  the  constant  temperature  T  and  the 
thermal  properties  of  the  material ;  and  the  other  sym- 
bols have  the  same  meaning  as  above.  The  form  of 
curve  corresponding  to  equation  (8  is  shown  by  the 
broken  line  (D)  in  Fig.  5. 

This  equation  expresses  the  motion  of  a  constant- 
temperature  plane  in  a  medium  which  is  homogeneous 
throughout  and  is  free  from  latent  heat  or  heat-of- 
fusion  effects.  \Miether  it  will  apply  in  the  more  com- 
plicated case  under  consideration  depends  at  least  in 
part  upon  the  boundary  conditions.  Referring  to  Fig. 
2.  temperature  T^^,  is  constant  and  equal  to  the  melting 
point  of  zinc,  786  deg.  F.  *  Tj,  is  also  constant,  or 
at  any  rate  its  variation  is  negligibly  small,  because 
heat  transmission  occurs  with  extreme  rapidity  in  the 


*If  the  zinc  bath  has  become   contaminated   by  absorbing 
much  iron,  the  fusion  temperature  is  higher. 


violently  agitated  zinc  bath  (4).  Finally,  there  is  no 
reason  why  the  resistance  of  film  (3)  should  vary,  if 
rate  of  motion  of  the  sheet  through  the  bath  is  con- 
stant. The  conclusion  from  these  considerations  is 
that  the  rate  of  heat  transmission  must  also  be  con- 
stant. Heat  is  transferred  from  the  bath  (4)  through 
film  (3)  at  an  unvarying  rate,  entirely  independent  of 
the  rate  at  which  heat  is  being  taken  up  by  the  steel 
sheet.  The  film  of  zinc  acts  in  effect  as  a  heat-reser- 
voir, first  giving  out  and  later  absorbing  heat  as  re- 
quired to  make  up  the  difference  between  rate  of  sup- 
ply from  the  bath  and  rate  of  absorption  by  the  sheet. 
At  the  first  contact,  the  sheet  is  taking  up  heat  at  an 
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Fig.  3 — Flow  of  heat  from  an  infinitesimal  layer. 

enormous  rate,  and  the  zinc  must  solidify  quickly  in 
order  to  evolve  the  make-up  heat.  Later,  the  sheet 
absorbs  heat  less  quickly  than  it  is  supplied,  and  the 
melting  of  the  zinc  takes  up  the  excess.  Mathemati- 
cally expressed,  this   takes  the   form  of  the  equation 

dx  dT, 

W,  .  Q  .  _  =  ^,  .  — :_  _  k  .  (T,,  -  T,,) ....  (9 


dt 


dx 


applying  to  the  boundary  surface  (5),  Fig.  2  .  w,  is 
the  density  of  the  zinc,  Q  its  heat  of  fusion,  and  A,  its 
conductivity ;  k  is  the  coefficient  of  heat  transmission 
through  film  (3). 

As  stated  above,  the  relative  effect  of  the  various 
factors  can  be  brought  out  most  clearly  by  carrying 
conditions  to  extremes.  First,  suppose  that  heat  of 
fusion  is  finite,  specific  heat  is  finite,  but  that  the  con- 
ductivities of  the  steel  sheet  and  of  the  solid  zinc  film 
are  indefinitely  large,  in  comparison  with  the  rate  of 
heat  input.  Then  the  temperatures  would  equalize  al- 
most instantaneously  in  the  interior  of  the  sheet  and 
in  the  zinc  film  ;  the  surface  (5)  would  move  outward 
with  practically  infinite  velocity  to  its  maximum  dis- 
tance, after  which  the  film  (2)  would  melt  off  at  a  uni- 
form rate.  This  is  indicated  by  the  dot-dash  curve 
(F)  in  Fig.  5. 

The  maximum  thickness  x.,  of  the  solid  film,  repre- 
sented by  the  point  (A)  in  that  figure,  can  be  de- 
termined from  the  consideration  that  (under  these  par- 
ticular conditions)  all  of  the  heat  absorbed  by  the  steel 
sheet  must  come  from  the  solidification  and  cooling  of 
the  zinc  film  (2),  or 
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:,  .  X  .  (T,,  -  T,,)  =  (x,  -  X)  .  w,  . 
[Q  +  Q.  (T„-T,,)]. 

Substitution  of  numerical  values  gives 

(x^-X) 


limit 


2X 


488  X  0.133  X   (786  —  60) 


=  0.965 


2  X  430  X  [0.105  X  (850  —  786)  +  50] 
The  thickness  of  the  solid  zinc  film  on  either  side 
could  never  exceed  96J/2  per  cent  of  the  thickness  of 
the  steel  sheet.  Actually  it  must  be  considerably  less 
than  that,  first,  because  the  conductivity  is  not  infinite, 
and  not  quite  so  much  heat  is  absorbed  by  the  steel  as 


-Distance- 
Fig.  4 — Flow  of  heat  from  a  slab  of  finite  thickness. 

would  be  the  case  if  its  temperature  rose  at  once 
throughout  to  that  of  melting  zinc;  second,  because 
film  (2)  does  not  attain  its  maximum  thickness  in- 
stantly, but  requires  a  finite  time  interval,  during  which 
heat  flows  in  through  surface  (5),  so  that  less  heat  need 
be  furnished  by  solidification  of  zinc. 

At  the  other  extreme,  suppose  that  conductivity 
and  specific  heat  are  finite,  but  heat  of  fusion  is  zero. 
Then  the  curve  of  motion  of  the  surface  (5)  would  be 
of  the  form  expressed  by  equation  (8  and  shown  by 
the  broken  line  (D)  in  Fig.  5. 

The  true  curve  of  motion  will  evidently  have  a 
form  intermediate  between  the  two,  and  nearer  to  the 
one  or  the  other  as  the  influence  of  conductivity  or  of 
heat-of-fusion  varies  in  comparison  to  rate  of  heat 
input.  The  solid  line  (E)  of  Fig.  5  represents  one 
such  curve. 

Considering  again  equation  (9  as  applied  to  the 
conditions  of  the  first  limiting  curve,  (F)  of  Fig.  5, 
it  is  evident  that  as  the  second  term  drops  out — the 
steel  sheet  in  this  case  being  at  uniform  temperature 
throughout  and  absorbing  no  heat  after  the  peak  (A) 
of  the  motion  curve  is  passed — ^the  slope  of  curve  (F) 
would  be 

dx          -  K  .  (T„  -  T,,) 
=^  =  constant. 


dt 


W,  .  Q 


The  slope  of  curve   (P)   in  Fig.  2,  when  the  solid 
film  has  just  disappeared,  would  of  course  be 

dT,             dTj 
=  =  zero. 


As  applied  to  the  second  limiting  curve  (D)  in 
Fig.  5,  the  first  term  of  equation  (9  disappears  (Q  = 
zero)  and  this  would  give 


dT^ 
dx 


(T„  -  T,J 


dT,               dT, 
At  point   (15)  in   Fig.  2,  \.,  — —  =  \^  ,  hence 


dT,                          k  .  (T,, 
would  equal  


dx 


dx 


dx  '  Ai 

In  the  actual  case,  to  which  some  motion  curve  of 

dT, 

the  form  of  (E)    in    I'ig.   5   applies,  the  value  of  

dx 

will  lie  somewhere  between  these  limits.  That  is  to 
say,  the  slope  of  the  temperature-space  curve  at  the 
surface  of  the  steel  sheet  and  at  the  instant  when  the 
solid  zinc  film  has  just  disappeared  (point  [15]  in 
Fig.  2)  be  greater  than  zero  and  less  than 


dx 


k  .   (T„ 


T,J 


K 


(10 


This  furnishes  a  means  of  finding  the  limiting  tem- 
perature difiference  inside  the  steel  sheet.  As  stated 
above,  the  equation  of  curves  (M),  (N)  and  (P)  of 
Fig.  2  are  Gauss  integrals;  however,  the  constants  are 
unknown.  Curve  (P)  for  any  one  time  may  be  ex- 
pressed thus : 

T,  =  /,  A,  .0  [B,  .(X-x)] 
1/2  A,.  G  [B,  .  (_X-x)]. 

Differentiation  gives  the  slope  as 

dT,  2 


.(11 


/.  A,  B,  . 


[e 


dx 
B,=  .(X  — x)  = 


Br(-x-x)^ 


(1- 


dx 


dx 


By  equating  (10  and  (12  and  substituting  numerical 
values,  the  constants  A,  and  B,  may  be  determined. 
Of  course  they  apply  only  for  one  fixed  time,  and  equa- 
tion (11  can  only  express  the  variation  of  temperature 
with  space,  and  not  with  time.  Substituting  the  con- 
stants thus  found  in  (11,  the  limiting  values  of  tem- 
perature T,  may  be  found  at  x  =  0,  the  center  of  the 
sheet. 

It  should  be  understood  that  the  temperature  to- 
ward which  all  parts  of  the  system  are  approaching — 
in  this  case  the  temperature  of  the  zinc  bath — is,  in 
these  equations,  taken  as  the  zero  point,  merely  for 
convenience  of  calculation.  Whether  the  finite  section 
surrounded  by  an  infinite  medium  approaches  the 
temperature  of  the  medium  from  above  or  below  that 
temperature,  is  immaterial  so  far  as  regards  the  form 
of  the  equations  or  curves.  To  reduce  to  the  Fahren- 
heit scale,  all  that  is  required  is  to  add  786,  the  tem- 
perature of  melting  zinc. 

For  example,  consider  a  sheet  of  No.  24  gage,  0.025 

0  025 

in.  thick.    X  = '■ =  0.00104  ft.    k  will  be  taken 

2  X   12 

as  400.     Btu  per  square  foot,  degree  F.   and  hour. 


August,  1922 


D,p51e.sfFumacpSSUPlanl 


411 


Aj  =  34,  \„  =  65  Btu  per  sq.  ft.  hour,  deg.  F.  and  ft. 
thickness.  T^  is  taken  as  the  zero  toward  which  all 
temperatures  are  approaching,  and  T,.,  is  taken  as 
786  —  850  =  —  64. 


—  400  X  64 . 


-  >^  A,  .  B, 


34. 


V^ 


B^^  (—0.00208)^' 


[1  -e 

—  64  =  ^  Ai  .  G  (0)  —  ^  Ai  .  G  [Bi  .  (—0.00208)] 

Solving  graphically,  j^  A^  =  — 376,  Bj  =  73. 

Tj  =  376  .  G  [75  .  (_X— x)J  —  376  .  G 
[73  (+  X-x)]. 

At  the  center  of  the  sheet,  Tj  =  — 64-5  deg.  This 
means  that  the  difference  of  temperature  between  cen- 
ter and  surface  of  sheet  can  not  exceed  one-half  of  one 
degree  F. 

This  result  can  be  checked  approximately  in  an- 
other manner,  namely  by  comparing  with  a  cosine 
curve  having  the  same  slope  at  point  (15).     It  is  well 


5?< 

(71    11 
c   ^ 


*-*-  c 
a  p 


Time  —  t 
(Also,  position  of  sheet  in  its  path  through  zinc  both}.. 

Fig.  5 — Curves  of  motion  of  solidification  or  melting  surface. 

known  that,  after  heat  transmission  has  been  in  prog- 
ress for  some  time,  the  space-temperature  curves  very 
nearly  coincide  with  sine  or  cosine  curves.  Differen- 
tiating the  equation 

■^  X 

T  =  —  64  —  B..  cos  (—  X  — ) 


gives 


dT 
dx 


?X 


'^        X 
B..  .  sin   ( —  .  — I, 

2       X 


and  for  x  =  X, 


dT 
dx 


IX 


B,. 


But  from  equation  (10 

dT  k(T„-T,J 


400  X  64 


dx 


A,  34 

752  deg.  per  foot. 


B,  =  0.50,  and  T  =  —  64  —0.50  cos  (—  X  — )• 

2         X 

At  the  center  of  the  plate,  X  =  0,  cos  0=1,  and 
T  ^  — 64  —  0.50  or  the  temperature  of  the  center  of 
the  plate  would  be  0.50  deg.  lower  than  that  of  the 
surface. 

If  the  plate  were  No.  16  gage,  0.0625  in.  thick,  and 
if  k  remained  the  same,  400  Btu  per  sq.  ft.,  hour  and 
deg.  F.,  the  greatest  possible  temperature  difference 
between  center  and  surface  would  be  1.3  deg.  F.  But 
the  thicker  sheet  must  move  more  slowly  through  the 
bath,  and  as  explained  in  part  I,  k  would  decrease  to 
about  120.  for  No.  16  gage  sheet.  The  maximum  tevn- 
perature  difference  in  that  case  would  be  0.38  deg.  F. 

It  may  be  well  to  repeat  that  these  are  the  maxi- 
mum or  limiting  temperature  differences,  and  that  the 
further  the  curve  of  motion  of  the  zinc  solidification 
surface  departs  from  the  form  of  (D),  Fig.  5,  and  tlie 
nearer  it  approaches  (F),  the  less  is  the  temperature 
difference  in  the  steel  sheet. 

While  the  above  mathematical  treatment  is  far  from 
complete,  it  does  at  least  show  that,  for  any  reason- 
able thickness  of  sheet,  the  steel  is  heated  practically 
uniformly  throughout ;  and  that  the  time  required  for 
the  surface  to  reach  the  galvanizing  temperature  is 
practically  independent  of  the  temperature  gradient  in 
the  steel,  and  is  directly  proportional  to  the  reciprocal 
of  the  rate  of  heat  transmission. 


PYROPHOROUS  BLAST  FURNACE  DUST 

The  dust  collecting  in  the  upper  portions  of  tlie 
shafts  of  blast  furnaces  and  in  the  filter  bags  of  dry  gas 
purifiers  is  apt  to  catch  fire  spontaneously  or  when  dis- 
turbed. At  Wissen  in  Westphalia  it  was  observed 
that  the  dust  heaps  would  begin  to  smoulder  in  a  few 
hours  or  days,  especially  heaps  of  very  fine  dust  set- 
tling at  some  distance  from  the  furnace.  The  still  finer 
filter  bag  dust,  weighing  only  about  a  quarter  of  the 
coarser  blast-furnace  dust,  was  worst,  and  the  men 
had  to  be  very  quick  and  keep  the  gas  suction  going, 
when  exchanging  the  gas  bags,  to  prevent  the  bags 
from  catching  fire.  The  investigation  started  at  Wissen 
on  behalf  of  the  Blast-Furnace  Section  of  German  Iron 
Men,  on  which  J.  W.  Gilles  reported  in  Stahl  und  Eisen, 
of  June  8,  pages  884  to  891,  is  not  complete  yet :  hut  it 
shows  that  two  substances  are  mainly  responsible. 
The  dust  contained  neither  metallic  iron  (to  be  re- 
moved bv  magnets),  nor  metallic  zinc,  nor  was  it  rich 
in  carbon.  But  it  was  rich  in  manganous  oxide,  and 
at  Burbach  and  Neuenkirchen  (Saar  district),  where 
similar  trouble  had  been  experienced,  rich  in  ferrous 
oxide ;  both  these  protoxides  are  known  to  be  pvro- 
phorous.  Sulphides  present  in  the  dust  do  not  seem 
to  be  concerned  in  the  phenomenon,  nor  had  the  potash 
any  influence,  though  the  whole  mass  might  become 
hot  when  the  potash  absorbed  moisture.  When  the 
dust  is  once  allowed  to  cool  under  exclusion  of  the  air, 
it  will  not  catch  fire  readil}'  afterwards  until  heated  up; 
but  old  dust  heaps  need  only  be  stirred  up  with  the 
shovel  to  begin  to  glow.  The  temperature  to  start 
ignition  seems  to  range  from  167  deg.  C  (fresh  dust) 
up  to  120  deg.  C.  (old  dust).  When  the  dust  is  heated 
in  the  presence  of  air  so  that  the  carbon  is  burnt  out, 
and  then  cooled,  and  reheated  in  a  current  of  hydrogen 
or  of  illuminating  gas,  it  proves  highly  pyrophorous. 
This  treatment  would  result  in  the  formation  of  pro- 
toxides of  iron  and  manganese. 
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Efficient  Operation  of  tfie  Blast  Furnace 

A  Great  Deal  Can  Be  Done  to  Improve  Stove  Operation  by  the 
Application  of  Mechanical  Draft — Forced  Draft  Burners  Can 
Also  Be  Applied  to  Advantage. 

By  T.  A.  PEEBLES 


IT  is  difficult  to  establish  standards  for  operation  in- 
volving the  combustion  of  fuel  which  can  be  applied 
to  a  variety  of  conditions.  This  is  especially  true  of 
blast  furnace  operation,  because  of  the  nature  and  num- 
ber of  variables  to  be  considered.  It  may  be  assumed, 
however,  that  a  modern  furnace,  producing  550  tons  of 
pig  iron  per  day,  will  have  a  2,000-pound  coke  rate  and 
will  produce  about  134,000  cubic  feet  of  dry  gas  per  ton 
of  pig  iron  produced,  with  a  heating  value  of  100  Btu. 
per  cubic  foot.  This  quantity  of  gas  is  considerably  in 
excess  of  the  amount  required  for  heating  the  stove  and 
producing  the  necessary  power  and  auxiliary  steam,  so 
that  the  isolated  blast  furnace  is  not  interested  in  the 
economical  use  of  gas.  This  fact  probably  accounts  for 
some  of  the  inefficient  practices  that  have  developed  in 
the  past,  even  at  furnaces  so  located  that  their  excess  gas 
might  not  be  used  in  other  processes  of  steel  manufacture. 

At  many  of  the  older  furnaces  30  per  cent  of  the  gas 
generated  will  be  used  for  heating  the  stoves  and  35  per 
cent  for  auxiliary  power,  blowing,  direct  steam,  etc., 
leaving  35  per  cent  available  for  outside  power.  A  boiler 
plant  operating  at  60  per  cent  efficiency  can  develop  1925 
hp.  continuously  from  this  quantity  of  gas.  It  has  been  as- 
sumed that  the  35  per  cent  of  the  total  gas  which  goes  for 
blowing,  auxiliary  power,  etc.,  is  also  used  for  producing 
steam  under  boilers,  operating  at  an  efficiency  of  60  per 
cent. 

It  has  been  proven  possible  to  operate  blast  furnace 
gas  fired  boilers  at  an  operating  efficiency  of  80  per  cent 
and  if  the  35  per  cent  of  total  gas  used  for  blowing  and 
auxiliary  power  had  been  used  to  generate  steam  at  80 
per  cent  efficiency,  instead  of  60  per  cent,  the  proportion 
of  gas  thus  required  would  be  reduced  from  35  per  cent 
to  26.25  per  cent.  At  the  same  time  more  efficient  com- 
bustion at  the  stove  will  reduce  the  gas  required  from  30 
per  cent  of  the  total  to  25  per  cent  or  slightly  less.  The 
total  gas  required  at  the  blast  furnace  plant  is  therefore 
51.25  per  cent,  leaving  48.75  per  cent  available  for  out- 
side power,  which  at  80  per  cent  efficiency  will  produce 
3,575  boiler  horsepower  continuously,  an  increase  of 
1 ,650  horsepower  over  old  practice. 

This  represents  a  very  substantial  saving,  even  in  a 
large  steel  mill,  where  it  is  customary  to  deal  in  large 
quantities,  and  justifies  a  careful  study  of  the  problem. 

It  is  first  necessary  to  render  as  much  gas  available 
for  boilers  as  possible,  by  most  efficient  utilization  of  that 
required  to  heat  the  stoves.  Present  practice  consists  of 
delivering  the  gas  under  whatever  pressure  exists  in  the 
main,  drawing  in  the  air  for  combustion  by  induction  of 
the  inflowing  gas,  and  by  the  suction  in  the  first  pass  of 
the  stove.  The  burners  are  usually  set  to  provide  a  suf- 
ficient quantity  of  gas  when  the  line  pressure  is  low, 
with  the  result  that  during  times  of  normal  or  high  pres- 
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sure  a  considerable  excess  is  being  used.  The  variations 
in  gas  delivered  also  effects,  to  a  certain  extent,  the 
amount  of  air  supplied  for  combustion,  but  due  to  the 
variations  of  draft  inside  the  stoves  the  introduction  of 
air  is  not  proportioned  in  accordance  with  gas  delivered. 
Under  such  conditions,  the  most  efficient  combustion  is 
impossible  and  an  unnecessary  quantity  of  gas  is  re- 
quired at  the  stoves. 

A  great  deal  can  be  done  to  improve  stove  operation 
by  the  application  of  mechanical  draft.  Forced  draft  ap- 
plied to  the  delivery  of  combustion  air  can  be  automat- 
ically regulated  in  such  a  manner  that  the  correct  quan- 
tity of  air  can  be  delivered  in  accordance  with  the  quan- 
tity of  gas  being  burned,  and  this  correct  proportion  be- 
tween air  and  gas  will  not  be  disturbed  by  variations  in 
furnace  draft.  This  can  be  accomplished  by  designing  a 
burner  which  will  give  the  correct  proportions  between 
air  and  gas,  when  the  relative  pressures  are  equal.  y\uto- 
matic  regulation  can  then  be  applied  to  maintain  the  air 
pressure  equal  to  the  gas  pressure  and  the  correct  heats 
of  air  and  gas  will  be  dehvered,  regardless  of  variations 
of  draft  inside  the  stove. 

The  application  of  induced  draft  to  stove  operation 
makes  possible  additional  improvement  in  economy.  The 
temperature  of  gases  leaving  a  cold  stove  will  be  ap- 
proximately 300  deg.  F.  and  the  draft  available  for  re- 
moving products  of  combustion  is,  therefore,  eliminated. 
As  the  stove  heats  up  the  draft  capacity  increases  until  a 
temperature  of  about  600  deg.  F.  is  reached.  When  the 
temperature  goes  above  this  point  the  weights  of  prod- 
ucts of  combustion  which  the  chimney  can  handle  will 
decrease,  because  the  density  of  the  products  of  com- 
bustion decrease  more  rapidly  than  the  velocity  increases. 

The  application  of  induced  draft  makes  it  possible  to 
overcome  the  difficulty  and  at  the  same  time  makes  pos- 
sible the  use  of  a  suitably  designed  recuperator.  A  hot 
stove  will  discharge  the  products  of  combustion  at  tem- 
peratures as  high  as  1100  deg.  F.  and  a  large  amount  of 
heat  is  lost.  A  suitably  designed  recuperator  can  be  em- 
ployed to  absorb  a  substantial  quantity  of  heat  from  the 
escaping  gases,  which  can  be  used  for  preheating  the  com- 
bustion air,  thereby  improving  the  economy  of  the  entire 
cycle  and  making  possible  higher  stove  temperatures, 
when  desired. 

The  next  step  in  tlie  efficient  utilization  of  blast  fur- 
nace gas  is  to  provide  boilers  properly  designed  for  pe- 
culiar services  with  the  most  efficient  type  of  burners. 
The  boilers  should  have  a  long  gas  travel,  in  contact  with 
the  tubes,  because  the  furnace  temperatures  are  com- 
paratively low  and  a  large  weight  of  gas  is  required  per 
horsepower. 

Forced  draft  burners  can  also  be  applied  to  advan- 
tage.    There  are  two  diiTerent  types  available: 

First — Burners  have  definite  areas  of  air  and  gas 
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passages.  In  some  cases  equal  areas  are  employed  and 
the  correct  relation  between  air  and  gas  pressure  required 
for  correct  proportions  are  maintained  automatically. 
The  gas  pressure  is  allowed  to  vary  in  accordance  with 
the  furnace  operation  and  the  air  pressure  automatically 
maintains  the  predetermined  relation  between  air  pres- 
sure and  gas  pressure.  If  unequal  air  and  gas  pressures 
are  employed,  it  is  important  that  uniform  furnace  draft 
be  automatically  maintained,  because  a  variation  in  fur- 
nace draft  has  a  different  effect  on  the  rate  of  flow  of 
the  air  and  gas,  if  they  are  delivered  under  different  pres- 
sures. This  objection  can  be  overcome  by  employing 
burners  designed  to  give  the  proper  relation  between  air 
and  gas,  when  the  two  pressures  are  equal.  In  this  case 
a  change  in  furnace  draft  effects  both  air  flow  and  gas 
flow  equally,  and  will  not  disturb  the  established  pro- 
portions. 

Second — The  gas  burners  at  the  boilers  may  be  de- 
signed to  act  as  pressure  regulators  on  the  entire  gas  sys- 
tem. Each  burner  contains  a  damper  for  the  control  of 
air  supply,  and  these  dampers  are  automatically  con- 
trolled from  variations  in  gas  pressure.  A  predetermined 
gas  pressure  is  established,  which  it  is  desired  to  main- 
tain  automatically   means   provided    for    delivering    the 


necessary  quantity  of  air  at  a  pressure  equal  to  the  gas 
pressure.  The  dampers  in  each  boiler  controlling  the 
air  supply  and  gas  supply  are  operated  in  accordance  with 
variations  in  gas  pressure.  An  increase  in  gas  pressure 
results  in  an  increased  opening  of  air  and  gas  dampers, 
thereby  maintaining  an  increased  flow  of  both  air  and 
gas  between  them,  in  the  correct  proportions.  On  the 
other  hand,  a  decrease  in  gas  pressure  results  in  a  re- 
duced opening  of  these  dampers  and  the  tendency,  there- 
fore, is  to  maintain  constant  gas  pressure  in  the  mains 
and  to  secure  most  efficient  combustion  of  all  the  gases 
available  for  the  boilers. 

The  burning  of  blast  furnace  gas  has  not  kept  pace 
with  the  development  in  the  efficient  use  of  other  fuel, 
but  there  are  many  indications  that  blast  furnace  opera- 
tors are  prepared  to  give  this  matter  the  attention  which 
its  importance  justifies.  Suitable  burners  for  properly 
proportioning  air  and  gas,  as  well  as  automatic  devices 
for  their  regulation,  have  been  developed,  and  are  in  suc- 
cessful operation  in  a  number  of  plants.  These  plants 
show  better  overall  economy  than  plants  operating  with- 
out this  equipment,  the  difference  being  much  more  than 
is  necessary  to  justify  the  cost  of  installation. 


Effect  of  Sulphur  on  Rivet  Steel 

Discussion  of  a  Committee's  Report  On   Effect  of  Sulphur  On 
Rivet  Steel,  American  Society  For  Testing  Materials,  June  28,  1922 

By  J.   S.   UNGER 


FOR  more  than  40  years  the  question  of  the  effect 
of  Sulphur  in  steel  has  attracted  the  attention  of 
metallurgists.  Much  study  has  been  given  to  this 
subject,  extending  so  far  as  to  include  the  several 
chemical  forms  or  combinations  in  which  it  exists,  par- 
ticularly in  cast  iron. 

Within  a  period  of  20  years,  the  tonnage  of  steel 
made  by  the  two  principal  processes,  the  Bessemer 
and  the  Basic  Open  Hearth,  has  undergone  a  great 
change.  In  1900  about  65%  of  the  total  tonnage  was 
Bessemer— in  1920,  257c.. 

With  the  change  in  Processes  came  a  change  in 
the  sulphur  content  in  steel,  the  average  sulphur  in 
Bessemer  steel  being  at  least  .065,  against  .040  in  the 
basic  open  hearth.  Structures  of  all  kinds  built  from 
20  to  40  years  ago  of  Bessemer  steel,  are  still  in  service 
today,  being  one  of  the  best  evidences  that  steel  may 
contain  a  considerably  higher  percentage  of  sulphur 
than  is  permissible  in  present  basic  open  hearth  speci- 
fications, and  still  give  years  of  excellent  service. 

Additional  evidence  is  found  by  making  a  stud\- 
of  soft,  medium  and  hard  steel  parts,  which  have  worn 
out  in  service,  giving  a  good  life,  and  which  in  man\- 
cases  have  contained  more  than  .065  sulphur.  On  the 
other  hand,  equally  convincing  evidence  is  foimd  for 
the  same  kinds  of  steels  failing  after  a  short  time  in 
similar  service,  in  which  the  sulphur  has  been  uncler 
.040.  Evidence  of  the  above  kind  is  enough  to  make 
one  hesitate  in  forming  an  opinion  whether  a  reason- 
able amount  of  sulphur,  say  under  .100,  is  detrimental 
or  otherwise.     These  facts  conflict  with  the  generally 


accepted  opinion  that  steel  is  of  poor  quality  and  should 
not  be  used  for  any  important  work,  unless  it  be  low  in 
sulphur.  I  sincerely  hope  the  committee  will  give 
this  angle  of  their  work  serious  consideration  in  their 
future  studies. 

In  discussing  the  committee's  preliminary  report, 
I  have  copied  graphs  from  their  report,  combining  a 
number  of  their  graphs  on  a  single  sheet  and  inserting 
a  line  for  sulphur  in  order  that  it  may  be  more  easily 
and  quickly  comprehended. 

In  this  chart,  I  have  shown  the  composition  curves 
for  carbon  and  manganese  at  the  bottom,  adding  a  line 
for  the  sulphur  content.  Since  ordinates  and  abscissas 
are  in  percentages  of  sulphur,  the  line  for  sulphur  be- 
comes a  gradually  rising  straight  line. 

The  eft'ect  of  the  Carbon  and  Manganese  in  the  sev- 
eral heats  is  clearly  shown  by  the  approximate  parallel- 
ism of  the  composition  curves  with  those  representing 
the  Tensile,  Shearing,  Torsion.  Impact  and  Hardness 
curves.  All  the  curves  for  the  physical  properties  are 
not  showm  as  there  is  not  sufficient  space  on  the  chart. 

The  striking  thing  in  the  chart  seems  to  be  that 
changes  in  the  Carbon  and  Manganese  content  are  im- 
mediately reflected  by  similar  changes  in  the  physical 
properties  of  the  several  heats  with  little,  if  any,  change 
due  to  the  increasing  sulphur.  It  is  almost  impossible 
to  make  a  number  of  heats  of  steel  containing  exnctly 
the  same  percentage  of  carbon  and  manganese.  Since 
this  is  true,  it  is  practically  impossible  to  determine  the 
effect  of  sulphur  if  other  variables  in  composition  exist 
in  the  steel. 
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Fig.  1. 


In  studying  this  ?ame  problem  during  1915,  I  be- 
lieved it  best  to  use  the  same  heat  of  steel,  but  to  vary 
the  sulphur  content  in  the  individual  ingots  of  the  heat. 
My  results  were  given  in  full  in  a  paper  before  the 
Society  of  Automotive  Engineers,  in  January,  1916,  and 
later  in  a  paper  before  the  American  Boiler  Manufac- 
turers, in  June,  1916. 

Many  persons  are  inclined  to  believe  that  sulphur 


added  to  steel  does  not  have  the  same  effect  as  residual 
sulphur  remaining  in  the  steel,  but  it  is  surprising  how 
closely  my  results,  obtained  bv  added  sulphur,  check 
the  results  of  the  committee's  work  with  residual  sul- 
phur, when  allowances  are  made  for  the  effects  of  the 
variations  in  the  carbon  and  manganese  in  the  several 
heats. 

The  committee's  work  was  confined  to  rivet  steel, 
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but  this  same  quality  steel  is  used  in  making  wire  prod- 
ucts, tubular  products  and  sheets.  The  specifications 
for  such  products  specifies  the  composition  and  some- 
times calls  for  tensile  tests  and  bending  tests.  The 
fitness  of  the  steel  is  determined  by  the  working  of 
steel  during  fabrication  and  by  such  shop  tests  as  flat- 
tening, bending,  hydrostatic  or  heading  tests.  On 
pages  9,  10,  11  and  25  of  the  report,  some  shop  tests 
were  made,  showing  very  little  differences  among  the 
steels.  These  are  some  of  the  commercial  tests  em- 
ployed by  the  user  to  show  whether  the  steel  is  of  good 
quality,  yet  the  committee,  beyond  stating  what  was 
done  have  not  made  any  comment  on  the  quality.  In- 
stead physical  or  mechanical  tests  of  many  kinds  were 
made,  very  few  of  which  are  ever  regularly  used  in 
the  arts,  and  the  graphs  presented  to  show  the  quality. 
I  have  examined  the  complaints  or  claims  for  rivet 
steels  covering  a  period  from  1911  to  1922  or  11  years. 

They  show  the  following  percentages: 

For  Quality 

Mixed  steel,  and  Tensile  Strength 15% 

For  Surface 

Mechanical  Defects,  Seams,  Pipe,  Split  Heads  28% 


For  Rolling 

Out  of  round — Variation  in  Size 6% 

For  High  Sulphur 51% 

Total    lOO'/o 

This  table  shows  that  more  than  one-half  of  the 
complaints  were  due  to  high  sulphur,  in  most  casts 
causing  the  rejection  of  the  steel  without  any  effort 
being  made  on  the  part  of  the  user  by  shop  or  service 
tests  to  see  if  the  steel  was  really  bad  or  unfit  for  use. 

The  committee  has  refrained  from  drawing  con- 
clusions from  their  work.  The  graphs  are  not  easily 
understood  by  the  layman.  Considerable  time  has 
elapsed  since  the  work  was  begun.  Probably  a  much 
longer  time  will  be  needed  for  the  study  of  the  medium 
and  harder  varieties  of  steel.  In  the  meantime,  much 
commercially  good  steel  is  being  thrown  away.  The 
producer  and  consumer  are  awaiting  the  verdict. 

I  ask  the  committee  to  hasten  their  work,  drawing 
conclusions  as  they  proceed  and  completing  the  work 
at  an  early  date.  This  will  be  of  great  benefit  to  our 
society,  settling,  partially  at  least,  a  controversy  of 
many  years  standing. 


Economically  Burning  Liquid  Fuel 

Factors  Affecting  the  Use  of  Air  in  Oil  Burning  With 
Comparison  of  Cost. 

By  W.  C.  BUELL,  JR. 
Buell,  Scheib  and  Mueller,  Inc.,  Pittsburgh,  Pa. 


THE  question  of  the  advantages  to  be  found  in  burn- 
ing liquid  fuels  with  air  under  various  pressures 
has  been  the  subject  of  considerable  discussion,  but 
little  has  been  written  on  the  subject  and  figures  of 
comparative  performance  are  entirely  lacking. 

This  subject  is  one  of  sufficient  importance  for  a 
careful  analytical  discussion,  as  the  summary  at  the 
end  of  this  paper  will  show.  As  nearly  every  industry 
burns  more  or  less  oil  or  tar  the  subject  is  one  of  quite 
general  interest,  and  a  consideration  of  the  summary 
of  the  analysis  made  hereafter  will  clearly  show  that  it 
is  possible  to  waste  a  large  amount  of  money  in  pur- 
chasing a  selected  fuel  or  in  using  air  that  must  be  re- 
duced in  pressure  to  meet  the  requirements  of  com- 
bustion. 

An  examination  of  the  oil  burning  systems  offered 
for  industrial  heating  practice  will  indicate  that  there 
are  three  general  types  of  oil  burners  classified  on  a 
basis  of  air  pressures  at  the  source  of  supply  from  which 
they  operate,  and  somewhat  along  the  following  line ; 

(a)  Those  burners  employing  so-called  "volume"  air 
which  is  moved  by  high  speed  fan  blowers  and  delivered 
to  the  burners  at  pressure  from  4  to  10  or  12  ounces. 

(b)  Those  burners  operating  on  so-called  "positive" 
air  which  is  delivered  to  the  burners  by  displacement  or 
turbine  type  machines  and  occasionally    by    very    high 

♦Abstract  of  paper  presented  before  Engineers'  Society  of 
Western  Pennsylvania. 


speed    centrifugal    fans,   at   pressures    ranging    from    12 
ounces  to  2  pounds. 

(c)  The  burners  utilizing  "high  pressure"  air  which 
is  dehvered  to  the  burners  from  compressor  lines  in 
which  pressures  ordinarily  run  from  50  to  60  or  100 
pounds  gauge. 

Each  of  the  three  foregoing  systems  has  its  advo- 
cates and  it  is  usual  for  the  manufacturers  of  oil  burn- 
ing equipment  to  follow  the  lines  of  least  resistance 
when  making  recommendations  and  to  propose  equip- 
ment using  the  air  pressure  which  is  favored  by  the 
customer  rather  than  to  stand  on  sound  engineering  prin- 
ciples and  to  recommend  equipment  operating  under  the 
best  economic  conditions. 

It  is  the  writer's  purpose  to  discuss  at  some  length 
all  of  the  factors  affecting  the  use  of  air  in  oil  burning 
under  the  above  classifications,  but  with  reference  to 
Class  A  equipment  it  should  be  understood  that  burn- 
ers operating  on  the  low  pressures  of  this  classification 
cannot  depend  on  the  air  to  atomize  the  oil,  but  must 
of  necessity  use  a  mechanical  system,  in  which  the  oil 
fuel  is  atomized  by  the  static  oil  pressure  forcing  the 
oil  fuel  through  very  small  orifices  in  the  form  of  a 
fine  spray  which  the  low  velocity  air  can  easily  pick  up. 

The  use  of  this  system  is  limited  to  oil  which  is  very 
fluid  and  very  clean ;  viscous  or  dirty  oils  will  cause  par- 
tial or  complete  cessation  of  operation  and  with  the 
necessity  for  the  conservation  of  the  petroleum  resources 
of   the  country   clearly   before   us,  it  is  an   unnecessary 
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waste  of  the  natural  lubricating  and  potential  chemical 
reserves  of  the  country  to  use  as  fuel  selected  distillates 
of  high  Baunie  gravity,  the  only  kind  which  can  be  used 
successfully  in  the  mechanical  system  as  applied  to  fur- 
nace practice.  As  a  matter  of  fact,  in  this  dav  and  age 
only  residue  and  hcav\  fuel  oils  should  be  considered 
as  fuels. 

A  few  manufacturers  still  olTer  "volume"  systems. 
The  more  progressive  propose  the  "positive"  system, 
while  quite  a  number  advocate  the  use  of  "high  pressure" 
systems,  while  plant  engineers  are  prone  to  sp.-rify  "100 
pound  air  is  available  and  will  be  used." 

Air  Velocity  at  Various  Pressures. 

A  study  of  the  dynamic  head  or  velocity  coming  from 
the  static  air  pressure  when  discharged  against  the 
atmosphere  (which  throughout  this  paper  is  assumed  to 
be  14.7  pounds  pressure  absolute  at  70  deg.  F.)  will 
show  that  at  one  inch  water  pressure  the  velocity  will 
be  70  feet  per  second,  at  one  pound  the  velocity  will 
be  352  feel  per  second,  and  at  four  pounds  over  700  feet 
per  second.  If  we  calculate  still  further  on  the  l-.asis  that 
four  times  the  pressure  will  double  the  velocity  we  will 
find  that  at  64  pounds  gauge  pressure  the  velocity  will 
be  approximately  2,800  feet  per  second.  Of  course,  at 
the  common  80  pounds  gauge  pressure  for  compressed 
air  delivery  the  velocity  will  naturally  be  still  higher. 

It  nuist  not  be  assumed  that  air  passes  into  the  burner 
setting  at  anything  like  the  velocities  that  are  a  function 
of  high  pressure  air.  Velocities  are  very  nuich  reduced 
by  permitting  the  air  to  expand  through  the  controlling 
valves  and  it  is  the  writer's  opinion,  based  on  observa- 
tion, that  combustion  can  never  be  sustained  when  air 
enters  the  burner  setting  in  excess  of  approximately  600 
feet  per  second,  which  is  the  equivalent  dynimic  head 
coming  from  ap]jroximately  ?i  pounds  gauge  static  pres- 
sure; in  ordinarv  combustion  practice,  velocities  must  be 
not  greater  than  100  feet  per  second  6  or  8  inches  ahead 
of  the  burner  nozzle  if  good  results  are  to  be  secured. 

It  will  be  shown  that  the  comparative  cost  of  com- 
pressing air  at  2  pounds,  which  produces  an  ideal  com- 
bustion condition,  is  somewhat  higher  than  the  cost  of 
compressing  air  initially  to  approximately  15  pounds 
gauge,  and  while  air  is  seldom  furnished  by  machines 
delivering  jt  at  an  initial  pressure  of  15  pounds,  the  use 
of  air  initially  compressed  to  15  pounds  offers  interesting 
cost    possibilities    under    certain    installation    conditions. 

Functions  of  Velocity. 

In  oil  burning  practice  air  velocity  has  two  general 
functions:  First,  to  atomize  or  shred  the  oil  fuel  into 
minute  globules,  thus  increasing  the  surface  exposed  to 
the  volatilizing  effect  of  the  air  stream  and  placing  the 
oil  in  a  gaseous  or  semi-gaseous  form  in  order  to  burn 
it  as  rapidly  as  possible ;  and,  second,  to  induce  the 
greatest  possible  amount  of  atmospheric  air  which  may 
be  secured  through  aspirator  action  in  the  throat  of  the 
setting  and  which  may  be  frequently  greatly  increased 
by  proper  setting  and  burner  design. 

Velocities  for  Atomizing. 

It  will  be  conceded  that  in  burning  oil  a  certain 
•Standard  practice  must  be  established,  based  on  good 
engineering  principles,  in  order  to  secure  the  most  satis- 
factory operation  and  this  is  especially  true  where  it  is 
desired  to  use  the  heavier  grades  of  oil. 

According  to  the  writer's  experience,  the  general 
statement  can  be  made  that  if  oil  reaches  the  burner 
tip  at  a  viscosity  of  not  more  than  300  seconds  on  the 


.Saybolt  viscosimetcr  satisfactory  atomizing  will  take 
place  if  the  air  cohunn  meets  the  oil  at  pressures  from 
12  ounces  to  15  pounds. 

.Saybolt  seconds  divided  by  30  will  give  the  ratio  i 
fuel  How  as  comjjared  to  water  and  therefore,  300  .Sa 
bolt  seconds  means  that  oil  may  be  used  that  is  10  fim 
as   viscous   as    water   under   e<iual    conditions    (temjiei 
tures  excepted)  ;  in  other  words,  a  volume  of  oil  tl 
requires   10  times  the  amount  of   time  required   for  .... 
equal  volume  of  water  in  the  apparatus  to  flow  through 
a    given    orifice    under    similar    conditions    will    have    a 
viscosity  10  times  that  of  water. 

Heating  the  oil  is  usual  practice  to  reduce  the  vis- 
cosity  of    fuels   that   at   ordinary    temperatures   are   too 
viscous  to  atomize  by  air  action.     With  all  conunerci; 
oils  offered  for  fuel  today  the  viscosity  of  300  .Saybo 
seconds  will  be  secured  at  temperatures  under  250  des 
F.,  and  this  seems  to  mark  the  maximum  working  lin 
its  of   oil   heating,  as  at   high   temperature  oils  may   • 
some  extent  decompose,  possibly  gasifying  to  some  d' 
gree  and  also  have  a  tendency  to  deposit  solid  carbo: 
therefore,  it  may  be  safely  said  that  300  seconds  Sa 
bolt   viscosity    is    the    ma.ximum    limit    allowable    in    ( .i 
burning.     Therefore,  in  designing  oil   burning  systems, 
the  air  .system  should  be  predicated  for  a  fuel  having  a 
fluidity  of  300  Saybolt  seconds. 

Velocity  Found  in  Combustion. 

On  this  subject  a  number  of  assumptions   nuist  be 
made.     Some  research  has  been  done,  notably  on  p   •• 
hydrogen,   to   determine   the    rate   of   flame   pmpagat 
and   with  air  at  atmospheric   temperature  and   const 
pressure  it  would  seem  that  the  speed  of  back   fire    ••> 
hydrogen    is   approximately    14    feet   per    second.      li;i> 
means  that  if   hydrogen  is  mixed  in  proportion   vvit^- 
column  of  air  having  a  velocity  in  excess  of  14  feet  per 
second  the  air  velocity  will  blow  the  point  of  combustion 
awav   from  the  point  of  mi.xing.  while   if  velocity  falls 
below   the  rate  of   14  feet  per  second  the  hydrogen  air 
mixture  will  burn  back  to  the  point  of  mixing. 

Little  work  has  been  done  or  at  least  published  ( 
the  subject  of  rate  of  combustion  of  the  hydrocarboi 
the  information   is  at   the  best   unreliable  and,   like  t.. 
tigures  for  hydrogen,  the  results  apply  merely  to  labor:, 
tory  praetice.     From  such  data  as  the  writer  has  be;., 
able  to  collect  and   from  observation  in  many  vears    -.: 
combustion  research  work  he  believes  that  the  speed  oi 
back  fire  in  Pittsburgh  natural  gas  is  about  8  feet  per 
second    with  air   in  proper   proportion   and   that   in   the 
case  of  fuel  oil  it  is  considerably  lower  and  probably  in 
the    neighborhood   of   5    feet   per   second,   these   results, 
of  course,  being  found  at  constant  pressure  and  atmos- 
pheric air  temperatures. 

As.siuning   the   writer's   figures   to    form   a   basis    f  .r 
consideration  of  the  cotubustion  of  commercial  fuels,  •: 
may,  therefore,  be  stated  that  an  air  oil  mixture  enter- 
ing a  cold  combustion  chamber  with  a  speed  in  excess  ^ 
5    feet   per   second    must   be   broken   down   to   apj)ro> 
mately  that  figure   fat  least)   before  combustion  will    ' 
sustained. 

A  sinqjle  phenomenon  which  will  illustrate  this  is 
very  frequently  observed  when  endeavoring  to  light  an 
air  oil  mixture  in  a  cold  furnace.  The  air  oil  mixture 
travels  into  the  furnace  perhaps  several  feet  before  com- 
bustion is  sustained  at  all,  then  often  very  poorly,  but 
as  the  combustion  chamber  heats  up,  radiant  heat  from 
the  setting  is  focused  on  the  entering  an  oil  column,  and 
as  the  mixture  preheats,  the  ])oint  of  combustion  works 
back  until  combustion  is  sustained  in  proximity  to  the 
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burner  tip.  As  a  further  example,  it  is  quite  often  ob- 
served that  in  order  to  sustain  combustion  at  all  in  a 
cold  furnace  a  baffle  brick  must  be  placed  a  foot  or  so 
ahead  of  the  burner  upon  which  the  air  oil  column  im- 
pinges, breaking  up  the  velocity  of  a  part  of  the  column 
at  least,  practically  to  zero.  When  starting  it  is  hard 
to  maintain  satisfactory  combustion,  but  as  the  baffle 
brick  heats  up,  the  heat  of  the  brick  supports  the  com- 
bustion of  the  air  oil  mixture.  A  baffle  brick  used  as 
described  is  an  indication  of  faulty  condition  in  the 
oil  burner  or  setting. 

It  must  not  be  assumed  that  it  will  be  desirable  to 
introduce  the  air  oil  mixture  at  a  velocity  as  low  as  the 
speed  of  back  fire.  Excessively  low  velocities  in  the 
mixture,  when  the  furnace  is  hot,  have  a  tendency  to 
make  the  resulting  combustion  altogether  too  "soft."  As 
a  matter  of  fact,  it  is  customary  to  introduce  the  mix- 
tures with  a  velocity  of  perhaps  00  to  SO  feet  per  sec- 
ond, which,  while  it  may  make  the  lighting  of  a  cold 
furnace  somewhat  troublesome,  will  permit  a  very  ex- 
cellent combustion  condition.  After  a  burner  setting  has 
become  sufficiently  heated  to  radiate  heat  to  the  air  oil 
column,  and  the  air  oil  column  is  heated  beyond  the 
ignition  point  of  the  mixture  (which  is  relatively  low 
and  probably  in  the  neighborhood  of  700  deg.  F. ),  com- 
bustion takes  place  and  is  sustained  readily  with  veloci- 
ties up  to  approximately  100  or  120  feet  per  second; 
these  are,  however,  unduly  high  and  usually  produce  the 
severe  "blow  piping"  action  which  causes  rapid  failure 
of  the  refractories  on  which  the  flame  may  impinge.  It 
is  only  by  preheating  the  air  oil  column  to  a  considerable 
degree  that  combustion  is  sustained  with  desirable  veloci- 
ties, which  from  the  writer's  observation  appear  to  be 
about  65  feet  per  second.  From  the  foregoing  it  will  be 
seen  that  energy  expended  in  compressing  air  to  a  point 
that  will  produce  velocities  much  above  1,000  feet  per 
second  is  a  considerable  waste  of  money. 

Reduction  of  Velocity. 

In  oil  burning  practice  the  velocity  of  the  entering 
air  must  be  broken  down  to  the  combustion  s[)eed  equi- 
librium as  quickly  as  possible,  and  at  a  predetermined 
distance  from  the  btirner  tip  in  order  to  secure  the  libera- 
tion of  the  heat  within  the  most  desirable  space. 

This  is  accomplished  in  several  ways,  singly  or  in 
combination  as  lollows  . 

The  expenditure  of  dynamic  energy  in  the  mechanical 
air  by  atomizing  or  shredding  the  fuel  is  one  means  of 
reducing  the  velocity.  The  expenditure  of  energy  in 
inducing  atmospheric  air  is  another.  Friction  in  the 
metal  burner  funnel  and  fire  brick  setting  has  a  material 
reducing  ertect,  as  does  the  expansion  of  air  in  the  burner 
setting  and  the  impingement  of  air  oil  mixture  on  the 
surface  of  the  brick  v^'ork.  A  sudden  change  of  direc- 
tion of  flow  has  a  great  reducing  effect,  btit  possibly 
the  expansion  of  the  air  oil  column  within  the  setting 
and  the  combustion  chamber  is  the  greatest  single  fac- 
tor tending  to  reduce  velocities,  it  being  assumed  that 
furnace  pressures  are  Init  slightly  above  the  atmosphere. 

Quantities  of  Air  Required  for  Burning  Fuel  Oil. 

The  amount  of  air  required  for  combustion  of  fuel 
oil  varies  from  1,250  cu.  ft.  per  gallon  in  the  case  of  a 
light  oil  approaching  kerosene,  to  1.700  cu.  ft.  per  gal- 
lon with  heavy  oil  approaching  10  deg.  Baume,  or  from 
192  to  220  cu.  ft.  per  pound.  Usually  air  in  excess  of 
that  required  for  perfect  combustion  is  present  in  the 
combustive  reaction  and  e.xcess  air  in  itself  is  the  source 
of  one  of  the  greatest  fuel  wastes.  To  a  marked  degree 
the  use  of  excess  air  may  be  eliminated  by  proper  engi- 


neering, the  selection  of  the  air  mover  and  the  design 
of  the  air  distributing  system,  the  burners  and  the 
setting. 

In  nearly  every  case,  excepting  only  a  few  special 
heating  operations,  it  may  be  taken  that  perfect  com- 
bustion produces  the  most  desirable  furnace  atmosphere 
and  anything  that  will  assist  in  securing  approximately 
perfect  combustion  will  produce  a  saving  of  considerable 
magnitude. 

It  should  be  understood  that  perfect  combustion  is 
never  accomplished  commercially  except  instantaneously, 
as  there  are  many  variables  afl'ecting  the  reaction  which 
are  continually  acting  to  change  the  proportions  of  air 
and  fuel,  but  excess  air  to  the  extent  of  5  or  10  per  cent 
should  mark  a  maximum  in  liquid  fuel  practice,  and 
this  may  easily  be  accomplished  with  a  properly  in- 
stalled system. 

Oil  Burning  Practice. 

If  the  opening  through  the  furnace  wall  through 
which  the  combustive  mixture  of  oil  and  air  passes  is 
correctly  designed  and  if  the  flues  and  other  passages 
within  the  furnace  are  so  proportioned  that  no  undue 
pressure  is  set  up  within  the  furnace  a  considerable 
amount  of  atmospheric  air  may  be  induced  by  tiie  action 
of  the  air  from  the  mechanical  compressor  and  thus  the 
size  of  the  blowing  apparatus  may  be  held  relatively 
small. 

In  the  case  of  "volume"  air  as  defined  in  the  "A" 
classification,  the  best  conditions  that  may  he  secured 
average  about  two  parts  blower  air  to  one  part  atmos- 
pheric air  induced;  or,  in  other  words,  for  every  1,000 
cu.  ft.  of  air  required  for  combustion  650  ft.  must  be 
supplied  by  the  blowers. 

In  the  case  of  "B"  classification  or  "positive"  air, 
from  45  to  70  per  cent  of  all  air  required  for  combustion 
may  be  induced,  or  for  every  1,000  cu.  ft.  required  only 
300  to  550  ft.  need  be  supplied  by  the  compressor. 

The  cost  of  air  per  gallon  with  a  compressor  at  15 
pounds  is  the  lowest  consistent  with  good  atomizmg  and 
combustion  conditions  and  it  is  shown  that  the  cost  of 
power  for  compressing  is  80  pounds  is  over  four  times 
as  great.  The  cost  per  gallon  with  one  and  two  pound 
turbine  type  machine  will  likely  be  found  the  most  eco- 
nomical in  practice  in  the  great  majority  of  cases. 

As  has  been  previously  stated,  air  supplied  by  the 
machines  under  the  "B"  and  "C"  classification  will  atom- 
ize heavy  oil  where  those  in  the  "A"  classification  will 
not.  The  cost  of  compressing  at  .0012  cents  per  gallon 
for  8-ounce  air  would  make  a  most  excellent  argument  in 
favor  of  the  mechanical  system  were  it  not  for  the  fact 
that  the  selected  oil  required  for  good  operation  with 
this  system  would  put  a  premium  of  at  least  25  per  cent 
on  the  oil  cost  in  a  normal  fuel  market,  making  the  cost 
of  the  selected  oil  .05  cents  per  gallon  when  the  heavy  oils 
are  available  at  .04  cents. 

Operation  of  one  and  two  pound  turbine  machines 
places  a  cost  of  .002  and  .0025  cents  respectively  per 
gallon  on  the  oil  fuel,  while  the  operation  of  15  pound 
piston  machine  adds  a  cost  of  .0015  cents  per  gallon  and 
the  80  pound  piston  machine  .006  cents  per  gallon. 

Conclusion. 

Consideration  of  the  subject  matter  and  figures  of 
this  paper  should  clearly  show  that  the  proper  method 
of  burning  oil  is  with  air  pressure  under  the  "P."  classi- 
fication or  under  some  conditions  with  15  pound  air  under 
the  "C"  classification. 
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Steam  Turbines  and  Electrical  Drives  for 

Vital  Auxiliaries 

Coordinate  Use  of  Steam  and  Electrical  Units  Assures  Continuity 
of  Operation   and   Economical   Heat   Balances. 

By  LINN  HELANDER* 


CONTINUITY  of  service,  such  as  is  demanded  of 
the  vital  auxiliaries  in  steel  plants,  can  only  be 
assured  by  the  co-ordinate  use  of  steam  and  elec- 
trical units.  In  view  of  the  growing  concentration  of 
steel-mill  electrical  power-generating  apparatus,  com- 
plete disruption  of  electrical  service  must  be  considered 
an  increasing  likelihood.  Where  but  a  single  source  of 
power  is  available,  therefore,  simple  electrification  of 
such  auxiliaries  as  those  in  the  water-pumping  plant 
and  the  power  plant  is  a  hazard  which  is  not  war- 
ranted by  the  consequent  savings  either  in  invest- 
ment charges  or  operating  charges.  These  charges 
are  negligible  with  respect  to  the  value  of  the  service 
that  the  auxiliaries  provide  and  they  should  not,  there- 
fore, be  a  determining  consideration  except  as  a  basis 
for  making  a  choice  between  equally  reliable  layouts. 
Neither  should  the  effectiveness  of  the  heat  balance 
be  permitted  to  lessen  the  reliability  of  these  auxiliaries, 
though  careful  consideration  will  usually  reveal  an  ar- 
rangement which  assures  continuity  of  operation  and 
good  economies  without  excessive  investment  charges. 
Probably  the  most  important  part  of  a  steel  plant, 
judged  from  the  necessity  for  continuous  operation,  is 


Fig.  1 — Geared  turbine  unit  driving  induced  fan.  The  gear, 
it  will  be  noticed,  is  entirely  enclosed  so  that  dust,  usually 
found  in  a  boiler  room,  will  not  effect  its  operation. 

the  main  pumping  station.  Upon  this  station  depends 
the  continuous  operation  of  all  mills  and  furnaces,  so 
that  even  a  short  interruption  in  its  service  will  re- 
sult in  serious  loss  of  production  and  very  likely  in 
disastrous  accidents  at  the  blast  furnace.  The  value 
of  the  service  of  the  main  pumping  station  is,  there- 


fore, equal  to  that  of  the  entire  steel  plant,  and  the 
value  of  its  continuous  service  exceeds  the  value  of  the 
continuous  service  of  the  rest  of  the  plant  by  the  ex- 
tent of  damage  likely  to  result  from  a  sudden  shutdown. 
Reliability  in  this  case  must  be  complete.  The  problem 
is  not  how  much  should  be  spent,  but  what  is  the  best 
expenditure. 

When  steam  is  the  onl}-  primary  source  of  power  in 
a  steel  plant  generating  its  own  power,  reliability  of 
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Fig.  2 — Dual  driven  exciter — observe  that  the  turbine  is  sup- 
ported by  pedestals  at  its  center  line.  The  simplicity  of  tha 
arrangement,  together  with  the  availability  of  both  steam 
and  electric  power,  makes  this  »init  essentially  reliable. 

service  requires  steam-driven  apparatus,  with  or 
without  the  coincident  use  of  electrically-driven  appa- 
ratus. W'ith  this  in  mind,  the  main  pumping  station 
and  the  auxiliary  pumps  supplying  the  blast  furnaces 
with  water  should  be  placed  as  closely  as  possible  to 
the  main  boiler  room.  This  probably  will  offer  no 
considerable  difficulty  with  regard  to  the  auxiliary 
pumps.  For  the  main  pumping  plant,  however,  it 
may  require,  if  the  ground  be  sufficiently  level  to 
warrant  the  expenditure,  rather  extensive  tunneling. 
It  is  then  the  problem  of  the  designing  engineer  to 
balance  the  fixed  charges  on  the  cost  of  tunneling 
against  the  fixed  charges  and  operating  costs  of  the 
steam  piping  and  the  electrical  transmission  lines. 
When  a  sufficient  difference  in  level  exists  between  the 
river  and  the  boiler  room,  tunneling  probably  will  be 
I)rofitable  only  up  to  the  point  at  which  an  abrupt 
rise  occurs.  Also,  in  this  case  it  is  likely  that  two 
pumping  stations  will  be  required  ;  one  at  the  river  to 
pump  the  water  to  a  sump  at  the  level  of  the  power 
plant,  and  another  to  take  the  water  froni  this  sump 
and  pump  it  to  the  head  tank  and  to  the  various  parts 
of  the  mill.  Reliability  of  service  requires  steam  equip- 
ment in  each  of  these  pumping  stations.  The  auxiliary 
pumps,  however,  may  be  located  close  to  the  boiler 
room,  while  the  main  pumping  station  will  no  doubt 
require  rather  extensive  steam  piping. 

Though  steam-driven  pumps  are  a  prerequisite  to 
reliability,  increased  reliability,  sufficient  to  warrant 
the  necessary  investment,  is  obtained  by  using,  in  ad- 
dition, electrical  power.     The  use  of  both  steam  and 
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electricity  not  only  provides  two  means  for  the  trans- 
mission of  power  to  the  pumping  station,  but  also 
makes  for  flexibility  in  the  layout  of  the  pumping  ap- 
paratus and  permits  distributing  the  service  between 
electrically-driven  and  steam-driven  units  so  that  ad- 
vantage may  be  taken  of  the  economies  that  such  dis- 
tribution may  eii'ect.  What  the  layout  and  distribu- 
tion of  loadings  between  steam  and  electrical  apparatus 
should  be  depends  upon  the  size  of  the  pumping  sta- 
tion, the  heat  balance  and  other  conditions  inherent 
to  the  particular  plant  under  consideration.  Consider- 
ations of  various  arrangements,  however,  will  illustrate 
the  possible  advantage  of  combined  electrical  and 
steam-driven  pumps  and  the  problems  that  the  design- 
ing engineers  must  solve. 

The  heat  balance  for  a  steel  plant  can  no  doubt  be 
worked  out  by  making  use  of  the  auxiliary  pumping 
station,  the  boiler-room  auxiliaries,  and  the  power- 
plant  auxiliaries.  The  main  pumping  station  also 
should  be  considered  in  this  connection  if  it  is  not  ex- 
ceedingh'  remote  from  the  boiler  room.  It  is  likely, 
however,  since  there  is  a  practical  limit  to  the  distance 
low  pressure  steam  can  be  carried  profitably  for  heat- 
ing purposes,  that  this  plant  should,  preferably,  be 
kept  independent  of  the  heat-balance  layout.  If  this 
is  done  the  problems  in  connection  with  it  are  prin- 
cipally the  determination  of  the  number  of  pumping 
units  to  be  installed  and  the  kind  of  drives  to  be  used. 

The  minimum  number  of  pumps  for  reliable  service 
is  three :  Preferably  four  or  more,  depending  on  the 
size  of  the  plant,  may  be  installed.  If  three  pumps 
are  installed,  two  of  these  may  be  motor  driven  and 
one  steam  driven,  or  two  may  be  steam  driven  and  one 
motor  driven,  or  dual  drives  may  be  used.  When  either 
three  or  four  pumps  are  installed,  two  of  these  should 
be  sufficient  under  the  most  severe  conditions  to  take 
care  of  the  demands  on  the  station.  If  analysis  indi- 
cates that  motor-driven  units  for  usual  service  give 
better  economies  than  those  obtainable  with  steani- 
driven  units,  the  problem  remains  as  to  whether  the 
spare  steam  unit,  or  units,  should  be  dual  driven  or 
straight  steam  driven,  and  whether  they  should  be 
provided  with  condensers  or  should  exhaust  to  the  at- 
mosphere. 

When  three  units  are  installed,  the  spare  unit  w''l 
be  called  upon  not  only  when  the  source  of  power  fi.r 
the  normally  operating  units  is  disrupted,  but  when, 
due  to  breakdown  or  other  necessary  outages,  one  of 
these  units  is  out  of  service.  Upon  the  frequency 
of  the  outage  will  depend  largely  the  economies  desired 
of  the  spare  unit.  If  this  spare  unit  is  arranged  so  that 
it  may  be  driven  by  either  a  turbine  or  a  motor,  that 
is,  if  it  has  a  dual  drive,  outage  of  a  normally  operating 
unit  will  not  involve  a  change  in  the  source  of  power. 
The  economy  of  the  drive  operating  on  steam  in  this 
case  would  not  necessarily  be  a  consideration.  The 
unit  rarely  would  be  called  upon  for  service  and  the 
prime  consideration  would  be  rugged  and  simple  con- 
struction to  provide  the  maximum  assurance  of  re- 
sponse to  sudden  demands  for  its  service.  It  should 
not,  therefore,  be  encumbered  with  condensers.  The 
dual  drive  has  the  additional  advantage  of  providing  a 
double  assurance  that  the  driving  end  of  a  spare  unit 
will  not  be  out  of  service.  Its  construction  is  simple 
and  its  immediate  response  to  changes  in  the  source 
of  power  makes  it  a  highly  desirable  unit  for  this  serv- 
ice. 

When  the  spare  unit  is  driven  only  by  a  steam  tur- 
bine the  choice  between  condensing  operation  and  non- 


condensing  operation  rests  upon  the  cost  of  steam, 
and  upon  the  frequency  with  which  the  unit  will  be 
called  upon  for  its  service.  If  condensers  are  provided, 
a  small,  but  nevertheless,  additional  hazard  is  put  upon 
the  spare  unit,  so  that  a  desirable  arrangement  'n  this 
case  would  be  two  motor-driven  units  and  two  steam- 
driven  condensing  units.  This  would  seem  a  desirable 
arrangement  for  a  large  plant,  though  for  a  small  plant 
it  is  likely  that  a  straight  non-condensing  unit  would 
be  preferable.  It  should  be  kept  fully  in  mind  that 
when  three  units  are  installed  and  one  is  a  spare,  the 
capacity  of  any  one  unit  must  be  amply  sufficient  to 
provide  for  all  the  vital  needs  of  the  steel  plant. 

As  regards  the  auxiliary  pumps,  the  boiler-room 
auxiliaries  and  the  power-plant  auxiliaries,  these  are 
so  closeh-  related  to  the  heat-balance  that  they  cannot 


Fig.  3 — The  compact  simplicity  of  a  turbine-driven  boiler  feed 
pump,  as  compared  with  a  reciprocating  pump,  is  evident. 
Reliability  of  operation  is  further  assured  by  supporting 
the  turbine  on  pedestals  at  the  center  line.  This  permits 
free  expansion  of  the  casing  without  strain  due  to  mis- 
aHgnment. 

be  properly  selected  without  previous  knowledge  of 
the  amount  of  low-pressure  heating  steam  required. 
This  heating  steam  should  be  sufficient  not  only  to 
provide  for  heating  the  feed  water,  but  also  for  heat- 
ing the  buildings  during  the  winter  months. 

If  a  closed  feed-water  heater  is  used  so  that  the 
pressure  oh  the  exhaust  steam  line  may  be  maintained 
at  3  to  .S  lbs.,  the  building  heating  system  profitably 
may  be  tied-in  with  the  feed-water  heating  system. 
In  this  case,  when  all  the  auxiliaries  are  steam  driven, 
waste  exhaust  steam  should  be  avoided  by  returning 
any  excess  to  the  low-pressure  blading  of  the  mam 
generating  unit.  A  more  satisfactory  layout  from  the 
viewpoint  of  reliability,  and  one  which  has  measur- 
able advantages  respecting  heat  balances,  provides 
duplicate  motor  driven  and  steam  units.  This  permits 
distributing  the  load  between  the  steam  and  electrical 
drives  so  as  to  maintain  at  all  times  a  desirable  heat 
balance.  Dual  drives  could  profitably  be  used  for  this 
purpose  as  they  provide  a  ready  means  for  distributing 
the  load  between  the  steam  and  electrical  drives  with 
assured  reliability. 

\\'hen  an  open  type  of  feed-water  heater  is  used, 
the  steam  required  for  heating  buildings  should  be 
obtained  from  a  source  independent  of  that  supplying 
the  feed-water  heater.  A  convenient  arrangement 
would  be  to  provide  the  auxiliary  pumping  station  with 
duplicate  steam  and  electrically-driven  apparatus.  The 
steam-driven  apparatus  should  be  designed  to  operate 
against  a  back  pressure  of  approximately  5  lbs.  gauge 
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and  to  deliver  sufficient  exhaust  steam  to  supply  the 
needs  of  the  winter  heating  load.  During  summer 
months  the  motor  drives  should  he  operated.  Dual 
drives  also  would  have  advantages  in  this  connection. 

As  already  intimated,  the  exciters,  boiler  feed 
pumps,  and  the  units  in  the  auxiliary  pumping  station 
.''hould  have  both  steam  and  electrical  drives  to  assure 
against  disruption  of  service.  Forced-draft  fans,  in- 
duced-draft fans  and  condenser-circulating  water 
pumps  may  be  either  steam  or  electrically  driven.  The 
choice  will  be  based  on  the  heat  balance  requirements 
and  the  economies  obtainable  by  motorizing,  taking 
into  account  probable  losses  due  to  disruption  of  the 
electrical  source  of  power.  Preference,  however, 
should  be  given  to  an  arrangement  which  provides  both 
steam  and  electrical  drives  and.  ])articularly  in  the 
boiler  room,  the  straight  steam  drive  should  be  looked 
upon  as  preferable  to  the  straight  electrical  drive. 

When  waste-heat  boilers  are  used  on  the  open- 
hearth  furnaces,  the  steam  supplied  by  them  probably 
will  be  sufficient  to  furnish  the  full  needs  of  the  gas 
producer  and  also  leave  additional  steam  for  other 
uses.  This  steam  should  be  used  for  developing  power. 
To  this  end  auxiliaries  in  the  neighborhood  of  the 
waste-heat  boiler  should  be  provided  with  turbine 
drives.  These  preferably  should  have  dual  drives,  and 
should  be  arranged  so  that  during  winter  months  the 
exhaust  steam  may  be  fed  into  the  building  heating 
system  at  the  same  time  allowing  for  condensing  opera- 
tion during  the  summer  months.  The  reduced  load 
carried  by  the  turbines  during  their  winter-condensing 
operation  would  then  he  taken  by  the  motors. 


Parallel  operation  of  steam-driven  auxiliaries  and 
motor-driven  auxiliaries,  together  with  the  use  of  ex- 
haust steam  for  feed-water  heating,  makes  the  use  of 
centrifugal  apparatus  highly  desirable.  Centrifugal 
turbine-driven  pumps  provide  a  continuous  non-pul- 
sating flow  of  water  which  imposes  no  unusual  condi- 
tions on  the  motor-driven  pumps.  Reciprocating  steam- 
driven  pumps,  on  the  other  hand,  provide  a  pulsating 
flow  of  water.  At  each  piston  stroke  the  pressure 
in  the  discharge  piping  moves  to  a  high  and  a  low 
value.  This  variable  head  is  carried  to  the  motor- 
driven  centrifugal  pump  and,  inasmuch  as  centrifugal 
pumps  are  quite  sensitive  to  changes  in  pressure, 
causes  the -flow  from  these  to  pulsate  in  unison  with  the 
reciprocating  apparatus.  This  not  only  is  undesirable 
from  the  viewpoint  of  maintenance  but  it  also  tends 
to  lower  the  efficiency  at  which  the  system  operates. 
Reciprocating  pumps  also  discharge  oil  from  the  steam 
cylinders  along  with  the  exhaust  steam  and  this  oil. 
when  carried  to  the  boilers  through  the  feed-water 
heating  system,  causes  operating  difficulties  in  con- 
nection with  the  generation  of  steam.  Other  advan- 
tages credited  to  the  centrifugal  pump  as  against  the 
reciprocating  pump,  such  as  less  floor  space,  smaller 
maintenance  charges,  flexibility,  ease  of  regulation  and 
greater  efficiency,  have  been  so  largely  demonstrated 
in  practice,  that  modern  feed-water  pumping  installa- 
tions are  practically  invariably  centrifugal  pumps.  A 
300  g.p.m.  reciprocating  boiler-feed  pump  would  re- 
quire, for  example,  65%  more  steam  for  the  same  serv- 
ice and  230%  more  floor  space  than  a  centrifugal  pump. 


Association  of  Iron  and  Steel  Electrical 
Engineers  Convention  in   Cleveland 


The  sixteenth  annual  convention  of  the  .Association 
of  Iron  and  Steel  Electrical  Engineers  will  be  held  Sep- 
tember 11  to  15  at  Cleveland  Public  Hall,  Cleveland, 
Ohio,  at  which  there  will  be  presented  and  discussed  .sub- 
jects dealing  particularly  with  steel  mill  problems. 

In  addition  to  the  meeting,  an  exhibition  of  electrical 
e(|uipment  will  be  shown  in  the  Exhibition  Hall.  Here 
65,000  sq.  ft.  of  floor  area  will  be  used  to  exhibit  the 
equipment  of  the  various  electrical  companies. 

The  following  program,  which  has  been  arranged  hv 
Mr.  J.  H.  Kelly,  .Secretary  of  the  Association,  includes 
some  particularly  interesting  papers,  among  which  are 
the  following : 

"Improvement  in  Efficiency  of  Electric  Power  Supply."  Dr. 
Charles  P.  Steinmctz,  Chief  Consulting  Engineer.  General  Elec- 
tric Comiianv.  Schenectady,  N.  Y. 

".■\  Review  of  Steel  Mill  Electrification,"  B.  G.  La^nme,  Chief 
Cnnsultini;  I-jiijineer.  Westingfhouse  Electric  &  Mfg.  Company, 
East  Pittshurgh.  Pa.,  and  Wilfred  Sykes.  Assistant  to  Operat- 
ing \'ice  President.  Steel  &  Tube  Company  of  .America.  Chi- 
cago. 111. 

"Judging  Combustion  from  Gas  Analysis,"  A.  G.  Witting,  .A.s- 
>istant   Chief   Engineer.  Illinois   Steel   Company.  Gary,   Ind. 

"Electrification  of  the  International  Nickel  Company's  Works 
for  Monel  Metal."  F.  C.  Watson,  Electric  Superintendent,  Inter- 
national Nickel  Company,  Huntington,  W.  Va. 

"The  Gas  Engine  as  a  Prime  Mover  for  Power  Generation," 
O.  M.  Petty.  Electrical  Superintendent.  Lehigh  Plant.  Bethlehem 
Steel  Company.   South  Bethlehem,  Pa. 


"Steam  Turbines,"  1,.  W.  Heller.  General  Superintendent 
Power  Stations.   Duquesne  Light  Company,  Pittsburgh.  Pa. 

"Some  Considerations  in  the  Electrification  of  the  Steel  Plant 
Railroad  Yard,"  R.  B.  Gcrhardt.  Electrical  Superintendent,  Beth- 
lehem Steel  Company,   Sparrows  Point.  Md. 

"Power  in  the  Iron  and  Steel  Industry,"  D.  B.  Rushmore, 
Consulting  Engineer,  General  Electric  Co.,  Schenectady,  N.  Y. 

"Boiler  Practices  of  1922" — Topical  Discussion,  J.  E.  Crane, 
Combustion  Engineer,  George  T.  Ladd  Company ;  E.  R.  Fish. 
Vice  President,  Heine  Boiler  Company ;  R.  M.  Rush.  Spring- 
field Boiler  Company ;  R.  E.  Butler,  Babcock  &  Wilcox  Com- 
pany;  F.  Hodson,  Electric  Furnace  Construction  Company;  Prof. 
Edgar  Kidwell,  Gen.  Mgr.,  Kidwell  Boiler  &  Engineering  Co. 

"Control  Standardization,"  F.  W.  Cramer.  Engineer  of 
Tests.   Cambria   Steel    Company.   Johnstown,    Pa. 

"Motor  Standardization."  D.  M.  Petty,  Electrical  Superin- 
tendent, Lehigh  Plant,  Bethlehem  Steel  Company,  South  Bethle- 
hem, Pa. 

"Investigation  of  Insulators  for  Steel  Mill  Service."  A.  R. 
Leavitt.  Engineer  of  Tests,  Carnegie  Steel  Co.,  Duquesne,   Pa. 

"Electric  Furnaces,"  E.  T.  Moore,  Electrical  Engineer,  Hal- 
comb  Steel  Company.  Syracuse.  N.  Y. 

"Lighting  in  Steel  Plants."  R,  H.  Bauer,  Electrical  Engineer, 
Carne.gie   Steel   Co..   Clairton.   Pa. 

"The  Question  of  Safety  in  Steel  Mills,"  F.  A.  Wilev,  Elec- 
trical  Superintendent.  Wisconsin   Steel   Company.  Chic.igo,   111. 

"Education."  L.  F.  Galbraith.  Electrical  Superintendent,  West 
Penn  Steel  Company.  Brackenridge.   Pa. 

"Electrical  Developments  in  1922,"  R.  B.  Gerhardt.  Electrical 
Superintendent,  Bethlehem  Steel  Co..   Sparrows  Point.  Md. 

"Crane  Standardization."  R.  S.  Shoemaker,  Superintendent  of 
Maintenance,  American  Rolling  Mills,  Middletown,  Ohio. 
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The  Decomposition  of  Martensite  into 
Troostite  in  Alloy  Steels' 


By  HOWARD  SCOTTt 


THE  significance  of  the  critical  point  A,  in  steel 
and  its  relation  to  heat  treatment  is  now  fairly 
generally  understood.  There  is,  however,  a  trans- 
formation of  nearly  equal  importance  which  occurs  at 
lower  temperatures  on  heating  hardened  steels  and 
which  is  not  widely  recognized.  It  is  intimately  con- 
nected with  the  phenomenon  of  tempering,  but  has 
escaped  the  critical  attention  it  deserves  because  the 
more  common  physical  tests  do  not  reveal  it  plainly. 
However,  the  development  of  thermal  analysis  appa- 
ratus which  operates  effectively  in  the  low  temperature 
range  involved  has  made  possible  the  convenient  and 
accurate  detection  of  the  small  heat  effects  associated 
with  the  transformation.' 
By  means  of  this  tool  the 
essential  characteristics  of 
the  phenomenon  under  dis- 
cussion have  been  studied 
and  their  relation  to  the 
changes  in  certain  physical 
properties  of  plain  carbon 
steel  on  tempering  pointed 
out.* 

The  evidence  presented 
and  reviewed  in  the  above 
reference  indicates  that  the 
transformation  designated 
as  Ac,,  which  manifests  it- 
self as  a  heat  evolution, 
marks  the  decomposition  of 
martensite  into  troostite,  a 
change  of  obvious  impor- 
tance in  steel  treating. 
This  change  which  begins 
at  about  170  deg.  C,  after 
slowly  increasing  in  in- 
tensity reaches  a  maximum  at  270  deg.  C.  and  ends  at 
290  deg.  C.  for  a  normal  rate  of  heating.  However,  on 
slower  heating  it  occurs  at  lower  temperatures  conse- 
quently at  a  given  temperature  on  the  normal  heating 
curve  it  has  not  progressed  so  far  as  if  it  were  tem- 
pered a  long  time  at  that  temperature,  that  is,  as  if 
heated  at  the  hypothetical  zero  rate.  For  that  con- 
dition the  maximum  is  at  250  deg.  C.  and  the  end  at 
260  deg.  C,  which  values  are  independent  of  the  car- 
bon content  or  quenching  temperature. 

It  might  be  expected  that  alloying  elements  in  steel 
will    change    the    position   of   this    transition   and   that 

♦Published  by  permission  of  the  Director  of  the  Bureau 
of  Standards  of  the  U.  S.  Department  of  Commerce. 

t.\ssociate  Physicist,  Bureau  of  Standards  of  the  U.  S. 
.Department  of  Commerce. 

1  Scott  &  Freeman,  B.  S.  Sci.  Paper  348,  A.  I.  M.  E.  Pyro- 
nietry  Volume,  p.  214.  1920. 

2  Scott  &  Movius,  B.  S.  Sci.  Paper  396,  A.  S.  S.  T.,  1:  758 
(1921). 


some  of  the  new  properties  conferred  by  the  alloy  may 
be  due  to  that  effect  alone.  Also  there  is  the  possi- 
bility that  a  knowledge  of  the  characteristics  of  the 
change  might  aid  in  the  interpretation  of  anomalies 
met  with  in  the  treatment  of  alloy  steels.  In  recogni- 
tion of  these  possibilities  thermal  curves  were  taken 
on  the  alloy  steels  available  which  represented  eight 
of  the  principal  alloying  elements.  The  effect  of  rate 
of  heating  was  not  determined,  but  it  is  quite  probable 
that  it  is  very  much  the  same  as  in  carbon  steels  when 
the  alloy  does  not  change  the  transformation  character- 
istics markedly. 


ABSTRACT 

The  effect  of  the  alloying  elements,  man- 
ganese, silicon,  nickel,  cobalt,  tungsten,  chro- 
mium, vanadium  and  molybdenum,  on  the  de- 
composition of  martensite  to  troostite  ivas  deter- 
mined by  means  of  heating  curves.  Only  three 
of  these  elements  showed  a  marked  effect, 
namely,  manganese,  silicon  and  chromium.  The 
first  named  increased  the  intensity  of  the  trans- 
formation, 7vhile  the  la.'tt  tzvo  raised  its  tempera- 
ture when  present  in  certain  percentages.  None 
of  the  alloying  elements  lozvered  the  transforma- 
tion and  no  general  relation  zvas  found  to  exist 
between  it  and  the  higher  critical  point  Ac^.  The 
significance  of  these  data  in  regard  to  the  heat 
treatment  and  properties  of  alloy  steels  is 
discussed. 


Experimental  Data. 

The  details  of  the  ex- 
perimental method  used 
have  already  been  noted  in 
the  papers  mentioned  so 
the  tabulated  data  only  are 
given  here  with  a  few  rep- 
resentative curves,  Fig.  1. 
In  Table  1  are  given  the 
percentages  of  appreciably 
variable  elements  with  the 
quenching  temperature  and 
medium  used.  The  small 
size  specimen  used,  about  2 
grams  in  weight,  prohibited 
the  formation  of  troostite 
on  quenching  in  oil  as  well 
as  in  water.  The  rate  of 
heating  is  that  just  before 
the  start  of  the  transforma- 
tion. The  temperature  of 
the  three  principal  inflec- 
tions in  the  curves  are  recorded  under  beginning, 
maximum  and  end  when  definitely  discernible.  The 
maximum  is  of  course  the  most  readily  observed  and 
important  feature  of  the  heat  evolution.  The  intensity 
of  the  transformation  has  been  indicated  in  the  table 
by  arbitrary  values  which  are  relative  only.  The  last 
column  gives  the  temperature  of  the  maximum  of  Acj. 
In  order  to  compare  the  data  for  the  alloy  steels 
with  those  for  carbon  steels,  the  results  from  two 
carbon  steels  of  0.44  and  0.73  per  cent  C.  content  are 
given  as  these  represent  closely  the  carbon  contents 
of  most  of  the  alloy  steels  used.  From  another  view- 
point they  represent  also  the  class  of  structural  steels 
and  of  tool  steels  respectively.  Since  all  the  com- 
mercial steels  investigated  contained  both  manganese 
and  silicon,  the  effect  of  these  two  elements  may  prop- 
erly be  considered  first.  These  elements  have  a  de- 
cided though  quite  different  effect  on  Acf.  Manganese 
in  the  percentages  employed  increases  the  intensity  of 
the  heat  evolution,  but  not  the  temperature  appreci- 
ably.   In  fact  the  increased  heat  effect  accounts  for  the 
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COBALT  STEELS 
0.62  0.34  0.43  Co    4.96  900         oil         0.15 
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slightly  raised  maximum  and  end.  Silicon,  on  the 
other  hand,  reduces  the  intensity,  but  raises  the  maxi- 
mum about  200  deg.  C.  for  a  silicon  content  of  2  or 
3  per  cent.  Ac,,  however,  is  lowered  by  manganese 
and  raised  by  silicon.  Evidently  it  is  essential  that 
these  elements  be  kept  fairly  constant  in  determining 
the  influence  of  other  alloy  constituents. 

Two  per  cent  nickel  and  five  per  cent  cobalt  do  not 


affect  the  maximum  of  Ac,  in  a  marked  way.  It  is 
raised  5  to  10  deg.  C.  and  the  intensity  is  perhaps 
slightly  reduced  although  Ac,  is  strongly  lowered  by 
nickel  and  raised  by  cobalt.  Tungsten  acts  in  the  same 
manner  on  Ac,  and  there  is  little  difference  between 
the  result  for  1  per  cent  or  5  per  cent.  .Ac,  is  only 
slightly  changed. 

Chromium  steels  were  studied  in  a  little  more  detail 
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than  the  others,  seven  compositions  being  run.  These 
show  a  very  significant  phenomenon  best  brought  out 
by  plotting  the  data  as  in  Fig.  2.  With  increasing 
chromium  content  (up  to  at  least  2.2  per  cent),  Act 
rises  slowly.  In  the  gap  between  2.2  and  4.9  per  cent 
chromium  it  rises  abruptly,  about  360  deg.  C.,  after 
which  it  falls  slightly  with  further  increase  in  chrom- 
ium content.    The  exact  limits  of  composition  between 
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Fig.  1 — Heating  curves  of  some  hardened  alloy  steels. 

which  it  changes  from  the  low  to  the  high  tempera- 
ture range  can  not  be  settled  because  of  the  limitations 
in  compositions  available.  It  is,  however,  evident  from 
similar  data  furnished  by  Edwards  &  Norbury  '  that 
the  upper  limit  is  below  3.9  per  cent  chromium.  This 
result  is  particularly  surprising  since  there  is  no  corre- 
sponding break  in  the  curve  for  Ac^.  It  is  quite  pos- 
sible that  silicon  shows  a  similar  phenomenon,  but  a 
sufficient  variety  of  silicon  steels  was  not  at  hand  to 
test  this  point. 

The  vanadium  steel  and  the  molybdenum  steel 
showed  no  markedly  different  characteristics  from 
plain  carbon  steels  except  that  both  Act  and  Acj  were 
raised  somewhat.  Combinations  of  two  alloying  ele- 
ments in  the  three  quaternary  steels  investigated 
chrome-nickel,  chrome-tungsten  and  manganese-vana- 
dium, acted  as  would  be  anticipated  from  the  behavior 
of  the  individual  elements. 

Discussion  of  the  Results. 

There  are  a  few  general  statements  which  might 
be  made  regarding  the  effect  of  the  eight  alloying  ele- 
ments considered.  First,  Act  substantially  also  raised 
Ac,,  but  the  converse  is  not  true.    The  lack  of  a  more 


general  relationship  is  striking  and  evidence  that  an 
entirely  different  factor  controls  the  precipitation  of 
carbide  at  Act  from  that  at  Arj. 

Of  the  eight  important  alloying  elements  only  three 
have  a  drastic  effect  on  the  heat  evolution  such  as 
would  be  expected  to  be  reflected  in  the  technique  of 
tempering.  These  are  manganese,  which  increases  the 
intensity,  and  silicon  and  chromium,  which  in  certain 
percentages  raise  decidedly  the  temperature  of  Act. 
It  is  therefore  evident  that  the  special  properties  con- 
ferred by  the  other  elements  are  not  due  to  variations 
in  this  transformation. 

These  facts  suggest  several  observations  regard- 
ing the  tempering  of  alloy  steels.  If  both  manganese 
and  carbon  are  high,  as  in  some  tool  steels,  and  it  is  de- 
sired to  temper  well  up  in  the  Act  range,  the  steel 
should  be  heated  very  slowly  to  the  temperature 
chosen,  otherwise  the  large  quantity  of  heat  evolved 
may  cause  the  temperature  of  the  specimen  to  rise 
above  that  of  the  heating  medium  and  so  complete  Ac,. 
In  this  event  the  actual  tempering  would  be  higher 
than  that  indicated  by  the  temperature  aimed  at.  This 
is  a  highly  undesirable  possibility  for  the  change  in 
physical  properties  on  passing  from  martensite  to 
troostite  is  probably  more  pronounced  than  it  is  usually 


^Edwards    &    Norbury;    J. 
(1920). 


Iron    &    Steel    Inst.,    101;    447. 
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Fig.  2 — Effect  of  chromium  on  the  temperature  of  Act,  Aci 
and  Ac=  in  hardened  chromium  steels. 

thought  to  be.  It  has  evaded  notice  because  of  the 
lack  of  knowledge  of  the  temperature  range  in  which 
to  look  for  it. 

The  steels  with  a  high  Act  have  the  interval  be- 
tween the  end  of  Act  and  beginning  of  Ac^  shortened 
so  that  the  troostite-sorbite  tempering  range  is  corre- 
spondingly reduced.  The  slope  of  the  hardness-tem- 
pering temperature  curve  is  thereby  increased  as  shown 
by  the  curve  for  the  silicon  steel  in  Fig.  3.  If  com- 
mercial tempering  is  done  in  this  range,  the  tempering 
temperature  limits  must  be  closer  than  in  a  steel  of  low 
Act,  in  order  to  keep  the  hardness  variations  within 


424 


Tliol^lasfFumacpSSleolPlanf 


August,  1922 


the  same  limits.  It  is  also  evident  from  Fig.  3  that  the 
other  steels  of  tliis  figure  which  have  a  low  Act  soften 
at  a  lower  temi)crature  than  does  the  silicon  steel,  but 
all  of  them  have  higher  hardness  when  tempered  to 
sorbite  than  the  0.70  per  cent  steel. 

It  has  often  been  implied  that  the  propert}'  of  "red- 
hardness"  in  high-speed  steel  results  from  the  ability 
of  tungsten  which  is  evidently  a  factor  contributing 
tn  "red-hardness."  If,  however,  the  observation  that 
.Ac,  is  not  raised  by  5  per  cent  tungsten  also  holds  for 
higher  contents,  that  can  not  be  a  valid  explanation 
(if  the  phenomenon.  Referring  to  Honda  and  Mura- 
kami's magnetic  curves,'  which  also  reveal  Ac,,  one 
finds  that  this  change  is  raised  only  slightly  by  as  much 
as  19.5  per  cent  tungsten,  a  degree  quite  insufficient 
to  account  for  the  resistance  to  tempering  of  high-speed 
steel.     Evidently  this  characteristic  property  of  high- 
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Fig.  3 — Effect  of  tempering  on  the  scleroscope  hardness  of 
carbon,  tungsten,  silicon  and  cobalt  steels. 

S])ccd  steel  is  not  conferred  by  tungsten,  but  by  chrom- 
ium, and  the  explanation  of  the  function  of  tungsten 
nuist  be  sought  along  other  lines. 

Thermal  analysis,  it  is  seen,  ofifers  a  convenient 
njethod  for  determining  the  boundary  between  marten- 
site  and  troostite  of  tempering  which  is  a  transition  of 
considerable  importance  in  the  treatment  of  tool  steel. 
It  does  not,  however,  give  any  indication  of  the  change 
from  troostite  to  sorbite  which  is  of  principal  interest 
in  the  tempering  of  structural  steels.  .'\  knowledge 
of  the  effect  of  alloys  on  this  change  is  essential  to  a 
comprehensive  analysis  of  the  phenomena  of  temper- 
ing in  alloy  steels.  The  magnetic  properties  present 
a  likely  means  for  determining  it  accurately,  but  as 
yet  few  data  are  available.  The  comparison  of  alloy 
steels  on  the  fundamental  basis  of  constitution  is  de- 
pendent on  such  information. 

Summary. 

To  simimarize.  it  may  be  stated  of  the  eight  alloy- 
ing elements  manganese,  silicon,  nickel,  cobalt,  tung- 
sten, chromium,  vanadium  and  molybdenum,  whose 
effect  on  the  decomposition  of  martensite  was  studied 
by  means  of  thermal  analysis  that  only   three,   man- 

*Honda  and  Murakami:  ,^ci.  Report.^  Tohokii  Imp.  Univ., 
6,  235,  (1918). 


ganese,  silicon  and  chromium,  change  the  character- 
istics of  the  transition  substantially.  Of  these,  the 
last  two  raise  the  temperature  of  the  transformation 
to  a  degree  which  may  affect  the  tempering  given  to 
secure  a  predetermined  constitution.  In  no  case  is 
Act  lowered.  The  two  elements  which  raise  Act  also 
raise  AC],  but  the  latter  not  as  much  as  the  former, 
thereby  shortening  the  troostite-sorbite  tempering 
range.  However,  all  elements  which  raise  Ac,  do  not 
raise  Acf  Hardness-tempering  temperature  curves 
show  the  effect  of  silicon  in  maintaining  hardness  for 
higher  tempering  temperatures  than  in  carbon  steel 
and  that  of  tungsten,  cobalt  and  silicon  in  increasing 
the  hardness  of  highly  tempered  steel.  It  is  shown  that 
chromium  and  not  tungsten  is  the  element  in  high- 
speed steel  which  develops  resistance  to  tempering. 


ETCHING  REAGENTS  FOR  ALLOY  STEELS 

Several  series  of  "sequence  etchings"  have  been  tried 
out  by  the  U.  S.  Bureau  of  Standards  on  a  specimen  of 
high-speed  steel  which  was  in  the  "as  received  from  the 
mill"  condition.  Sequence  etching  means  the  etching  with 
two  or  three  reagents  in  successive  order  without  any 
repolishing  of  the  section  between  the  etchings,  and  the 
taking  of  photomicrographs  after  each  etching;  at  the 
same  spot  in  the  microsection  in  order  to  note  any 
changes  in  microstructure  produced  by  the  last  etching 
as  compared  with  that  developed  by  the  preceding  etch- 
ing reagent. 

The  reagents  used  in  various  combinations  were :  ( 1 ) 
Dilute  aimuonium  hydroxide  solution,  together  with  a 
weak  electric  current,  the  specimen  being  made  positive 
pole;  (2)  two  per  cent  alcoholic  solution  of  nitric  acid: 
(3)  boiling  sodium  picrate;  and  (4)  Murakami's  reagent 
(solution  of  potassium  ferricyanide  and  sodium  hy- 
droxide) at  boiling  temperature. 

The  results,  as  judged  from  the  behavior  toward  the 
various  etching  reagents  tried,  appear  to  show  that  there 
are  at  least  three  different  constituents  present  among 
the  imbedded  globules  or  particles  in  the  .specimen  of 
high-speed  steel,  in  the  "as  received  from  the  mil!"  con- 
dition, though  any  attempt  to  state  the  nature  of  these 
constituents  would,  in  view  of  present  developments,  in- 
volve speculation. 


DRILL  STEEL  SURVEY  REPORT 

The  first  jiroyress  report  to  members  of  the  advisorv 
board  to  the  Fiureau  of  Mines  and  the  Hureau  of  Stand- 
ards on  the  breakage  and  heat  treatment  of  rock  drill 
steels  and  other  steels  and  alloys  subjected  to  similar 
impact  stresses  has  been  made  by  Dr.  H.  Foster  Bain, 
director  Bureau  of  Mines,  and  Dr.  S.  W.  Stratton,  di- 
rector Bureau  of  .Standards,  covering  the  work  done  in 
the  month  of  April. 

The  survey  was  begun  on  April  1  with  the  object  of 
determining  the  present  status  of  the  types  and  sizes 
of  drills  as  related  to  the  heat  treatment  and  breakage  of 
rock  drill  steels.  During  that  month  a  large  number  of 
mines,  largely  copjier,  were  visited  by  F.  B.  Foley  and  H. 
S.  Bm-nholz,  metallurgists  Bureau  of  Standards.  The 
report,  which  is  a  lcn<:thy  one,  gives  the  practice  of  each 
mine  as  to  the  kind  of  hit.  the  size  of  steel  and  in  some 
cases  the  heat  treatment  'ised.  No  conclusions  are  drawn 
or  comments  made. 
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Breakage  of  Rolls  on  Sheet  and  Tin  Mills 

General  Discussion  Giving  the  Cause  For  Rough  Rolls  On  the 
Mills  and  the  General  Effect  That  They  Have  Upon  the  Product. 

By  W.  H.  MELANEY 
PART   III 


ONE  of  the  most  annoying  as  well  as  costly  con- 
ditions on  Sheet  or  Tin  Mills,  is  the  roughing  up 
of  the  chilled  surface  of  the  rolls  during  the  roll- 
ing process.  Especially  is  this  true  when  making  high 
grade  sheets  such  as  are  used  in  the  manufacture  of 
automobiles,  where  an  almost  perfect  surface  on  the 
"4ieet  is  required. 

This  roughing  up  can  be  divided  into  four  classes, 
each  one  of  which  has  its  individual  characteristics 
and  is  totally  different  from  either  of  the  other  classes. 
The  first  is  the  most  prevalent  one,  the  one  that 
gives  the  most  trouble  and  is  known  as  gathering.  The 
second  is  known  as  pitting.    The  third  as  simple  rough- 


Fig.  1 — Part  of  sheet  showing  the  effects  of  gathering. 

ness  and  the  fourth  as  crazing  or  checking,  because  of 
the  fine  raised  check  lines  in  the  form  of  squares  left 
in  the  surface  of  the  sheet. 

The  roughing  up  of  the  surface  of  the  rolls  is  most 
iioublesome  in  the  beginning  of  the  week,  because  of 
the  unfavorable  conditions  under  which  the  rolls  are 
then  operating  and  will  be  discussed  later  on  undc 
the  proper  heading.  Roughing  up  is  not  to  be  confused 
with  bad  surface  on  the  sheets,  due  to  scale  or  othci 
impurities  in  the  sheet  bar,  being  rolled  into  the  face  of 
the  sheet,  nor  with  any  imperfections  caused  by  de- 
posits of  ash  or  other  products  of  combustion  left  on 
the  sheets  b}'  the  furnaces. 

In  dealing  with  roughness,  the  first  thing  to  be  con- 
sidered is  to  which  class  it  belongs,  as  the  remedy  will 
'be  different  in  each  case. 


Gathering. 

Gathering  is  that  form  of  roughness  where  the  face 
of  the  roll  becomes  covered  in  certain  well  defined 
bands,  by  small  particles  of  extremely  hard  substance, 
evidently  steel  built  up  on  the  face  of  the  rolls,  stand- 
ing out  in  relief  and  which  due  to  the  pressure  and  the 
revolving  of  the  rolls,  are  finally  elongated  or  stretched 
into  streaks  or  lines  in  the  direction  of  the  rolls. 

These  lines  being  in  relief  cut  into  the  face  of  the 
sheet  and  produce  indentations  that  are  impossible  to 
remove  by  any  amount  of  cold  rolling  and  in  the  case 
of  very  thin  sheets,  cut  completely  through  the  sur- 
face sheets  of  the  pack.  This  is  why  this  form  of 
roughness  is  the  most  objectionable,  as  the  effect  once 


Fig.  2 — Part  of  sheet  showing  the  effect  of  pitting. 

produced  on  the  sheet  it  is  impossible  to  remove  it  by 
any  future  treatment.     See  Fig.  1. 

Cause  of  Gathering. 

There  are  a  number  of  causes  for  gathering,  several 
of  which  may  exist  at  the  same  time. 

An  extremely  mild  chill  roll  is  more  susceptible 
to  gathering  than  a  harder  one,  because  the  more  open 
the  structure  of  the  metal  composing  the  face  of  the 
roll,  the  more  readily  the  small  particles  will  build  up 
on  its  face.  The  primary  cause  of  gathering,  however, 
is  one  of  friction  and  can  be  produced  in  various  ways. 

When  two  sheet  or  tin  rolls  run  together  after  being 
heated  up,  as  the  top  roll  is  driven  by  friction  from  the 
bottom  roll,  there  will  always  be  some  slight  slippage 
or  lagging  of  the  top  roll,  due  to  difference  in   neck 
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lubrication,  or  the  rolls  being  slightly  crossed,  that  is, 
out  of  [icrfect  alignment  with  each  other,  or  perhaps 
too  tight  lining  up  of  the  side  brasses  or  not  enough  end 
play,  thus  causing  a  variation  in  the  friction  load  of 
the  top  roll.  This  results  in  friction  between  the  sur- 
faces of  top  and  bottom  rolls,  because  the  rolls  are  hot 
and  of  course  unlubricated  and  small  particles  of  metal 
arc  torn  out  of  the  face  of  the  rolls,  where  the  two 
surfaces  touch,  and  also  diit  nf  tlic  surface  of  the  pack 
or  sheet  bar. 

These  particles,  due  to  the  pressure  of  the  top  roll 
upon  the  bottom  one,  adhere  to  one  or  both  rolls  and 
gradually  build  up  under  pressure  and  elongate  in  the 
direction  of  the  rotation  of  the  rolls  until  these  gathered 
particles  form  a  pronounced  ridge  or  projection  upon 
the  face  of  the  roll,  which  requires  frequent  scouring 
with  a  carborundum  block  to  remove. 

This,  as  will  be  noticed,  forms  most  readily  on  that 
portion  of  the  roll's  face  where  narrow  bearings  occur, 
as  the  roughness  of  these  bearings  offer  more  favorable 
conditions  for  the  building  up  of  these  small  particles 
of  steel  and  when  they  appear,  they  must  be  removed 
by  scouring  the  surface  of  the  roll  with  a  coarse  car- 
borundum block,  which  cuts  away  these  proje^lions 
and  leaves  the  surface  of  the  rolls  smooth  again. 

The  purer  the  steel  in  the  bar  or  pack,  that  is  being 
rolled,  that  is  the  lower  the  sulphur  and  phosphorus 
content,  the  more  the  trouble  that  will  be  experieiix.ed 
from  gathering.  This  is  due  to  the  fact  that  the  sn;all 
jjarticles  of  steel  torn  out  of  the  face  of  the  bar,  will 
weld  up  under  pressure,  much  more  readily  when 
pure  than  when  the  phosphorus  and  sulphur  content  is 
higher. 

Also,  bars  heated  with  gas  give  more  trouble  from 
gathering  than  those  heated  with  coal,  because  the  sul- 
phur in  the  coal  produces  a  sulphur  oxide  on  the  face  of 
the  bar,  which  being  only  skin  deep,  does  not  etfcct 
the  interior  of  the  bar,  therefore,  is  not  deleterious  to 
the  quality  of  the  sheets  and  is  not  objectionable. 

For  the  same  reason,  pickled  bars  give  more  trouble 
from  gathering  because  all  the  scale  has  been  removed, 
leaving  pure  particles  of  steel  to  be  torn  from  the  pack 
which  weld  up  readily  under  the  pressure  of  the  screws 
of  the  mill.  This  is  the  reason  that  gathering  is  more 
apparent  when  too  much  screw  is  used  on  bar  or  packs, 
as  the  greater  screw  pressure  produces  a  better  welding 
condition. 

Gathering  occurs  most  in  the  fore  part  of  the  week. 
Iiccause  the  condition  of  the  face  of  the  rolls  at  this  time 
is  most  favorable  to  gathering. 

This  is  caused  by  the  turning  or  dressing  of  the  rolls 
in  the  roll  lathe,  as  the  dressing  off  of  the  rolling  face 
of  a  chilled  roll  is  decidedly  a  scraping  rather  than  a 
cutting  process  and  this  opens  up  the  grain  of  the  chill 
and  leaves  an  open  texture  that  the  small  particles  of 
steel  readily  adhere  to. 

.'Kfter  the  rolls  have  been  run  long  enough  to  close  up 
their  face,  due  to  the  pressure  of  the  two  rolling  sur- 
faces upon  each  other,  gathering  is  not  so  apt  to  ap- 
pear as  the  hardened  surface  will  not  permit  the  parti- 
cles of  steel  to  adhere. 

Pitting  of  Rolls 

The  pitting  of  rolls  is  a  different  type  of  roughness 
and  results  from  several  causes,  but  is  not  as  serious 
as  gathering,  because  in  this  case  the  pitting,  as  the 
name  implies,  leaves  small  depressions  in  the  face  of  the 
roll,    which    in    turn   leave    projections   on    the    sheet 


which    are    easily    removed    by    the    cold    rolls.      See 
Fig.  2. 

The  worst  form  of  pitting  is  caused  primarily  by  the 
gathering  being  permitted  to  remain  on  the  race  of 
the  roll  too  long  before  it  is  scoured  off.  The  result 
is  the  elongated  ridges  built  up  on  the  face  of  the  roll 
and  which  are  harder  than  the  roll  face  and  due  to  the 
pressure  of  the  rolls  upon  each  other,  these  ridges  are 
sunk  partly  into  the  face  of  the  roll  and  when  the  ridges 
are  scoured  of?  they  leave  underneath  these  ridges,  a 
depression  in  the  face  of  the  roll,  corresponding  in  size 
and  shape,  to  the  ridges  that  produced  them,  so  that 
the  sheet  looks  much  the  same  as  it  did  under  gathering 
except  that  instead  of  leaving  indentations  in  the  face 
of  the  pack,  which  would  ruin  it,  they  are  now  small 
projections  similar  in  shape  and  size,  to  the  original 
ridges  that  produced  them,  and  which  can  be  rolled 
down  on  the  cold  rolls  but  do  not  make  a  perfect  finish 
on  the  sheet. 

Another  form  of  pitting  is  due  to  small  particles 
of  scale  torn  from  the  bars  and  packs  being  rolled  into 
the  face  of  the  rolls,  forming  small  irregular  indenta- 
tions which  leave  projections  on  the  face  of  the  pack. 
They,  of  course,  are  removed  bj'  the  cold  rolls  and 
while  not  desirable,  are  not  so  serious  as  other  forms 
of  roughness  and  can  be  more  readily  removed  by  the 
scouring  block. 

Rough  Surface. 

This  type  of  roughness  usually  appears  in  streaks 
or  bands  around  the  circumference  of  the  rolls  and  is 
caused  by  narrow  bearings  where  the  surfaces  of  the 
top  and  bottom  rolls  come  in  contact  with  each  other, 
and  the  slippage  of  one  roll  upon  the  other  roughens 
up  the  surface  very  rapidly  after  the  rolls  become 
heated  and  this  would  happen,  even  though  no  metal 
was  being  rolled. 

This  type  of  roughness  results  generally,  either 
from  uneven  expansion  of  the  rolls,  or  uneven  polish- 
ing, and  under  this  condition,  is  more  or  less  under 
control  of  the  roller,  but  it  can  also  be  caused  by  care- 
less roll  turning  and  when  this  is  true,  the  only  solu- 
tion is  to  re-dress  the  rolls. 

Another  condition  that  sometimes  happens  when 
newly  dressed  rolls  are  put  into  service,  is  polished 
streaks  on  the  surface  of  the  sheets  and  is  caused  by 
exactly  the  same  conditions  as  noted  above,  that  is.  the 
rolls  only  touch  in  streaks  and  this  closes  up  the  grain 
of  the  chilled  surface  on  these  narrow  bearings,  which 
had  been  opened  up  by  dressing. 

The  surface  of  the  roll  at  these  places  becomes 
denser,  due  to  comjiression.  and  leaves  a  polished 
streak  upon  the  sheet,  but  if  allowed  to  continue  with- 
out acouring  off,  they  will  eventually  develop  into 
rough  streaks. 

Crazing  of  Rolls. 

Crazing  of  rolls  is  not  a  very  serious  condition  usu- 
ally, as  its  efTect  on  the  sheets  can  be  removed  by  the 
cold  rolls. 

By  crazing  is  meant  the  finely  checked  or  grained 
surface  of  the  roll,  leaving  a  fine  hair  line  in  relief  all 
over  the  surface  of  the  sheet,  crossed  at  right  angles 
by  other  hair  lines  forming  fine  squares  or  checks  all 
over  the  surface.  If  you  examine  the  rolling  surface 
of  the  rolls  closely,  you  will  find  it  all  broken  up  into 
squares  (giving  it  a  grain-like  effect)  by  fine  cracks 
no  larger  than  a  hair.     These  leave  the  lines  in  relief 
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on  the  sheets  and  can  be  removed  Ijy  the  cold  rolls  with 
no  apparent  bad  effect  except  when  the  squares  are  so 
large  as  to  be  plainly  noticeable  on  high  grade  surfaces, 
such  as  automobile  sheets,  and  this  sometimes  hap- 
pens. 

This  crazing  is  caused  by  the  rapid  expansion  of 
the  chilled  surface  of  the  rolls,  both  longitudally  and 
circumferentially,  really  tearing  the  skin  of  the  surface 
apart  and  the  slower  the  rolls  are  warmed  up  the  finer 
will  be  the  checks  and  when  the  squares  become  large 
enough  to  be  objectionable,  it  is  an  indication  that  the 
rolls  were  too  rapidly  brought  up  to  working  tempera- 
ture and  the  roll  in  expanding  started  to  tear  its  sur- 
face apart  as  chill,  like  glass,  is  of  a  crystalline  struc- 
ture and  very  sensitive  to  heat  conditions.  It  is  obvious 
that  the  way  to  avoid  this  condition  is  slower  warming 
up. 

You  will  also  note  that  when  the  rolls  are  gagged 
or  in  any  other  way  stopped  with  a  hot  bar  or  pack 
between  them,  that  these  squares'  on  the  surface  of  the 


roll  at  the  point  of  contact  with  the  hot  bar  are  very 
much  enlarged,  due  to  the  rapid  heating  of  the  surface 
of  the  roll  and  when  this  happens,  a  condition  is  started 
in  the  roll  that  will  ultimately  cause  it  to  break,  as  it 
is  already  badly  ruptured  on  its  surface  and  these  cracks 
extend  practically  through  the  chill. 

Spawls 

This  is  also  one  of  the  cailses  for  rolls  spawling, 
although  the  spawl  does  not  usually  occur  until  later  on 
and  this  is  the  reason  the  statement  is  so  often  made, 
that  the  roll  spawled  without  apparent  cause  as  the 
cause  may  have  happened  long  enough  ago  to  be  over- 
looked. 

Another  cause  for  spawls,  of  course,  is  a  crush, 
due  to  rolling  a  pair  oi  tongs  or  a  cold  black  end,  and 
as  stated  above,  does  not  occur  until  later  on,  when 
the  cause  has  been  forgotten. 

This  is  the  reason  a  roll  manufacturer  will  not 
replace  a  spawled  roll,  as  it  is  purely  a  mill  condition 
and  not  an  inherent  defect  in  the  roll  itself. 


Combustibility  of  Blast  Furnace  Fuels 

The   Influence   of   Structure   On   the   Combustibility   and   Other 
Properties  of  Solid  Fuels  Used  In  Steel  Works. 

By  E.   R.  SUTCLIFFE  and  EDGAR  C.  EVANS 


THE  influence  of  structure  on  the  combustibility  of 
fuels  is  a  subject  which  has  received  very  little 
attention.  The  most  systematic  work  on  the  sub- 
ject has  been  in  connection  with  fuels  for  blast  furnace 
purposes,  chiefly  between  1884  and  1890,  and  this  work 
still  retains  a  considerable  interest. 

Thorner  made  a  most  interesting  investigation  in 
1885  on  the  structure  of  blast  furnace  steels  (Stahl  und 
Eisen,  1886,  6,  71).  His  memoir  was  accompanied  by 
seme  very  instructive  photomicrographs  of  sections  of 
coke  and  charcoal.  He  found  that  the  fuels  which  gave 
the  best  results  in  the  blast  furnace,  viz.,  Meiler  coke 
and  charcoal,  were  characterized  by  high  combustibility, 
high  degree  of  porosity,  and  comparatively  high  per- 
centage of  volatile  matter,  and  that  they  contained  pores, 
the  cell  walls  of  which  were  either  longitudinal  in  direc- 
tion or  had  a  pronounced  tendency  in  that  direction.  He 
quotes  his  results  as  being  in  agreement  with  those  of 
Belani  and  Kutscher,  who  from  practical  experience  had 
come  to  the  conclusion  that  the  ideal  furnace  coke  should 
be  "as  voluminous,  as  rich  in  pores,  and  as  similar  to 
charcoal  as  possible." 

Later  Belani  (Stahl  und  Eisen,  1885,  5,  603)  sug- 
gested that  the  heating  value  of  a  fuel  per  unit  of  time 
depended  on  the  combustibility  of  the  fuel  and  on  the 
amount  of  surface  presented  to  the  draught.  He  found 
that  the  (surface  of  charcoal):  (surface  of  coke)  = 
5.5:1  and  the  (combustibility  of  charcoal):  (combusti- 
bility of  coke  =  1.5:1,  from  which  he  calculated  that 
the  ratio  of  the  heating  power  of  charcoal  per  unit  of 
time  to  the  heatine  power  of  coke  per  unit  of  time  is 
5.5  X  1-5  =  8.25:1. 


Abstract  of  paper  read  by  authors  before  Society  of  Chem- 
ical Industry  Burlington  House,  April  3,  1922. 


Very  little  work  has  been  done  in  England  on  the 
influence  of  structure  on  the  properties  of  fuels,  prob- 
ably because  of  the  fact  that  the  use  of  charcoal  in  metal- 
lurgical operations  had  been  discontinued  in  England 
long  before  blast  furnace  technology  had  reached  the 
level  of  an  exact  science. 

Even  Bell,  in  his  monumental  work  on  the  blast  fur- 
nace, had  to  depend  for  his  knowledge  of  charcoal  as  a 
fuel,  almost  entirely  upon  the  evidence  submitted  from 
abroad,  and  the  question  of  "combustibility"  as  apart 
from  "heating  value"  plays  therefore  very  little  part  in 
his  calculations. 

Armstrong,  however,  in  his  paper  on  the  "Mechanics 
of  Fire"  (J.,  1905,  473),  pointed  out  in  a  footnote  the 
important  possibilities  of  changes  which  constitute  the 
process  of  combustion,  while  Bone's  work  on  surface 
combustion  emphasized  in  a  remarkable  way  the  im- 
portance of  structure  in  the  combustion  of  gases  on  an 
incandescent  surface. 

At  present,  while  it  is  realized  that  structure  does 
play  a  part  and  an  important  part  in  the  combustion  of 
coal  and  other  solid  fuels,  the  complexity  of  the  com- 
bustion phenomena  in  the  case  of  non-carbonized  fuels 
has  made  it  extremely  difficult  to  determine  the  nature 
and  extent  of  its  influence,  while  in  the  case  of  carbon- 
ized fuels — particularly  gas  coke  and  furnace  coke — the 
phenomena  of  combustion  are  also  complicated  by  the 
refractory  character  of  the  graphitic  skin  of  carbon 
which  is  formed  during  most  processes  of  high  tempera- 
ture carbonization. 

The  possibilities  of  structure  in  the  combustion  of 
solid  fuels  were  brought  home  to  the  authors  in  a  rather 
interesting  manner  in  connection  with  a  mine  lire  in 
South  Wales.     The  fire  had  been  burning  for  several 
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months,  and  to  prevent  it  spreading,  the  tire  zone  had 
been  totally  enclosed  by  brick  stoppings,  while  further, 
very  considerable  quantities  of  carbon  dioxide  had  been 
injected  into  this  screen  (^vide  I'roc.  Inst.  Mn.  Kng.,  V., 
51,  209).  Hy  this  means  it  had  been  found  possible  to 
reduce  the  oxygen  percentage  to  1.5 — 3.0  per  cent,  but 
even  this  small  proportion  jjroved  sufficient  to  maintain 
slow  combustion,  and  it  was  ultimately  decided  to  quench 
out  the  lire.  I'or  this  jjurpose  one  of  the  brick  stoppings 
was  removed.  The  etTect  of  increasing  the  oxygen  per- 
centage on  the  burning  coal  was  extremely  interesting. 
When  first  viewed  through  the  open  stopping  the  face 
of  the  seam  was  black;  the  slow  combustion  that  was 
taking  place  was  not  sufficient  to  raise  the  temperature 
to  the  ignition  point,  but  as  the  increased  percentage  of 
oxygen  began  to  exert  its  influence  active  combustion 
started.  It  did  not,  however,  commence  at  one  point, 
but  started  at  a  number  of  points  entirely  isolated  and 
independent  of  one  another,  making  the  coal  seam  appear 
like  a  number  of  stars;  Combustion  did  not  spread  from 
these,  but  the  stars  simply  multiplied,  breaking  out 
one  after  another  independently  until  finally  the  whole 
seam  was  covered,  and  appeared  to  be  a  red  burning 
mass. 

Even  at  that  time  the  phenomena  observed  seemed 
apparenty  to  be  due  to  surface  combustion  at  points 
where  conditions  were  favorable.  The  illustration  is  of 
some  interest  in  view  of  recent  work,  and  has  a  signifi- 
cant bearing  on  some  of  the  views  advanced  later. 

\\'hen  the  question  of  combustion  of  coal  is  studied 
in  detail,  the  problem  is  very  seriously  complicated  by 
the  heterogeneous  character  of  coal.  A  number  of  ob- 
servers have  studied  the  question  of  the  ignition  tem- 
perature of  coal.  Tables  of  ignition  temperatures  are 
frequently  published  which  show  a  gradual  increase  on 
passing  from  bituminous  coal  to  anthracite,  but  these 
tables  after  all  situply  give  the  temperature  at  which  the 
gases  evolved  from  the  coal  ignite,  and  these  tempera- 
tures vary  not  only  with  the  coal,  but  with  the  different 
constituents  of  coal  itself. 

The  constitution  of  coal  has  been  studied  by  a  num- 
ber of  observers,  and  notably  by  Wheeler  and  his  col- 
laborators, and  the  essential  difference  between  various 
coals  can  easily  be  realized  by  a  study  of  photomicro- 
graphs of  coal  sections.  But  while  these  photographs 
show  clearly  the  internal  structure  of  coal,  while  they 
show  the  heterogeneous  character  of  most  coals,  and 
explain  the  difference  in  ignition  temperatures  of  vari- 
ous coals,  they  do  not  themselves  ex])lain  the  very  con- 
siderable differences  in  combustibility.  Some  coals  are 
said  to  be  "bright"  and  "active"  in  combustion,  others 
again  of  similar  content  of  volatile  matter  are  said  by 
stokers  to  be  "dead"  in  burning.  The  reason  for  this  is 
not  entirely  due  to  composition  or  constitution;  it  is  a 
matter  in  which  the  structure  of  the  carbonaceous  resi- 
due left  after  the  volatile  products  have  been  burned  oft' 
plays  an  extremely  important  part. 

In  examining  the  question  it  is  advisable  at  the  outset 
to  simplify  the  investigation  by  studying  the  behavior 
of  coals  which  neither  fuse  nor  decrepitate  in  the  fur- 
nace. Highly  fusible  resinous  coals  which  cake  together 
in  a  grate  or  in  a  boiler  furnace  form  a  semi-caked  mass 
which  has  to  be  poked  and  stirred  frequently  to  allow 
of  the  free  passage  of  air  and  heated  gases  through  it. 

Other  coals  decrepitate  and  fall  to  pieces,  leaving  a 
dust  which  impedes  the  action  of  the  air  blast,  and  to 
avoid  complicating  the  field  of  study  it  is  advisable  to 
eliminate  both  these  classes,  and  to  select  coals  which 
burn  easily  and  steadily  without  necessity  for  excessive 


poking.  South  Wales  steam  coals  offer  excellent  possi- 
bilities in  this  direction,  while  high  volatile  non-caking 
coals  can  also  be  studied  to  advantage. 

The  combustibility  of  a  fuel  of  this  type  may  per- 
haps be  defined  as  the  ease  with  which  it  combines  with 
oxygen.  This  involves  the  time  factor.  The  rapidity 
with  which  a  fuel  burns  may  be  taken  as  a  criterion  of 
its  combustibility.  It  is  not  a  question  of  calorific  value. 
Two  different  fuels  may  have  the  same  calorific  value, 
but  one  may  burn  much  more  easily  and  much  more 
quickly  than  the  second,  and  the  consumption  per  square 
foot  of  grate  area  per  unit  of  time  may  be  considerably 
greater.  The  temperature  attained  by  combustion  may 
also  be  higher.  As  an  extreme  example,  the  old  text- 
book illustration  of  the  rusting  of  iron  may  be  quoted. 
The  heat  units  produced  might  be  the  same  as  if  it 
burned  in  oxygen,  but  the  temperature  attained  is  ver)- 
different  in  the  two  cases.* 

A  method  that  has  been  used  in  determining  the  com- 
bustibility of  a  carbonized  fuel  is  to  note  the  effect  of  air 
and  of  carbon  dioxide  upon  the  fuel  at  various  tempera- 
tures, and  to  note  the  loss  of  weight  in  successive  periods 
of  time  (Thorner,  loc.  cit.,  and  Bell,  "Principles").  By 
this  means  it  has  been  foimd  that  the  porosity  of  a  fuel 
plays  an  extremely  important  part  in  determining  its 
combustibility. 

In  studying  on  a  large  scale  the  factors  that  play  a 
part  in  determining  the  combustibility  of  a  fuel,  the 
first  step  is  to  obtain  a  homogeneous  product.  At  the 
outset  it  will  be  noticed  that  homogeneity  itself,  apart 
from  other  factors,  exerts  an  important  influence. 

Homogeneity  of  Size. 

The  first  attempts  to  obtain  a  homogeneous  fuel  com- 
mercially have  been  in  the  direction  of  sizing  the  coal. 
Sizing  non-caking  steam  coals,  anthracite  coals,  and 
some  American  high  volatile  coals  (e.g.,  Illinois  coals) 
has  proved  of  considerable  advantage  for  steam  raising 
purposes. 

In  so  far  as  American  anthracite  is  concerned,  siz- 
ing has  been  absolutely  necessary  for  the  following  rea- 
sons (Cullon,  "Cours  d'Exploitation  des  Mines  Texte," 
III.,  183).  (Ij  Pennsylvania  anthracite  will  not  de- 
crepitate in  the  fire  to  burn  without  sizing.  (2^  If  in 
too  large  size  the  cold  mass  will  be  in  too  great  propor- 
tion to  the  incandescent  surface.  (3)  The  sizes  should 
be  the  same  so  that  all  particles  should  be  under  the 
action  of  flame  at  the  same  time.  (4)  Small  particles 
should  not  be  .so  numerous  as  to  fill  up  the  spaces  be- 
tween the  large  particles,  and  thus  impede  the  passage 
of  the  air  and  heated  gases. 

In  the  case  of  non-caking  bituminous  coals,  the  fol- 
lowing advantages  are  claimed  for  sizing  (Malcolmson, 
First  Annual  Convention  Int.  Railway  Fuel  Assoc, 
1909).  (1)  Increase  of  fuel  and  boiler  efficiency.  (2) 
Less  loss  of  fuel  in  ash.  (3)  Less  smoke.  (4)  Uniform 
combustion  insuring  greater  capacity  of  furnace.  (5) 
Less  draught  needed..  (6)  Longer  life  of  grate.  (7) 
Furnace  under  better  control.  Steam  can  be  raised  more 
rapidly.  (8)  Less  danger  of  spontaneous  combustion 
of  stored  coal. 

The  claim  for  increased  furnace  efficiency  has  not 
been  confirmed  in  detailed  tests  made  by  the  U.  S.  Bu- 
reau of  Alines,  but  the  other  advantages  are  generally 
acknowledged,  and  the  large  market  that  exists  for  sized 


*This    illustration    is.    of    course,    not    strictly    correct,   as 
the   oxides  are   different. 
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Coalite.    Half  natuial  size. 
FiO.   4. 


Low-temperature  coke. — From  No.  2  Rhondda  coal.     Natural  size. 
FlQ.    1. 


Low-temperature  coke. — From  No.  2  Rhondda  coal,  mixed  with  a 
proportion  of  coke  breeze.     Natural  size. 

Fio.   2. 


South  Metropolitan  smokeless  fuel.    Natural  size 
Fig.    5. 


Pure  coal  briquette — Carbonised — South  Wales    steam  coal.    (No 
addition  of  coke.)    Natural  size. 

FlO.    6. 


Low-temperature  coke.— From  No.  2  Rhondda  coal    mixed  with  a       P"*  ">*'  briquette — Carbonised— {Lancashire  coal  mixed  with  25% 
proportion  of  preheated  coal.     Natural  size.  coke  breeze.)    Natural  size. 

Fio.  3.  Fio-  '• 


coal    proves   that   it   ha.s   many   important   advantages   in 
large-scale  work. 

Influence  of  Dimensions  of  Fuel  Particles. 

Ceteris  paribus,  the  smaller  the  particles  of  coal,  the 


greater  the  combustibility.  This,  of  course,  arises  from 
the  fact  that  the  surface  area  increases  considerably  in 
proportion  to  the  bulk  as  the  diameter  decreases.  This 
principle  is  applied  in  using  anthracite  for  raising  steam. 
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Anthracite  is  by  no  means  a  fuel  of  high  combustibilty. 
and  is  extremely  difficult  to  burn  in  an  ordinary  boiler 
furnace  if  in  large  sizes.  Yet  anthracite  peas  carefully 
sized  make  an  ideal  boiler  fuel  and  have  better  steam- 
raising  qualites  than  even  high-class  Welsh  steam  coals. 

The  ultimate  possibilities  in  this  direction  are  ob- 
tained ill  the  case  of  powdered  fuel.  The  extremely  high 
degree  of  combustibility  of  coal  dust  in  a  fine  state  of 
subdivision  has  long  been  realized  in  connection  with 
the  study  of  mine  explosions,  and  the  same  principles 
which  make  coal  dust  such  an  explosive  agent,  are  now 
made  use  of  commercially  in  many  applications  of  pow- 
dered fuel. 

Powdered  fuel,  however,  is  by  no  means  an  ideal 
material.  It  cannot  be  stored,  it  cannot  be  tran.'^ported 
per  se,  and  is  liable  to  spontaneous  combustion.  For 
this  reason  attempts  have  been  made,  as  in  the  colloidal 
fuel  process,  to  make  it  transportable  in  the  form  of 
an  emulsion  of  oil  and  coal.  There  is,  however,  a  method 
of  retaining  to  some  extent  the  highly  combustible  ex- 
tremely active  properties  of  powdered  fuel,  and  at  the 
same  time  make  it  easily  transportable,  and  that  is  to 
briquette  it. 

Homogeneity  of  Size  and  Structure. 

It  is  perhaps  an  euphemism  to  regard  patent  fuel 
briquettes,  as  customarily  made,  as  consisting  of  pow- 
dered coal. 

The  advantages  of  fine  grinding  prior  to  briquetting 
have  long  been  known  to  the  briquetting  industry.  It 
increases  the  combustibility  of  the  briquettes,  and  im- 
proves their  appearance,  but  on  the  other  hand  finely 
ground  coals  require  a  greater  percentage  of  binder  than 
coarsely  ground  material,  and  as  a  rule,  if  made  by  the 
ordinary  process  with  pitch  as  a  binder,  the  briquettes 
are  rather  weaker.  In  practice,  therefore,  a  compromise 
is  effected,  and  the  coal  is  only  ground  to  the  extent  that 
would  be  effected  by  an  ordinary  Carr's  disintegrator. 
Even  so,  briquettes  made  with  pitch  possess  many  ad- 
vantages over  coal,  and  these  have  been  summarized  as 
follows  {vide  Malcolmson,  "Commercial  Aspects  of  the 
Coal  Briquetting  Industry,"  Trans.  8th  Int.  Cong.  Appl. 
Chem.,  Vol.  25).  (1)  Briquettes  can  be  readily  trans- 
ported and  handled  and  stored  for  an  indefinite  period 
without  deterioration.  (2)  Briquettes  when  burned  in 
locomotives  under  standard  conditions  show  an  increased 
boiler  efficiency  over  coal  of  the  same  calorific  value 
amounting  to  15  per  cent  in  favor  of  the  briquettes.  (3) 
It  has  been  demonstrated  that  25  per  cent  more  briquettes 
than  coal  can  be  burned  per  sq.  ft.  of  grate  area  per 
hour. 

In  other  words,  briquettes  are  more  combustible  than 
raw  coal,  a  result  entirely  due  to  the  difference  in  struc- 
ture between  briquettes  and  coal. 

The  principal  advantages  of  briquettes  can  ultimately 
be  attributed  to  their  homogeneity  both  in  respect  to 
structure  and  to  the  size  of  the  particles  of  which  they 
are  constituted. 

Briquettes  made  with  pitch  in  the  usual  way  are  not 
entirely  homogeneous.  The  coarsely  ground  coal  of 
which  they  are  made  is  not  uniform  in  size  and  the  addi- 
tion of  pitch  introduces  a  further  complication. 

A  stage  further  in  the  direction  of  homogeneity  can, 
however,  be  attained  by  making  briquettes  without  the 
addition  of  binding  material,  the  briquettes  thus  consist- 
ing of  uniformly  sized  particles  of  the  raw  coal  itself 
cemented  together  by  the  binding  material  in  the  coal 
substance.  Briquettes  of  this  type  can  be  obtained  by 
finely  grinding  the  coal  and  subjecting  it  under  suitable 


conditions  to  a  pressure  of  about  10  tons  per  sq.  in.  For 
all  practical  purposes  briquettes  of  this  type  can  be  re- 
garded as  solidified  coal  dust ;  they  are  considerably 
more  homogeneous  in  structure  and  constitution  than 
any  of  the  fuels  yet  dealt  with,  and  a  study  of  their  prop- 
erties serves  to  illustrate  in  many  ways  the  effect  of 
structure  on  the  general  properties  of  fuels. 

The  combustion  of  these  briquettes  in  a  domestic 
grate  proceeds  with  much  greater  regularity  and  uni- 
formity than  that  of  raw  coal  and  presents  the  follow- 
ing special  features:  (1)  After  the  volatile  matter  has 
been  burned  away  the  briquettes  burn  easily  and  steadily 
in  a  similar  manner  to  charcoal.  (2)  They  remain 
ignited  until  practically  the  whole  of  the  carbonaceous 
matter  has  burned  away,  leaving  no  clinker,  but  only  a 
residue  of  finely  divided  ash.  (3)  The  radiant  heat 
emitted  from  a  fire  of  these  briquettes  is  considerably 
greater  than  that  from  a  coal  fire. 

The  following  comparative  test  made  with  a  raw 
coal  of  volatile  matter  35  per  cent,  ash  5.6  per  cent,  and 
briquettes  from  the  same  coal  made  without  a  binder 
may  serve  to  illustrate  the  difference  between  the  com- 
bustion of  briquettes  and  raw  coal : 

House  coal  Briquettes 

Weight   taken    6  lbs.  6  lbs. 

Time  taken   in   burning    6J4  hrs.  9^.2  hrs. 

Unburned    cinders    20j4  oz.  1  oz. 

The  unburned  cinders  from  the  briquettes  vi^ere  found 
in  the  extreme  corners  of  the  grate.  The  material  in 
the  center  had  burned  completely  away. 

The  proportion  of  unburned  cinders  left  in  both  cases 
is  significant.  A  coal  fire  goes  out  because  the  heat 
generated  at  the  incandescent  surface  becomes  too  low 
to  raise  the  temperature  of  the  cold  mass  to  the  point 
of  ignition.  If,  however,  the  area  of  the  incandc-^cent 
surface  is  increased,  or  alternatively,  if  the  temperature 
of  the  unburned  mass  becomes  raised  during  the  com- 
bustion process,  combustion  will  proceed. 

Despite  the  fact  therefore  that  the  period  of  burning 
of  the  briquettes  was  longer  than  that  of  the  coal,  their 
combustibility  was  considerably  greater. 

The  fact  is  brought  out  by  a  series  of  comparative 
boiler  trials  made  at  the  South  Wales  School  of  IVIines 
on  raw  coal,  briquettes  made  from  the  same  coal  with 
pitch  as  a  binder,  and  briquettes  from  the  same  coal 
made  without  abinder.  In  a  series  of  preliminary  lab- 
oratory tests  it  was  noticed  that  briquettes  made  without 
a  binder  when  burned  in  a  bomb  calorimeter  burned  with 
a  rapidity  far  greater  than  that  of  either  raw  coal  or 
briquettes  made  with  pitch,  the  period  of  combustion 
being  very  often  30  per  cent  less  than  that  of  coal.  This 
increased  combustibility  is  shown  with  still  greater 
clearness  in  the  series  of  tests  summarized  in  Table  I. 

These  tests  are  imperfect  in  several  respects ;  the 
boiler  efficiency  was  low  (as  would  naturally  be  expected 
in  the  case  of  hand-fired  experimental  boiler  installation) 
and  in  many  respects  they  failed  to  bring  out  to  the  best 
advantage  the  superiority  of  the  briquetted  fuels.  Still 
the  following  points  may  be  noted : 

1.  The  heat  transmitted  per  sq.  ft.  of  heating  sur- 
face per  hour  was  4070,  4039,  and  4650  Btu.  respectively. 

2.  The  weights  of  dried  fuel  burned  per  .sq.  ft.  of 
grate  area  per  hour  were  13.78,  15.05  and  16.4  lbs.,  re- 
spectively. 

3.  The  equivalent  evaporations  per  lb.  of  carbon 
value  from  and  at  212  deg.  F.  were  7.31,  7.31  and  7.35 
lbs.,  respectively. 
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4.  A  constant  draught  of  0.6  in.  was  maintained  m 
each  case,  and  a  uniform  rate  of  feeding  the  coal  was 
adopted  in  each  case.  The  briquettes  made  without  a 
binder,  however,  burned  away  so  quickly  that  with  the 
thin  fires  maintained  it  was  found  very  difficult  to  keep 
the  grate  fully  covered  at  the  end  of  the  charging  period. 
The  efficiency  therefore  was  reduced,  and  a  better  result 
could  have  been  obtained  either  by  reducing  the  draught 
or  by  working  tiie  boiler  at  a  higher  capacity. 

Table  I — Summary  of  comparative  tests  made  at  the 
South  Wales  School  of  Mines. 

Briquettes  Pure 

Fuel                              Raw  coal  made  with  coal 

pitch  briquettes 

Pet.              Pet.  Pet. 
Ultimate  analysis 

Carbon    86.3            82.3  82.1 

Hydrogen     4.3              4.0  4.1 

Ash    4.2             8.30  7.71 

Sulphur    0.9.S            0.98  1.15 

0-:iye«"    J  4.2  4.42  4.94 

Nitrogen    ) 

Moisture  in  coal   0.77             1.6  0.85 

Analysis  of  boiler  ash 

Moisture    2.37           0.23  0.85 

Ash    51.80  63.25  34.25 

Carbonaceous  matter   45.83  36.52  64.9 

Flui>  gas  analysis 

Carbon  dioxide   .' 5.04            5.2  5.9 

Carbon  monoxide  nil               nil  nil 

Oxygen     15.00  15.00  14.5 

Nitrogen 79.96  79.80  79.6 

Heat  transferred  to  water  per  lb. 

of   dried  coal,   Btu 7426  6550.4        6997 

Lower  value. 
Calorific  value  of  dried  coal,  Btu.     14.781  14.182         13,937 

Heat    transmitted    per    sq.    ft.    of 

heating  surface  per  hour 4070  4039  4650 

Weight  of  dried  fuel  fired  per  sq. 

ft.  of  grate  area  per  hour,  lb...       13.78  15.05  16.3 

Equivalent    evaporation    of    water 

from  and  at  212  deg.  F.  per  lb. 

of  dried   fuel,   lb 7.52  6.85  7.25 

Weight  of   feed   from  and  at  212 

deg.  F.  per  sq.  ft.  of  heating  sur- 
face per  hour,  lb 4  225  4.225  4.81 

Equivalent  evaporation  per  lb.   of 

carbon  value  of   fuel,  from  and 

at  212  deg.  F.,  lb 7.31  7.31  7.55 

The  results,  however,  are  sufficient  to  show  that  the 
combustibility  of  briquetted  fuel  increased  with  the  de- 
gree of  fineness  of  the  coal  and  with  the  homogeneity  of 
the  product. 

The  Combustibility  of  Natural  Fuels — Summary. 

In  so  far  as  natural  fuels  are  concerned,  the  conclu- 
sions derived  from  the  preceding  notes  may  be  sum- 
marized as  follows : 

1.  Uniformity  of  size  allows  of  an  increased  quan- 
tity of  fuel  being  burned  per  unit  of  time  per  sq.  ft.  of 
grate  area.  . 

2.  Briquettes  burn  at  a  faster  rate  than  coal  under 
equivalent  conditions. 

3.  Fine  grinding  of  coal  for  bricjuetting  purposes 
increases  the  combustibilit)'  of  the  resulting  product. 

4.  Briquettes  made  without  a  binder  are  more  com- 
bustible than  those  made  with  a  binder. 

It  seems  evident  from  a  consideration  of  the  prop- 
erties of  briquetted  fuel  that  structure  plays  an  important 
part  in  determining  their  combustibility.  The  secondar\ 
reactions  resulting  from  the  presence  of  volatile  matter 
make  it  difficult,  however,  to  determine  the  nature  and 
extent  of  its  influence,  and  definite  conclusions  on  the 
subject  can  only  be  come  to  after    an    examination    of 


luels  which  do  not  contain  any  volatile  matter,  i.  e.,  car- 
bonized fuels. 

Factors  Influencing  the  Combustibility  of 
Carbonized  Fuels. 

.\  ver}'  brief  study  of  carbonized  fuels  is  sufficient 
to  show  that  the  factors  which  determine  their  combusti- 
bility are  more  numerous  and  complex  in  character  than 
is  generally  realized.  The  character  of  the  fuel  car- 
bonized, temperature  of  carbonization,  the  rate  of  car- 
bonization, and  even  the  pressure  under  which  the  heat- 
ing is  elTected,  all  play  a  part  in  determining  the  char- 
acter and  the  combustibility  of  the  resulting  carbonized 
fuel.  The  effect  of  these  various  influences  mav  be  sum- 
marized as  follows :  • 

Influence  of  Character  of  Fuel  Carbonized. 

From  the  point  of  view  of  coke  production,  fuels  can 
be  roughly  classified  as  fusible  and  non-fusible  fuels. 
Fusible  coals  yield  a  coke  which  retains  no  trace  of  the 
shape  and  structure  of  the  original  coal.  Non- fusible 
coals,  on  the  other  hand,  yield  a  coke  which  approxi- 
mates in  shape  to  the  original  coal,  and  retains  to  a  great 
extent  its  structure.  (  Charcoal  can  be  quoted  as  an  ex- 
treme example,  as  it  has  the  cell  structure  of  the  wood 
from  which  it  is  produced.     (See  Figs.  12  and  13.) 

Generally  speaking,  non-fusible  fuels  give  a  more 
combustible  coke  than  do  fusible  fuels  when  carbonized 
under  similar  conditions. 

Influence  of  Conditions  of  Carbonization. 

This,  however,  is  only  a  rough  generalization,  as  con- 
ditions of  carbonization  play  an  extremely  important 
part  in  determining  the  character  of  the  fuel  produced. 
Thus,  to  take  an  extreme  case — by  carbonizing  wood 
under  pressure  a  coke  (not  charcoal)  can  be  obtained 
which  retains  no  vestige  of  the  original  structure  of  the 
wood.  Hut  even  tmder  standard  pressure,  variations  in 
the  conditions  of  carbonization  result  in  remarkable  dif- 
ferences in  the  character  and  combustibilit\'  of  the  coke, 
and  in  this  direction  the  two  most  important  influences 
apart  from  the  type  of  fuel  used  are  the  temperature 
and  period  of  carbonization. 

Effect  of  Temperature  of  Carbonization. 

At  first  sight  temperature  might  seem  to  be  a  factor 
of  supreme  importance  in  so  far  as  the  character  and 
combustibility  of  a  coke  are  concerned.  Low  tempera- 
ture coke  is  much  more  free  burning  than  high  tempera- 
ture coke,  and  it  is  generally  assumed  that  the  combusti- 
bility of  the  former  is  directly  due  to  the  volatile  matter 
left  in  it  by  the  use  of  a  comparatively  low  carbonizing 
temperature. 

A  little  consideration  will  show,  however,  that  tem- 
perature is  really  not  so  important  as  it  is  generally  con- 
sidered to  be.  Cokes  made  at  comparatively  high  tem- 
perature from  splint  or  other  non-fusible  coals  are  com- 
paratively free  burning,  while  the  authors,  by  carbon- 
izing even  fusible  coals  very  slowly  under  suitable  con- 
ditions, have  succeeded  in  obtaining  at  high  tempera- 
tures a  fuel  the  combustibility  of  which  is  equal  to  that 
of  any  fuel  they  ever  tested   (cf.  infra). 

In  the  authors'  opinion,  temperature  plays  onlv  a  sec- 
ondary part.  The  combustibility  of  low  temperature 
coke  is  not  due  to  the  volatile  matter,  but  to  its  struc- 
ture. Many  dry  steam  coals  and  also  anthracites  con- 
tain a  volatile  content  of  the  same  order  as  that  of  low 
temperature  coke,  but  their  combustibility  in  an  open 
grate  is  very  nnich  lower.  .\n  examination  of  low  tem- 
perature coke  shows  that  it  consists    of    a    sponge-like 
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mass  with  relatively  thick  cell  walls.  In  the  process  of 
combustion  the  volatile  matter  in  these  walls  is  expelled. 
No  fusion  occurs,  however,  as  the  fusible  constituents 
have  been  eliminated  in  the  carbonizing  process,  and  the 
expulsion  of  the  volatile  matter  leaves  a  wall  permeated 
with  minute  pores  which  enormously  increase  the  sur- 
face exposed  to  the  oxidizing  gases  and  thus  increase 
the  combustibility. 

In  normal  high  temperature  carbonization  of  a  fusible 
coal  the  resinous  constituents  in  the  coal  melt  below  the 
decomposing  point,  resulting  in  the  formation  of  a  thick 
viscid  m.-'.ss.  As  the  temperature  increases  beyond  the 
decomposition  point,  gas  is  evolved  which  blows  the 
semi-liquid  mass  into  a  series  of  bubbles  which  run  into 
one  another*  and  the  ultimate  result  when  the  coke  is 
"set"  is  the  sponge  structure  referred  to.  A  consider- 
able portion  of  volatile  matter  is  still  left  in  the  cell  walls, 
however,  and  during  the  subsequent  heating  this  has  to 
penetrate  to  a  great  extent  through  a  red  hot  mass  of 
coke,  and  in  its  passage  the  hydrocarbons  become  de- 
composed, resulting  in  the  deposition  of  graphitic  car- 
bon in  the  minute  pores  of  the  cell  walls.  Owing  to  the 
hlling  up  of  these  pores  the  cell  walls  become  more  or 
less  vitrified  and  are  rendered  impermeable  to  gases. 
The  highly  refractory  incombustible  character  of  high 
temperature  coke  is,  in  the  authors'  opinion,  due  to  a 
great  extent  not  to  the  low  percentage  of  volatile  mat- 
ter, but  to  the  non-porous  character  of  the  cell  walls. 

Effect  of  Period  of  Carbonization. 

It  is  well  known  that  the  more  rapidly  a  coal  is  car- 
bonized at  high  temperatures,  the  more  pronounced  is 
the  silvery-gray  graphitic  film  referred  to,  while,  on  the 
other  hand,  if  the  coal  is  only  gradually  heated  to  the 
niaxinuun  temperature  (as,  for  example,  in  a  continu- 
ous vertical  retort)  the  coke  is  less  lustrous  in  appear- 
ance and  more  readily  combustible. 

If  coal  is  uniformly  heated,  as,  for  example,  in  an 
internally  heated  retort,  so  that  the  center  of  the  charge 
is  at  the  same  temperature  as  the  portion  nearest  the 
walls,  the  secondary  products  of  decomposition,  instead 
of  passing  through  a  coked  charge  of  continuously  in- 
creasing temperature  as  in  the  case  of  high  temperature 
carbonization,  pass  through  zones  of  continually  falling 
temperature  and  the  secondary  decom])osition  of  the 
hydrocarbons  on  the  minute  pores  of  the  coked  material 
is  therefore  considerably  reduced.  The  more  slowly  the 
charge  is  carbonized  the  slower  is  the  evolution  of  the 
volatile  matter  and  the  more  easily  can  it  get  away  with- 
out being  "cracked"  or  decomposed  in  its  passage. 

The  ease  of  escape  of  the  volatile  matter  is  a  factor 
of  vital  importance  in  determining  the  combustibility  of 
the  coke.  Slow  carbonization  assists  this  in  two  ways : 
(1)  As  above  by  expelling  the  volatile  matter  so  slowly 
that  it  can  get  away  as  it  is  formed,  and  (2)  by  convert- 
ing a  part  of  the  fusible  material  of  the  coal  substance 
into  an  infusible  material.  This,  of  course,  facilitates 
considerably  the  ready  escape  of  volatile  matter. 

The  following  experiment  illustrates  in  an  interest- 
ing manner  the  effect  of  a  prolonged  carbonizing  period. 
\  finely  ground  coking  coal  was  briquetted  without  a 
binder,  and  the  briquettes  passed  through  an  internally 
heated  retort.  Heating  took  place  so  slowly  that  a  period 
of  72  hours  was  taken  in  bringing  the  charge  to  its 
maximum  temperature  of  1,000  deg.  C.  The  briquettes 
retained  their  shape,  but  contracted  during  the  process 
until  the  coke  had  a  sp.  gr.  of  1.2,  its  structure  consist- 
ing of  a  large  number  of  minute  cells  with  thin  walls. 
The  combustibility  of  this  fuel  was  of  the  same  order 


as  that  of  charcoal.  When  once  thoroughly  ignited,  a 
lump  of  this  fuel  could  be  removed  from  the  fire,  and  if 
protected  from  draughts  would  continue  to  burn  for 
several  hours.  In  one  test  made  a  piece  of  a  size  3  in. 
by  2  in.  by  IJ^  in.  made  red  hot  and  placed  on  a  fire- 
clay slab  away  from  the  fire,  burned  for  over  six  hours 
until  all  that  remained  was  a  small  piece  IxJ^xJ/^  in. 

Influence  of  Preliminary  Treatment  of  Coal. 

A  very  prolonged  carbonizing  period  is,  of  course, 
not  easy  to  reconcile  with  economic  requirements  on  a 
commercial  scale,  but  several  methods  are  available  which 
allow  of  the  ready  escape  of  the  volatile  matter.  It  can 
be  done  by  (1)  blending  coal  with  coke  breeze  (Fig.  2), 
(2)  blending  caking  with  non-caking  coals,  or  (3)  pre- 
heating a  portion  of  the  coal  to  eliminate  the  resinous 
matter  and  mixing  the  resulting  material  in  the  correct 
proportions  with  raw  coal. 

All  three  of  the  above  methods  have  been  used  by 
the  authors  in  their  works  for  several  years,  and  similar 
processes  have  been  worked  out  independently  by  other 
investigators,  more  especially  by  the  Fuel  Research 
Board,  by  Roberts  (Trans.  Inst.  Min.  Eng.,  62,  9),  and 
by  Illingworth   (Proc.  S.  W.  Inst,  of  Engineers,  1921). 

Mr.  E.  V.  Evans  and  his  collaborators  of  the  South 
Metropolitan  Gas  Company  have  also  worked  out  on  a 
small  commercial  scale  a  process  on  similar  lines.  In 
this  process,  ground  coke  breeze  and  a  cheap  coal  are 
mixed  in  such  proportions  that  sufficient  binding  material 
is  subsequently  obtained  from  the  coal.  The  mixture 
is  afterwards  carbonized  at  such  a  temperature  that  a 
compact  mass  results  from  the  shrinkage  that  occurs, 
the  temperature  usually  adopted  being  that  of  waste  fur- 
nace gases — about  500-550  deg.  C.  The  resulting  prod- 
uct is  hard  and  dense.  It  is  an  excellent  smokeless  fuel 
and  is  capable  of  withstanding  the  most  severe  condi- 
tions of  handling  and  transport. 

In  order  primarily  to  meet  the  economic  requirements 
in  large  scale  production  of  smokeless  fuel,  the  authors 
have  developed  a  method  of  prehminary  briquetting  of 
coal  without  a  binder,  and  subsequent  carbonization  of 
the  briquettes.  In  the  case  of  most  British  coals  swell- 
ing of  the  briquettes  during  carbonization  can  be  pre- 
vented by  the  addition  of  20  to  30  per  cent  of  previously 
carbonized  material  to  the  coal,  but  in  the  case  of  a  few 
coals  containing  a  high  proportion  of  resinous  material 
it  has  sometimes  been  found  neces.sary  to  adopt  one  or 
other  of  the  alternative  methods  already  mentioned. 

The  volatile  products  escape  very  readily  from  these 
mixtures  and  the  preliminary  treatment  so  facilitates  the 
evolution  and  escape  of  the  volatile  matter  that  a  hard, 
dense,  smokeless  fuel  can  be  obtained  practicallv  at  any 
temperature  of  carbonization  from  500  deg.  C  tipwards. 
Even  when  made  at  the  usual  gas  retorting  or  coke  oven 
temperatures  the  coke  produced  can  be  ignited  fairly 
readily  and  burns  with  absolute  freedom  in  any  type 
of  grate. 

Influence  of  Structure. 

A  study  of  these  carbonized  briquettes  throws  a  con- 
siderable light  on  the  influence  of  structure  on  the  com- 
bustibility of  carbonized  fuels.  Research  on  this  mat- 
ter is  still  proceeding,  and  up  to  the  present  time  it  has 
not  been  found  possible  to  make  definite  determinations 
of  the  relative  combustibility  of  the  various  types  of 
fuels  that  can  be  obtained  by  these  processes.  Sufticient 
has  been  done,  however,  to  enable  some  of  the  principal 
factors  involved  to  be  determintd,  and  these  can  be 
briefly  outlined  as  follows: 
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Lowtemperature     coke — Fuel     Rosearcli     Station.     Xatural    size 
(Mixture  of  caking  and  non-caking  coals.) 

Fio.   S. 


Bulk  charcoal.    Along  the  grain,  x   5. 
Fio.   12. 


'1 

^^M 

r. 

-'■S 

iSys?-' 
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Gas  coke,   x  5. 
Fio.  9. 


Bulk  charcoal,     .\cr0s3  the  grain,    x    10. 
Fio.   13. 


^Mm^w 


Vertical-retort  gas  coke,    x   7. 
Fio.   10. 


Pure  coal  briquette  coke.    Carl'  iii~  .1    n  000°  C.    Coke  made  froni 
mixture  40%  coking  and  ou'jo  uon-coking  coal.    X    5. 

Fio.   14. 


Blast-furnace  coke. 
Fia.  U. 


Fio.   15. 


(1)  Influence  of  Area  of  Surface — The  area  of  sur- 
face presented  to  the  oxidizing  gases  is,  of  course,  an 
important  factor.  Combustion  can  only  be  maintained 
if  the  area  of  incandescent  surface  exposed  to  the  air  is 
sufficient  to  maintain  the  temperature  of  a  sufficient  mass 


of  the  fuel  above  the  point  of  ignition.  The  area  of  sur- 
face of  blast  furnace  coke,  for  example,  is  much  greater 
than  that  of  a  lump  of  anthracite,  and  the  combustibility 
of  the  coke  is  therefore  greater. 

Generally  speaking,  the  greater  the  area  of  surface 
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of  a  fuel  the  greater  the  combustibility.  Charcoal,  with 
its  highly  developed  cell  structure,  is  a  fuel  possessing  a 
very  considerable  area  of  surface  per  unit  of  mass,  and  is 
characterized  by  a  high  degree  of  combustibility. 

Area  of  surface,  again,  is  closely  connected  with  de- 
gree of  porosity  and  witli  the  character  and  distribution 
of  the  pores. 

(2)  Porosity — The  porosity  of  a  carbonized  fuel 
plays  a  vitally  important  part  in  connection  with  its 
combustibility,  but  here  again  it  is  not  a  qiieslion  so 
nuich  of  the  actual  proportion  of  the  pores  as  of  their 
character.  Very  considerable  differences  exist  between 
the  degrees  of  combustibility  of  fuels  of  equal  porosity, 
and  on  investigation  it  will  be  found  that  it  is  a  question 
not  so  much  of  the  total  air  space  in  a  fuel  as  of  the 
number  of  cells  it  contains,  and  of  the  ways  in  which 
these  cells  are  interconnected. 

In  this  connection  it  is  important  to  consider  the 
])orosity  of  the  cell  walls.  This  factor  is  too  often  over- 
looked, and  the  factor  of  porosity  is  usually  considered 
solely  from  the  point  of  view  of  the  air  spaces  surrounded 
by  the  walls. 

In  discussing  the  combustibility  of  low  temperature 
coke,  the  authors  have  already  touched  upon  this  ques- 
tion. Their  work  leads  them  to  the  conclusion  that  the 
microscopic  pores  in  a  coke — say  from  the  order  of 
1  X  10-^  cm.  diameter  downwards  (c/.  infra) — play  an 
important  part  in  determining  its  combustibility.  It  is 
therefore  important  to  consider  the  character  of  the  cell 
walls  in  investigating  the  question  of  porosity  of  coke. 

(3)  Character  of  Cell  Structure — (a)  Continuity  of 
cell  structure.  The  character  of  the  cell  structure  of  car- 
bonized fuels  was  investigated  by  Thorner.  He  deter- 
mined the  combustibility  of  various  blast  furnace  fuels, 
together  with  their  porosity,  and  investigated  the  char- 
acter of  their  cell  structure  by  the  microscopical  exam- 
ination of  sections  of  the  fuels.  He  found  that  the  fuels 
which  gave  the  best  results  in  a  blast  furnace,  viz.,  char- 
coal and  Meiler  coke,  were  characterized  by  a  high  de- 
gree of  combustibility,  and  consisted,  further,  of  cells 
more  or  less  regularly  arranged,  which  were  joined  to 
one  another  longitudinally.  Furnace  coke,  on  the  other 
hand,  consisted  of  separate  unconnected  cells,  or  groups 
(if  cells,  the  cells  of  which  were  composed  of  a  dense  and 
vitreous  mass  which  did  not  allow  of  the  passage  of  gas 
through  it. 

Carrick  Anderson  (J.,  1896,  20),  as  a  result  of  his 
investigations  into  the  porosity  of  coke,  confirmed  this 
statement,  and  his  work  seemed  to  point  to  the  existence 
of  water-tight  vesicles  in  coke.  Later,  Anderson  and 
Roberts  (J.,  1899.  1102),  in  discussing  the  removal  of 
nitrogen  from  coke  by  steaming,  again  emphasize  the 
fact  that  coke  "is  a  mass  of  cells,  the  walls  of  which  are 
thoroughly  vitrified  and  gas-tight"  and  therefore  steam- 
ing would  not  be  very  efficacious  in  reducing  the  nitro- 
gen in  furnace  coke  as  "except  in  so  far  as  it  burns 
away  the  carbon  of  the  coke,  it  scarcely  comes  in  contact 
with  the  nitrogenous  constituents  of  the  latter,  protected 
as  they  are  by  this  impervious  coating." 

Incidentally,  Reilby  in  the  discussion  on  this  paper 
draws  attention  to  the  ditiferences  in  the  physical  struc- 
ture of  splint,  cannel,  and  coking  coals,  and  to  the  differ- 
ence in  the  carlwnized  products  from  these  coals,  and 
emphasizes  the  effects  of  the  varying  porosity  of  these 
fuels  on  the  distillation  products. 

Taking  a  general  view  of  this  work,  it  might  perhaps 
be  too  much  to  say  that  the  cell  structure  of  blast  fur- 
nace coke  is  discontinuous;  after  all,  the  gases  evolved 


in  the  later  stages  of  distillation  must  get  away,  but  there 
is  reason  to  believe  that  the  cells  are  connected  by  pas- 
sages of  small  diameter  as  com])ared  with  the  diameters 
of  the  cells. 

Further,  there  is  every  reason  to  believe  that  the 
walls  of  these  cells  have  been  rendered  vitreous  and  gas- 
tight  by  carbon  deposition  as  already  stated. 

In  the  case  of  charcoal,  on  the  other  hand,  the  cells 
do  extend  longitudinally  through  the  mass,  while  the 
authors  have  reason  to  believe  that  the  continuity  of  the 
cell  structure  in  fuels  which  have  been  briquetted  prior 
to  carbonization  is  much  more  pronounced  than  in  the 
case  of  blast  furnace  or  other  coke  made  under  normal 
conditions  of  high  temperature  carbonization. 

This  view  is  based  upon  certain  properties  of  these 
fuels  which  are  not  customarily  characteristic  of  high 
temperature  coke,  and  which  may  be  summarized  as 
follows : 

(1)  The  nitrogen  left  in  the  coke  from  these 
briquettes  is  very  much  lower  than  is  the  case  with  coke 
made  in  the  usual  way.  The  following  analyses,  which 
are  typical  of  a  large  number  of  determinations  that  have 
been  made,  bring  this  point  out  very  clearly : 

Mixture  Coke  from 

Raw         of  raw  coal  Coke  from  briquettes 

coal             and  coke  raw  coal  made  from 

breeze  mixture 

Volatile   matter   ....     34.70             28.68  0.80  0.90 

Ash   6.80               8.85  11.65  9.90 

Sulphur    1.64                1.62  1.47  1.66 

Nitrogen    1.38               1.58  1.44  1.02 

Calorific    value    ....     15,500            13..^00  11.950  12,350 

It  will  be  noted  that  although  the  nitrogen  in  the  mix- 
ture of  coal  and  coke  briquetted  is  higher  than  in  the 
raw  coal,  yet  the  nitrogen  in  the  briquetted  coke  is  only 
1.02  per  cent  as  compared  with  1.44  per  cent  in  the  coke 
from  raw  coal.  These  results  can  be  accounted  for  in 
one  or  two  ways,  depending  on  the  method  of  formation 
of  ammonia  in  the  process  of  coal  carbonization. 

The  generally  accepted  idea  of  the  formation  of  am- 
monia in  coal  distillation  is  that  it  is  a  primary  product 
formed  by  the  decomposition  of  the  nitrogenous  matter 
in  the  coal,  and  that  the  extremely  low  percentage  con- 
version is  due  to  the  deconqiosition  of  this  gas  in  its 
])assage  through  the  hot  coke.  There  is  also  another 
]K)ssibiIity,  and  that  is  that  it  is  a  secondary  product, 
due  to  the  action  of  nascent  hydrogen  on  the  solid  nitro- 
genous material.  Probably  both  reactions  take  place, 
the  first  at  a  low  temperature  and  the  second  at  a  high 
temperature,  particularly  above  700  deg.  C,  where  a 
marked  increase  in  the  quantities  of  hydrogen  and  of 
ammonia  takes  place. 

Whatever  the  main  method  of  ammonia  formation, 
whether  it  is  a  primary  or  a  secondary  product,  a  con- 
tinuity of  cell  structure  would  exert  a  favorable  influ- 
ence in  the  following  respects :  ( 1 )  In  the  former  case, 
the  evolution  of  ammonia  would  be  accelerated,  and  de- 
composition retarded  by  the  rapid  escape  of  the  volatile 
l)roducts  from  the  heated  material.  (2)  In  the  latter 
case,  the  nascent  hydrogen  would  come  into  intimate  con- 
tact with  the  nitrogenous  material  left  in  the  porous  solid 
mass,  resulting  in  a  conversion  into  ammonia. 

As  the  result  of  a  detailed  series  of  experiments  in 
another  direction,  the  authors  are  of  opinion  that  above 
700  deg.  C.  the  secondary  formation  is  the  predominant 
reaction,  a  conclusion  which  is  to  some  extent  confirmed 
by  the  above  results. 

(2)  It  has  been  found  that  coke  made  by  the  proces- 


August,  1922 


UeBlasfFumacpSSUPlanf 


435 


ses  described  above  can  be  given  marked  powers  of 
vapor  absorption.  Anti-gas  carbon  can  be  made  by  a 
modification  of  the  above  method  which  is  capable  of 
absorbing  10  per  cent  of  its  weight  of  heavy  vapors. 

A  further  modification  can  be  made  which  has  very 
strongly  pronounced  decolorizing  power,  and  when  the 
high  sp.  gr.  of  the  fuel  is  taken  into  consideration  in 
conjunction  with  the  above  properties  (which  are  pri- 
marily dependent  on  area  of  surface)  there  seems  every 
reason  to  believe  that  the  cell  structure  of  this  material 
posssses  a  greater  continuity  than  that  of  gas  or  furnace 
coke. 

Effect  of  Size  of  Cells. 

The  dimensions  of  the  cells  play  a  considerable  part 
in  the  combustibility  of  a  fuel.  Practically  speaking,  the 
])orosity  of  a  solid  can  be  regarded  from  two  aspects, 
viz.:  (1)  Cell  space  per  unit  volume,  and  (2)  cell  space 
per  unit  mass.  A  coke,  for  example,  may  be  exceedingly 
voluminous,  and  may  contain  a  large  number  of  cells 
per  unit  of  mass,  but  owing  to  its  low  apparent  specific 
gravity  may  contain  only  a  small  number  of  cells  per 
unit  of  volume.  A  coke  of  this  type  is  obtained  by  cus- 
tomary processes  of  low  temperature  carbonization ;  an 
extreme  example  is  shown  in  Fig.  1,  in  which  a  highly 
swollen  coke  is  obtained  with  cells  of  large  dimensions 
surrounded  by  very  thin  walls.  The  surface  presented 
by  such  a  fuel  is  very  considerable,  and  its  combustibility 
might  be  high,  but  on  the  other  hand  it  is  very  fragile 
and  will  not  withstand  severe  conditions  of  handling  and 
transport,  and  of  course  would  be  of  no  use  for  blast 
furnace  conditions. 

The  most  desirable  fuel  would  be  a  fuel  as  dense  as 
possible,  but  containing  a  very  large  number  of  cells  per 
unit  of  mass.  Generally  speaking,  a  fuel  of  apparent 
sp.  gr.  1.2  with  a  porosity  of  50  per  cent  would  be  more 
serviceable  for  general  purposes  than  a  fuel  of  app.  sp. 
gr.  0.8  with  the  same  proportion  of  cell  space.  In  the 
former  case,  the  cells  would  be  exceedingly  small,  but 
the  surface  presented  to  the  oxidizing  gases  would  be  so 
great  that  the  combustibility  would  be  even  greater  than 
in  the  former  case. 

The  advantages  of  minute  cells  have  been  demon- 
strated in  the  following  ways : 

(1)  It  has  been  proved  by  an  extensive  series  of  ex- 
periments that  the  more  finely  ground  the  original  coal 
mixture,  the  denser  and  the  more  combustible  is  the  final 
product. 

The  influence  of  grinding  is  shown  by  some  tests 
made  with  mi.xtures  of  caking  and  non-caking  coals,  sub- 
mitted by  the  Fuel  Research  Board.  These  mixtures  are 
so  adjusted  that  the  briquettes  made  do  not  expand  on 
carbonization.  In  the  case  of  the  raw  mixture  which 
had  been  roughly  crushed  in  a  disintegrator,  the 
briquettes  made  without  a  binder  and  subsequentlv  car- 
bonized presented  the  appearance  of  being  covered  with 
a  mass  of  fairly  large  bubbles,  giving  a  more  or  less 
irregular  appearance  to  the  briquette.  As  the  mixture, 
however,  became  more  and  more  finely  ground  these 
bubbles  became  smaller  and  less  numerous  and  the  sur- 
face became  smoother  and  more  uniform  in  ajiearance. 
.\t  the  same  time  the  app.  sp.  gr.  of  the  carbonized  fuel 
uniformly  increased.  The  sizing  tests  of  the  above  mix- 
tures are  given  below,  together  with  the  apparent  specific 
gravity  Cno  sizing  test  was  made  of  the  raw  material). 

It  is  evident  that  fineness  increased  the  uniformitv 
and  density  of  the  resulting  product,  due  to  the  diminish- 
ing  size   of    the   cells,    and   extensive    experiments   over 


many  years  have  proved  to  the  authors  that  at  the  same 
time  the  combustibility  of  the  fuel  increases. 

Table  II. 

No.  2.  No.  3.  No.  4.  No.  5. 

Pet.  Pet.  Pet.  Pet. 

Remaining   on     20-mesh...       5.82  1.74  1.76  2.38 

RemaininK    on      30-mesh .  .  .      11.37  1.62  0.68  0.32 

Remaining    on      60-mesh...     25.88  19.22  10.13  3  02 

Remaining    on      90-mesh...     22.03  .32.15  .35.22  27.67 

Remaining    on    120-mesh...       7.il  7.43  7.84  10.17 

Remaining    on    180-mesh...       2.2Z  2.51  2  84  4  14 

Through              180-mesh...     25..36  35.33  41.53  52  30 

Apparent    sp.    gr 0.933  1.031  1.034  1.103 

(2)  To  produce  activated  carbon  it  is  necessary  to 
grind  down  to  a  size  comparable  with  that  required  for 
dust  firing.  The  cells  in  the  resulting  fuel  become 
extremely  minute,  as  is  shown  by  Fig.  15.  This  fuel 
is  easily  the  most  combustible  product  produced  bv  the 
authors'  processes.  Incidentally  it  has  recently  been 
shown  by  Harkins  and  Ewing  (J.  Amer.  Chern.  See, 
1921,  43.  1787—1802)  that  pores  of  a  greater  diameter 
than  1.2  X  10-^  cm.  have  no  absorptive  action  on  vapors. 
The  high  absorptive  powers  of  this  carbon  can  only  be 
satisfactorily  accounted  for  by  the  assumption  that  it 
contains  a  large  proportion  of  very  minute  pores. 

( 3 )  The  surface  ofifered  by  a  material  of  this  type 
permeated  by  minute  cells,  is  enormous,  and  would  be 
very  much  greater  than  that  of  a  coke  with  a  compara- 
tively small  number  of  cells  enclosed  by  thick  walls. 

When  heated  in  an  oxidizing  atmosphere  the  points 
of  contact  presented  to  the  action  of  the  oxygen  would 
be  very  nuich  more  numerous  than  in  the  case  of  fur- 
nace coke,  and,  as  has  already  been  shown,  this  material 
continues  to  burn  under  conditions  where  the  radiation 
and  cooling  losses  are  so  considerable  that  ordinary  fur- 
nace or  gas  coke  would  be  extinguished  in  a  few  seconds. 

Combustibility  of  Carbonized  Fuels — Summary. 
To  summarize  the  above  results ; 

By  careful  attention  to  the  structure  of  a  fuel  it  is 
possible  to  produce  at  high  or  low  temperatures  of  car- 
bonization a  fuel  of  high  degree  of  combustibilitv,  high 
degree  of  hardness,  and  high  apparent  sp.  gr. 

The  structure  of  this  fuel  has  the  following  charac- 
teristics:  High  degree  of  porosity.  Considerable  area 
of  surface  per  unit  of  mass.  Pronounced  cell  structure. 
Pronounced  continuity  in  cells.  Large  proportion  of 
minute  cells.     Pronounced  porosity  of  cell  walls. 

The  Blast  Furnace. 

The  third  largest  consumer  of  fuel  in  England  is  the 
blast  furnace.  In  normal  times  the  coke  consumption 
in  this  country  for  the  manufacture  of  pig  iron  amounts 
to  about  12,500,000  tons  per  annum.  The  average  con- 
sumption of  coke  per  ton  of  iron  is  for  the  whole  coun- 
try about  25  cwt.,  and  it  is  a  remarkable  fart  that  this 
figure  is  no  lower,  and  is  probably  a  little  higher  than 
it  was  40  years  ago. 

When  we  consider  the  enormous  progress  that  has 
taken  place  in  other  branches  of  industry  during  this 
period,  and  especially  when  we  realize  the  amount  of  de- 
tailed scientific  work  that  has  been  performed  in  connec- 
tion with  blast  furnace  practice,  and  the  high  degree  of 
scientific  control  that  has  been  introduced,  it  seems  at 
first  sight  difficult  to  understand  why  this  industry  alone 
should  have  marked  time  for  so  long  a  period.  .\  very 
slight  acquaintance  with  the  idiosyncracies  of  the  blast 
furnace,  however,  is  sufficient  to  bring  home  to  the  most 
ardent  economist  some  of  the  difificulties  involved  in  a 
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saving  of  fuel.  Koppeis  in  Iiis  paper  stated  that  "the 
blast  furnace  is  still  a  mystery,  and  even  today  the  blast 
furnace  manager  does  not  manage  the  blast  furnace,  but 
the  blast  furnace  manages  the  manager."  All  tliat  that 
unfortunate  being  wants  is  to  be  left  in  peace,  and  not 
be  bothered  v.ith  anything  that  will  add  to  the  complexi- 
ties he  has  to  face;  and  his  attitude  can  be  readily  urder- 
stood.  He  looks  after  his  plant  with  just  the  same  care 
as  a  chemist  looks  after  a  delicate  quantitative  analysis. 
Every  ounce  of  material  entering  and  leaving  the  fur- 
nace is  carefully  weighed  and  analyzed ;  every  unit  of 
heat  that  enters  or  leaves  is  accounted  for,  and  from  the 
data  supplied  by  his  chemical  staff  the  blast  furnace 
manager  can  draw  up  a  chemical  and  thermal  balance 
sheet  of  a  character  which  is  extremely  difficult  to 
criticize. 

Further,  the  blast  furnace  manager  has  behind  him 
the  monumental  work  of  Sir  I.owthian  L'lcll.  whose  clas- 
sical researches  on  the  chemical  phenomena  of  iron 
smelting  have  dominated  blast  furnace  practice  for  the 
past  50  years.  Bell's  work  drove  home  with  absolute 
and  complete  conclusiveness  that  in  a  blast  furnace  oper- 
ating with  coke  as  a  fuel  the  indirect  reduction  of  the 
Cleveland  ore  ceases  when  the  relative  proportions  of 
CO  and  COo  are  as  2:1. 

Chemically,  it  is  possible  com])letely  to  convert  CO 
and  CO,  by  iron  oxide,  but  at  temperatures  below  480 
deg.  C,  this  operation  proceeds  with  such  extreme  slow- 
ness that  in  a  blast  furnace  "the  action  would  be  de- 
layed until  the  mineral  reached  a  level  in  the  blast  fur- 
nace where  the  heat  would  resolve  anv  COj  into  CO" 
(J.,  1890,  709). 

This  ratio  CO  iCO,  :=  2:1  at  once  fi.xes  the  thermal 
efficiency  of  furnaces  working  Cleveland  ore  at  a  mini- 
nuuu  of  60  per  cent  reckoned  on  the  available  energy  of 
the  coke  charged  into  it,  and  led  Bell  to  state  that  it  was 
"useless  to  hope  to  smelt  a  ton  of  gray  iron  from  Cleve- 
land stone  yielding  41  per  cent  of  pig  iron  metal  with 
anything  notably  under  ZOjA  cwt.  of  coke." 

Assuming  the  ratio  CO  :CO„  =  2:1,  the  chemical 
reactions  in  a  blast  furnace  can  be  represented  by  the 
equation : 

Fe.Oa  -}-  9CO  =  2I-e  +  6CO  +  3CO, 
which  corresponds  to  a  carbon  consumption  of  19.3  cwt. 
per  20  cwt.  of  pig  iron  produced,  a  figure  which,  after 
allowing  for  the  impurities  customarily  present  in  fur- 
nace coke,  agrees  with  Bell's  figure  of  20yi  cwt.  of  coke. 
This  figure  meets  with  both  the  chemical  and  thermal 
requirements  of   the  reaction. 

This  dictum,  supported  by  researches  of  unquestion- 
able accuracy  and  backed  by  nearly  50  years  of  accumu- 
lated experience,  at  once  faces  those  who  venture  to 
suggest  that  a  modern  blast  furnace  is  not  an  industrial 
machine  of  unquestioned  perfection  and  that  there  is 
room  for  effecting  economies  in  its  operation.  And  yet, 
despite  Bell's  researches,  despite  the  lessons  of  British 
experience,  despite  the  failures  that  have  attended  the 
efforts  of  British  fuel  reformers  in  the  past,  the  authors 
^re  still  venturesome  enough  to  suggest  that  the  limit 
of  fuel  economy  in  British  blast  furnace  practice  has  not 
been  reached,  but  that  substantial  economies  are  still 
possible,  and  that  even  Cleveland  ore  will  ultimately  be 
smelted  with  as  low  a  consumption  as  12  cwt.  of  coke 
per  ton  of  pig  iron  produced. 

Fuel  Consumption  in  Blast  Furnace  Practice. 

Ik'forc  proceeding  to  give  reasons  for  this  assertion 
it  might  be  of  interest  to  note  some  figures  of  fuel  con- 
sumption in  blast  furnace  jiractice  that  are  available. 


(1)  Briiish  Practice — Clements  (J.  Iron  and  Steel 
Inst.,  1020,  I.,  125)  gives  a  valuable  sunuuary  of  results 
obtained  in  17  Ihitish  blast  furnaces.  These  results  can 
be  summarized  as  in  Table  V. 

N.  B. — The  low  carbon  consumption  as  compared 
with  coke  is  due  to  the  fact  that  both  moisture  and  ash 
are  included  in  the  weight  of  coke  charged  into  the  blast 
furnace. 

The  differences  in  results  obtained  in  flifferent  dis- 
tricts are  to  some  extent  accounted  for  by  dififerences  in 
the  ore,  but  it  will  be  noted  that  several  instances  exist 
which  show  a  carbon  consumption  below  Bell's  theoreti- 
cal minimum. 

Table  V. 

Coke  consiiinption  Carbon  consumption  £ 

per  ton  of  pig  iron  per  ton  of  pig  iron  « 

District                        in  cwt.                          in  cwt.  E 

Max.     Min.     Avg.  Max.      Min.     Avg.  u, 

Middlesbrough     ..  23.0    21.08    22.3  19.78     18.13     18.77  3 

Midland    31.5    2.S.0S        29  24.88     19.76    23.37  11 

S.    Wales    22          18        20  16.8      15.77     16.19  3 

Turner  ("Metallurgy  of  Iron  and  Steel,"  3rd  Edn., 
p.  205)  quotes  statements  of  S.  Staffordshire  managers 
that  bv  working  with  soft  coke  in  admixture  with  hard 
coke  the  fuel  consumption  was  sometimes  reduced  to 
16 — 17  cwt.  in  furnaces  of  only  moderate  size. 

(2)  American  Practice — Rowland  (J.  Amer.  Inst. 
Min.  Eng.,  Mar.,  1916)  gives  detailed  particulars  of  26 
American  furnaces,  ail  working  with  the  same  kind  of 
ore,  which  showed  very  considerable  differences  in  the 
coke  consumption  per  ton  of  pig  iron  produced,  the 
maximum  being  as  high  as  24  cwt.  of  coke  per  ton  and 
the  lowest  15  cwt.  per  ton,  the  carbon  consumption  being 
20  and  12.6  cwt.  respectively. 

It  is,  therefore,  not  entirely  a  question  of  the  ore 
used. 

(3)  Charcoal  Furnaces — Lastly,  charcoal  furnaces, 
which  are  generally  of  much  smaller  dimensions  than 
coke  furnaces,  show  figures  of  carbon  consumption 
which  are  startlingly  low  as  compared  with  coke  fur- 
naces. Bell  in  fact  quotes  one  case  in  which  the  carbon 
consumption  was  as  low  as  10.58  cwt.  per  ton  of  iron 
produced. 

Combustibility  of  Coke  as  a  Factor  in  Reducing 

Fuel  Consumption. 

The  gap  between  some  of  these  figures  and  the  19.35 
cwt.  which  represents  the  minimum  required  to  satisfy 
Bell's  ideal  is  so  considerable  that  the  question  arises 
whetlicr  some  factor  exists  which  was  not  taken  into 
account  in  Bell's  calculations.  Howland  definitely  states 
that  the  only  method  of  accounting  for  this  considerable 
difference  obtained  in  furnaces  working  the  same  ore  is 
by  assuming  that  the  combustibility  of  the  coke  was  far 
greater  in  the  more  efficient  furnaces  than  in  the  less 
efficient  ones.  This  opinion  is  confirmed  by  the  results 
obtained  in  charcoal  furnaces.  Charcoal  as  a  fuel  is 
far  more  combustible  than  any  type  of  coke,  and  it  is 
significant  that  the  fuel  consumption  in  charcoal  fur- 
naces is  lower  than  anything  which  has  ever  been  ob- 
tained in  coke  furnaces.  The  interesting  South  Staf- 
fordshire results  quoted  also  tend  in  the  same  direction. 

Koppers  considered  this  factor  so  important  that  he 
went  so  far  as  to  advocate  the  use  of  coke  carbonized  at 
a  temperature  below  800  deg.  C,  so  as  to  secure  a  more 
combustible  fuel.  fThe  authors,  while  they  agree  with 
Koppers  as  to  the  necessity  for  a  combustible  coke,  do 
not  consider  the  method  suggested  of  carbonizing  below 
800  deg.  C.  to  be  a  satisfactory  solution.) 
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Calculating  Heat  Losses  in  Furnaces 

A  New  Method  For  the  Determination  of  the  Heat  Losses  Due  To 

Incomplete  Combustion. 

*By  O.  I.  HANSEN,  M.  E.,  Copenhagen,  Denmark 


OUR  investigations  on  furnaces  in  boilers  has  made 
it  evident  that  in  far  more  cases  than  it  is  gen- 
erally expected  unburned  gases  are  present  in  the 
flue.  This  seems  to  be  the  case  both  in  ordinary  steam 
producing  boilers  as  well  as  in  boilers  for  domestic 
heating  purposes  and  even  in  cases  where  the  contents 
of  carbonic  acid  does  not  exceed  8-9  per  cent. 

In  ordinary  furnace  installations  the  unburned  gases 
are  composed  of  carbonic  oxide  alone  or  carbonic  oxide 
mixed  with  hydrogen  or  methyl  hydride  or  both. 
While  the  percentage  of  carbonic  oxide  may  vary  con- 
siderably the  amounts  of  hydrogen  and  methyl  hydride 
always  are  limited  to  quite  small  quantities,  which  are 
rather  difficult  to  examine  directly. 

Drawing  gas  out  of  coal  as  it  is  done  in  ordinary 
gas  retorts  we  get  appro.ximately  5  cubic  feet  gas  per 
one  lb.  of  coal.  As  part  of  this  2.5  cu.  ft.  is  hydrogen 
and  1.6  cu.  ft.  methyl  hydride.  Of  course  the  processes 
occurring  in  a  furnace  is  not  the  same  as  in  a  gas  retort 
but  generally  speaking,  we  are  able  to  treat  both  pro- 
cesses in  the  same  way. 

Provided  we  use  coal  of  12,600  Btu  per  one  lb.  coal, 
heating  value,  a  perfect  combustion  will  require  168 
cubic  feet  of  atmospheric  air  (carbonic  acid  14  per 
cent)  we  conclude  that  the  flue  gas  as  a  maxinunn 
contains : 


2.5 
168 
1.6 
168 


X   100  =  1.48  or  appr.  1.5  per  cent  H^ 


X   100  =  0.96  or  appr.  1.0  per  cent  CH, 


For  just  short  periods  the  amounts  may  be  larger, 
hut  as  a  fair  approximation  for  this  estimate  the  maxi- 
mum quantities  are  1.5  per  cent  H,  and  1.0  per  cent 
CH,. 

We  exclude  from  our  investigations  quantities  of 
heavy  carburetted  hydrogens  fC„Hn,)  which  very 
seldom  are  present  in  the  flue  gas  in  a  larger  percentage 
than  0.1  per  cent,  and  we  are  quite  unable  to  measure 
such  small  quantities,  except  in  laboratories. 


*Translated  and  transcribed  into  .American  Units  for  heat 
and  spare  by  F.  V.  Hangsted,  M.  E. 


It  is  under  ordinary  circumstances  very  difficult 
to  apply  the  results  attained  through  the  analysis  by 
means  of  an  ordinary  Orsats  Apparatus  for  the  de* 
termination  of  the  heat  losses  due  to  incoinplete  com- 
bustion. The  apparatus  is  very  practicable  as  long  as 
it  is  only  used  in  order  to  determine  the  percentage  of 
carbonic  acid,  but  several  difficulties  arise  when  it 
comes  to  the  determination  of  oxygen  and  carbonic 
oxide. 

The  absorption  of  oxygen  in  pyrcdallic  acid  is  gen- 
erally so  slow  and  intricate  that  it  is  unpracticable  for 
ordinary  purposes.  Furthermore  the  amount  of  this 
acid  contained  in  the  ordinary  Orsat  pipette  is  so  small 
and  will  only  allow  for  about  50  analyses,  and  if  kept 
in  the  bottle  the  acid  becomes  impoverished  within 
only  a  few  days. 

The  process  would  be  quicker  by  testing  with 
phosphorus  than  by  testing  with  pyrogallic  acid,  but 
the  determination  of  oxygen  proves  to  be  impracticable 
whenever  the  flue  gas  contains  only  small  quantities  of 
heavy  carburetted  hydrogens  as  the  phosphorus  then 
is  not  so  certain  to  absorb  all  oxygen. 

The  determination  of  carbonic  oxide  is  generally 
done  by  means  of  hydrochloric  or  ammoniacal  solution 
of  cuprous  chloride.  This  way  of  determining  the 
amotmt  of  carbonic  oxide  is  even  more  slow  and  un- 
certain than  the  determination  of  oxygen  because 
cuprous  chloride  absorbs  the  amount  of  oxygen,  which 
eventually  has  not  been  absorbed  by  the  pyrogallic 
acid,  further  does  the  solution  of  cuprous  chloride  ab- 
sorb very  slowly  and  there  is  finally  the  possibility  for 
this  solution  to  give  up  part  of  the  carbonic  oxide  al- 
ready absorbed. 

Besides  carbonic  oxide  the  flue  gas  may  contain 
hydrogen  or  methyl  hydride  as  already  mentioned,  a 
fact,  which  has  not  always  been  the  subject  of  investi- 
gators' attention. 

It  is  of  very  great  importance  to  have  the  sample 
of  flue  gas  at  an  invariable  temperature  throughout  the 
trial,  because  a  deviation  in  temperature  of  only  3  deg. 
Centigrade  will  cause  an  error  in  the  determination 
of  the  volume  amounting  to  one  per  cent  and  the 
amount  of  unburnt  gases  in  the  flue  gas  is  in  many 
cases  even  less  than  one  per  cent. 
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In  order  to  avoid  errors  to  this  effect  the  following 
should  be  observed.  The  apparatus  for  analyzing  the 
flue  gases  should  be  brought  to  the  spot  where  the  trial 
is  to  take  place  about  an  hour  before  the  work  starts 
in  order  to  make  the  temperature  of  the  spot  and  the 
temperature  of  the  apparatus  balance.  After  being 
taken  into  the  apparatus  the  sample  must  be  given 
sufficient  time  to  adopt  the  temperature  of  the  latter. 
Having  observed  this  the  actual  time  for  making  each 
separate  analysis  must  be  as  short  as  possible  in  order 
not  to  allow  for  any  greater  deviation  in  temperature 
during  that  period. 

In  order  to  get  a  quick  result  in  determining  all 
losses  of  heat  due  to  unburned  gases  without  using 
the  troublesome  and  slow  absorption  method,  we  ap- 


Fig.   1. 

plied  a  capillary  tube  made  out  of  platinum  and  burned 
our  sample  of  flue  gas  in  this  after  having  withdrawn 
its  contents  of  carbonic  acid. 

.\fter  a  long  line  of  experiments  we  concluded  in 
the  apparatus  as  shown  below : 

Our  apparatus  is  an  ordinary  Orsat  apparatus  with 
two  absorption  pipettes,  one  (A)  containing  solution 
of  caustic  potash  and  the  other  (B)  water.  The  plat- 
inum capillary  tube  (C)  is  kept  cool  on  part  of  its 
length  through  the  vessel  (D)  containing  water.  A 
gasoline  heating  lamp  is  applied  for  the  heating  of  (C). 
The  application  of  this  apparatus  is  as  follows : 
After  having  drawn  a  sample  of  flue  gas  of  100 
cubic  centimeter  volume  into  the  graduated  measuring 
tube  (G)  we  examine  the  contents  of  carbonic  acid 
through  absorption  in  (A).  After  having  done  this  the 
gas  is  driven  slowly  through  the  capillary  tube  (C), 
which  is  heated,  and  passes  over  into  (B),  where  it  is 
cooled.  When  all  of  our  sample  is  contained  in  (B) 
the  heating  lamp  is  removed  from  (C),  which  cools  of? 
quickly.  The  gas  is  then  driven  back  into  the  gradu- 
ated measuring  tube  (G)  and  we  are  able  to  measure 
any  resultant  contraction.  In  order  to  be  quite  certain 
about  the  result  it  is  recommended  that  this  operation 
be  repeated  for  each  sample.  Then  make  a  determina- 
tion of  the  amount  of  carbonic  acid,  which  has  been 


produced  through  the  combustion  in  the  capillary  tube, 
and  our  analysis  is  finished.  It  is  proved  to  be  possible 
to  make  this  analysis  in  5  or  6  minutes. 

It  is  of  importance  to  heat  the  capillary  tube  to 
a  sufificiently  high  temperature.  The  use  of  an  ordinary 
sfiirit  lamp  has  been  tried  for  this  purpose,  but  though 
carbonic  oxide  and  hydrogen  burned,  methyl  hydride 
in  many  instances  did  not  burn  until  we  applied  a  gaso- 
line heating  lamp. 

In  some  of  our  experiments  we  used  a  50  per  cent 
mixture  of  glycerine  and  water  in  the  pipette  (B)  in 
order  to  avoid  any  absorption  of  carbonic  acid  in  this 
pipette,  but  as  it  proved  to  be  impossible  to  prevent 
small  quantities  of  this  mixture  to  slip  over  into  the 
platinum  capillary  tube  and  develop  a  large  amount  of 
carburctted  hydrogen  during  the  combustion,  we  real- 
ized that  this  mixture  was  unserviceable. 

For  the  following  calculations  we  presume  the  flue 
gasses  composed  as  designated  by  the  following  per- 
centages by  volume: 

CO,  per  cent  oxygen 

Oj      per  cent  carbonic  acid 

CO    per  cent  carbonic  oxide 

Hj     per  cent  hydrogen 

CH4  per  cent  methyl  hydride 

besides  nitrogen  and  water  vapor,  which  is  immaterial 
in  this  estimate. 

We  further  presume  that  after  our  first  absorption 
the  percentage  (cubic  centimeters)  of  carbonic  acid 
measures  CO.,  after  the  combustion  in  the  capillary 
tube  the  contraction  is  c,  and  the  last  determination  of 
carbonic  acid  shows  a  percentage  by  volume  of  co,. 

.\t  the  combustion  in  the  capillary  tube  the  follow- 
ing reactions  took  place: 

For  CO  burned  to  CO, 
CO  -|-    J4  O2  =  CO;,  one  cubic  centimeter  of  CO  re- 
quires ^A  cubic  centimeter  O,  and  produces  one  cubic 
centimeter  CO,,  the  resultant  contraction  is  Yt  cubic 
centimeter. 

For  H.  conil)ining  with  0„  the  reaction  is 
H;  +   >4   O;  =   H,0,  one  cubic  centimeter  H,  com- 
bines with   Y2  cubic  centimeter  O,  and  produces  one 
cubic  centimeter  H.O,  the  resultant  contraction  is  3/2 
cubic  centimeters. 

For  CH4  burned  to  CO.,  and  water  the  reaction  is 
CH,  +  20,  =  CO,  +  2H,0,  one  cubic  centimeter 
CH^  requires  two  cubic  centimeters  0,  and  produces 
one  cubic  centimeter  CO,  and  2  cubic  centimeters 
H.O,  the  resultant  contraction  is  two  cubic  centimeters. 

The  total  cf)ntraction  is  hence: 

(1  )  c  =  J^  CO  +  3/2  H„  -f-  2CH,,  and  the  last 
determination  of  carbonic  acid  shows 

(2)     CO.,  =  CO  -f  CH,. 

c  and  CO.,  are  determined  by  the  analysis,  but  for 
the  determination  of  CO,  H,  and  CH,  we  have  only  two 
equations. 

The  determination  of  the  percentages  of  each  sepa- 
rate gas  would  require  an  examination  of  the  amount 
of  oxygen  consumed  at  the  combustion  in  the  capil- 
larv  tube.  .As  we  do  not  know  the  percentage  amount 
of  oxygen  present  in  the  flue  gases,  this  examination 
would  require  the  removal  of  all  oxygen  and  the  as- 
piration of  a  certain  volume  of  atmospheric  air  before 
we  let  the  sample  pass  through  the  capillary  tube, 
where  the  combustion  takes  place,  after  this  we  would 
have  to  remove  all  oxygen  once  more  and  would  then 
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be  able  to  determine  the  amount  of  oxygen  consumed 
in  the  combustion. 

This  method  however  is  too  intricate  for  ordinary 
purposes  and  the  gain  in  exactness  of  our  final  result 
is  minimal,  partly  due  to  the  fact  that  before  drawing 
in  atmospheric  air  we  would  have  to  discharge  about 
50  per  cent  of  our  sample,  which  means  that  the  in- 
accuracy in  our  observations  would  be  doubled.  We 
therefore  worked  out  a  method  for  the  determination 
of  the  heat  losses  based  on  the  contraction  (c)  and 
the  amount  of  carbonic  acid  produced  during  the  com- 
bustion (cOj). 

The  available  heating  values  per  one  cu.  ft.  of  CO, 
IL  and  CH,  are  as  follows: 

CO,  342.3  Btu 
H„  289.8  Btu 
CH,.    954.2  Btu 

Contemplating  these  figures  and  the  two  equations 
(1)  and  (2)  we  see  that  in  having  determined  certain 
values  of  c  and  co  ,  the  heat  losses  will  reach  a  maxi- 
mum if  the  flue  sjas  contains  only  carbonic  oxide  and 
methyl  hydride  and  no  hydrogen  and  the  heat  losses 
will  reach  a  minimum  in  case  the  flue  gases  contains 
hydrogen  and  carbonic  oxide  and  no  methyl  hydride. 

Taking  each  of  these  two  cases  separately  we  find : 
A\'hen  H,  ^  O  (heat  losses  at  a  maximum) 

c      =  i^  CO  +  2CH, 
CO,  =  CO  -f  CH, 

Or  \\e  may  write 

'CH,  =  1/3  (2c  —  CO,)  1    ,     , 

CO     =  2/3  (2co,  —  c)  /  (  "^ '' 
When  CH4  r=  O  (heat  losses  at  a  minimum) 

c      =  ^  CO  —  3/2  H, 

CO,  =  CO 
Or  we  may  write 

H,    =   1/3  (2c  —  CO,) 

CO  =  CO, 

In  the  following  we  use  the  symbol  w  to  designate 
the  actual  heat  losses,  the  symbol  wcx  to  designate 
the  maximum  and  w/3  the  minimum  heat  losses,  we 
then  find : 

wcc  =  3.42  CO  —9.54  CH, 

Inserting  the  values  of  CO  and  CH,  from  (  oc ) 

(3)  woe  =  4.08  c  —  1.38  CO, 
In  the  same  way  the  minimum 

(4)  W/3  =  1.93  c  +  2.45  co. 

We  then  find  w  as  the  intermediate  between  W  a 
and  w/8 

(5)  w  =  i^  (woe   -f  W/J)  =  1.91  CO,  -f  3.01  c 
In  doing  so  the  error  at  a  maximum  would  be 

(6)  dw„„  =z  1/2  (wcc  —  wjB)  =  0.535  (2c  —  co,) 
The  heat  losses  calculated  per  one  lb.  of  fuel  is 

(7)  W  =  Fw  =  (3.01  c  -f  1.91  CO,) 

Where  F  is  the  cubic  ft.  volume  of  flue  gas  produced 
per  one  lb.  of  fuel. 


}(/8) 


C  —  C 


X 


359.5 


C 


X  29.93 


•CO, 


CO,  — co„  12  CO„ 

Where 

C    is  percentage  by  weight  of  carbon  in  the  fuel 
C  is  percentage  by  weight  of  carbon  in  the  ashes 
CO,  and  CO,  are  percentage  by  volume  of  carbonic 

acid    by    0°     Centigrade    and    atmospheric    pressure 

(29.922"). 


Formular  7  will  give  the  exact  heat  losses  in 
case  the  flue  gas  contains  only  CO  or  CO  mixed  with 
equal  quantities  of  H,  and  CH,.  Our  tests  however 
have  shown  that  in  using  gassy  fuel  we  generally 
find  both  hydrogen  and  methyl  hydride  together  with 
carbonic  oxide,  in  such  cases  where  we  were  able  to 
measure  any  amount  of  unburnt  gases  at  all.  This 
indicates  that  under  ordinary  conditions  the  error  will 
generally  be  much  smaller,  than  the  above  estimated 
maximum  error. 

Using  coke  one  would  be  apt  to  think  that  we 
should  only  find  CO,  and  CO  in  the  flue  gas.  Our 
tests  however  have  shown  the  presence  of  measurable 
quantities  of  f.  inst.  H,  in  furnaces  using  coke.  This 
is  probably  due  to  the  fact  that  the  moisture  does  not 
evaporate  all  at  once  but  part  of  it  is  decomposed  into 
H,  and  O,  or  the  presence  of  H,  may  be  due  to  a 
certain  percentage  of  vapor  in  the  atmospheric  air. 

The  heat  losses  due  to  unburnt  gases  in  furnaces 
using  coke  might  be  estimated  by  means  of  the  same 
formular  (4). 
The  heat  losses  per  1   lb.  of  fuel  is  hence 

(8)     W  =  Fw  =  F  (1.93  c  +  2.45  co,). 

The  validity  of  formular  7  will  be  appreciated 
if  we  compare  its  inaccuracy  with  the  error  in  obser- 
vation on  the  Orsat  apparatus.  An  experienced  man 
will  be  able  to  read  the  volume  with  an  error  not  larger 
than  0.1  cubic  centimeter,  and  if  we  further  take  into 
account  a  small  deviation  in  temperature  we  may  esti- 
mate this  error  to  be  0.2  cubic  centimeter. 
Dififerentiating  7  we  find 

dW  =  F  dw  =  F  (3.01  dc  +  1.91  dco,) 
In  this  equation  dco,  will  not  have  its  maximum  value 
at  the  same  time  as  dc  has  it,  therefore  the  following 
three  cases  should  be  investigated. 

r      0 


dc  =  —  0.2 ; 

dco,  =  <  —  0.2 
I—  0.4 

r—  0.2 
dco,  =    1        0 
1-  0.2 

dc  =  —  0.2 ; 

dc  =           0; 

dco,  =      —  0.4 

The  cases : 

dc  =   ±  0.2; 

dco,  —  0 

will  show  the  biggest  errors,  we  find : 

(9)  dW„,ax  =  3.01  X  0.2  F  =  0.602  F,  Btu  per 
1  lb.  of  fuel. 

Calculating  this  error  as  percentage  of  the  heating 
value  of  the  fuel,  we  find 


dW„ 


100 
B 


0.602  —  100  per  cent. 
B 


From   (6)  we  find 

dW„,ax  =  F  w  =  0.535  (2c  —  CO,)  F, 
and  as  percentage  of  the  heating  value 


dW„ 


100 


=  0.535  (2c  —  co,)  —  100,  per  cent. 


B  "      B 

According  to  these  results  we  are  now  able  to  estimate 
the  proper  limits  for  the  errors  in  each  separate  case. 
We  now  want  to  show  an  example,  presuming  that 
the  flue  gas  is  actually  composed  of 

CO,,  14  per  cent  by  volume 
CO,  2  per  cent  by  volume 
H„  0.4  per  cent  by  volume 
CH4,  0.6  per  cent  by  volume 
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Calculating  the  actual  values  of  c  and  co™ 

c      =  y,  X  2  +  3/2  XOA  +  2  X0.6  =  2.8 

CO,  =  2  -f  0.6  =  2.6 
Then  the  actual  loss  in  heat  will  be 

2  X  3.423  4-  0.4  X  2.898  +  0.6  X  9.542  =13.73  Btu. 
Calculating  the  heat  losses  according  to  5 

w  =  1.91  X  2.6  +  3.01  X  2.8  =  13.39  Btu. 
The  actual  error  in  using  5  is  then 

13.73  —  13.39  =  0.34  Btu. 
Calculating   the    tnaximum    error   according    to   6   we 
find 

dw„„  =  0.535  (2  X  2.8  —  2.6)  =  1.61  Btu. 

The  maximum  error  in  observation  is  as  shown 
above  0.60  Btu  per  one  cubic  ft.  of  flue  gas  or  in  this 
case  just  twice  as  big  as  the  actual  error  in  calculation. 

We  will  now  estimate  the  error  as  a  percentage  by 
the  heating  value  of  the  fuel. 

Using  coal  with  a  heating  value  12,600  Btu  and  192 
cu.  ft.  of  flue  gas  per  one  lb.  of  coal,  then  the  actual 
heat  losses  will  be : 
Using  the  figures  from  the  example  above 

192 

13.73 100  =  21  per  cent  of  the  heating  value 

12.600 
of  the  coal. 
Inserting   the   result   attained    by   5   in    the   same   way 

192 

13.39  100   =   20.5  per   cent  of   the   heating 

12,600 
value  of  the  coal. 
The  maximum  error  in  calculation  is 

192 

1.61  100  =  2.46  per  cent. 

12,600 

But   the  actual  error  in  calculation  is  only 


192 

0.,U  100 


0.50  per  cent. 


12,600 

.\nd  the  maximum  error  in  observation  is 
192 


0.60 


100  =  0.92  per  cent. 


12,600 

The  error  in  calculation  will  onlv  reach  the  above 
estimated  maximum  value  in  case  the  flue  gases  be- 
sides carbonic  oxide  contain  either  methyl  hydride 
alone  or  hydrogen  alone.  But  our  investigations  have 
proved  as  already  mentioned,  the  assumption  that  car- 
bonic oxide  is  present  either  alone  or  together  with 
both  methyl  hydride  and  hydrogen  in  flue  gases  from 
gassy  fuel.  This  indicates  that  in  most  cases  the 
actual  error  in  calculating  according  to  the  above  given 
method  is  less  than  0.5  per  cent  of  the  available  heat- 
ing value  of  the  applied  fuel  and  generally  even  smaller 
than  the  probable  error  in  observation. 

In  case  the  flue  gases  have  a  high  percentage  of 
carbonic  acid  along  with  a  measurable  amount  of  un- 
burnt  gases  it  is  quite  probable  that  the  oxygen  pres- 
ent in  our  sample  will  not  be  large  enough  to  accom- 
plish a  perfect  combustion  in  the  capillary  tube.  We 
would  then  have  to  take  a  certain  amount  of  atmos- 
pheric air  into  the  apparatus,  which  again  may  require 
the  discharge  of  a  certain  part  of  the  sample  in  order 
to  make  room  for  the  air. 

For  instance  if  the  fuel  is  composed  as  follows : 
Percentage  by  weight  of  carbon  76 

Percentage  by  weight  of  oxygen  8 

Percentage  by  weight  of  hydrogen  5 


Am!  the  flue  gas  is  composed  as  follows: 
Percentage  by  volume  of  CO,,        15 
Percentage  by  volume  of  CO,  3 

Percentage  by  volume  of  CH„         0.5 
Percentage  by  volume  of  H,,  0.5 

Then  the  amount  of  O,  will  be: 

O..  =  20.9  —  CO..  X  1.125  —  CO  X  0.73  +  CH,  X 
"  0.457  -f  H,  X  0.187, 
inserting  the  values  of  CO,,  CO  a.  s.  f. 

0=  20.9  —  15  X  1.125  —  3  X  0.73  +  0.5  X  0.457 

+  0.5  X  0.187 
O,  =  2.13  cubic  centimeter. 

Contemplating   the   reactions   during   the   combus- 
tion in   the   capillary   tube  as  already   mentioned,   we 
are  able  to  calculate  the  amount  of  oxygen  necessary 
for  each  reaction,  we  find : 
3      cubic  centimeter  of  CO 

requires  0.5  X  3.0  =  1.5    cu.  centimeter  Oj 
0.5  cubic  centimeter  of  CH^ 

requires  2.0  X  0.5  =  1.0    cu.  centimeter  Oj 
0.5  cubic  centimeter  of  H, 

requires  0.5  X  0.5  =  0.25  cu.  centimeter  O, 
After  having  absorbed  the  percentage  of  CO,  (15  per 
cent)  we  are  able  to  take  into  the  apparatus 

,c     20.0  ,,,       ^. 

15  •  ^  J.lJ  cubic  centimeter  oxygen 

100 
for  the  combustion  then  is  available 

3.13  -|-  2.1,3  =  5.26  cubic  centimeter  oxygen,  which 
is  ample  in  this  case,  as  only  2.75  cubic  centimeter  is 
required. 

In  order  to  give  a  final  conclusion  of  what  our  in- 
vestigations as  described  in  this  article  have  accom- 
plished, we  may  say:  It  is  possible  to  make  a  calcu- 
lation of  the  heat  losses  due  to  the  presence  of  unburnt 
gases  in  the  flue,  which  is  exact  enough  for  ordinary 
purposes.  This  calculation  leads  to  a  determination 
of  the  heat  losses,  which  gives  a  far  more  exact  re- 
sult than  the  methods  formerly  used.  These  methods 
did  not  generally  indicate  but  the  percentage  of  car- 
bonic oxide  and  the  exactness  was  even  very  doubtful. 

As  long  as  our  investigations  are  only  made  in  order 
to  determine  the  quality  of  the  combustion  in  the  fur- 
nace and  not  for  the  purpose  of  examining  the  evapor- 
ation, our  device  is  very  practicable,  because  withm  a 
few  minutes  it  determines  whether  or  not  any  unburnt 
gases  are  present  in  the  flue  gas,  and  the  apparatus 
is  always  ready  for  use,  this  is  a  great  advantage  com- 
pared with  the  ordinary  Orsats  apparatus  containing 
pyrogallic  acid  and  cuprous  chloride  as  these  solutions 
must  be  renewed  quite  frequently. 

Among  those  numerous  cases  in  which  our  method 
has  proved  to  be  very  advantageous  its  application  on 
continuous  running  furnaces  in  boilers  for  domestic 
heating  has  been  especially  successful.  Once  running, 
it  is  very  difficult  in  some  cases  even  impossible  to  de- 
termine directly  the  amount  of  heat  used  efficiently  in 
these  furnaces.  The  determination  of  the  efficiency  in 
such  cases  can  be  made  indirectly  through  a  deduction 
of  all  heat  losses  from  the  amount  of  heat  actually  pro- 
duced by  a  perfect  combustion  of  the  fuel.  It  is  there- 
fore of  great  importance  to  be  able  to  determine  all 
heat  losses  with  the  largest  possible  exactness,  and  as 
to  the  Ijeat  losses  due  to  incomplete  combustion  this 
can  be  accomplished  through  the  method  described  in 
this  article. 
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Pulverized  Coal  in  the  Steel  Plant 

Application  of  Pulverized  Fuel  to  Open  Hearths,  Soaking  Pits, 
Heating  Furnaces,  Sheet  and  Pair  Furnaces  and  Some  of  the 
Results  Obtained. 

By  W.  H.  SEARIGHT 


POWDERED  coal  has  made  such  rapid  strides  in  the 
last  few  years  that  it  must  be  taken  into  account 
not  only  for  the  generation  of  steam  in  power  plants, 
but  also  for  its  varied  uses  in  the  steel  industry. 

This  form  of  fuel  has  been  tried  in  the  following 
types  of  steel  mill  furnaces :  open  hearth,  soaking  pits, 
heating  furnaces,  sheet  and  pair  furnaces,  annealing  fur- 
naces, and  several  other  types  found  in  some  mills. 

From  the  foregoing  list  it  can  be  readily  seen  that 
a  thorough  study  of  the  combustion  of  coal  should  be 
made,  as  greater  economies  can  be  effected  when  the 
laws  that  govern  this  method  of  firing  are  known.  The 
burning  of  coal  is  similar  to  that  of  oil  or  gas,  and  the 
greater  the  degree  of  pulverization  (and  this  is  especially 
true  of  low  ash  coals)  the  more  nearly  the  combustion 
approximates  liquid  and  gaseous   fuels. 

Two  important  characteristics  of  the  fuel  to  be 
burned  must  be  taken  into  account,  the  volatile  content 
of  the  coal  and  the  ash  content.  In  the  proper  design- 
ing of  combustion  chambers,  these  items  receive  first  con- 
sideration. 

It  is  not  necessary  for  coals  to  be  high  in  volatiles 
and  low  in  ash.  Anthracite  culm,  which  is  naturally  low- 
in  volatiles  and  extremely  high  in  ash,  can  be  readily 
burned.  Even  Rhode  Island  anthracite,  when  pulverized 
and  used  for  the  generation  of  steam,  exceeds  all  ex- 
pectations. 

Open  Hearth  Furnaces. 

The  progress  made  by  powdered  coal  in  its  applica- 
tion to  the  open  hearth  furnace  has  been  slow  when 
compared  to  its  progress  in  other  directions.  The  princi- 
pal reason  for  this  condition  can  be  traced  directly  to 
the  lack  of  interest  shown  by  the  majority  of  furnace 
operators  who  are  ignorant  of  the  proper  methods  of 
firing  when  powdered  coal  is  used.  Nearly  every  fail- 
ure in  open  hearth  furnaces  has  been  due  to  extreme 
temperatures  burning  out  the  roof,  side  walls  and  end 
walls.  Therefore  it  remains  for  the  fuel  to  be  properly 
controlled  as  gas  and  oil  are.  Besides  this,  another  seri- 
ous objection  to  the  use  of  powdered  coal  in  this  type  of 
furnace  confronts  us. 

In  order  that  the  large  amount  of  dust  which  is  car- 
ried into  the  slag  chamber  be  removed,  the  furnace  must 
be  built  in  such  a  way  as  to  accomplish  this  removal 
quickly  and  easily.  It  is  also  well  to  provide  for  extra 
large  flue  areas  in  the  checker  work.  The  operator  does 
not  like  to  see  his  furnace  undergo  such  radical  changes 
as  he  invariably  expects  to  have  trouble  getting  out  his 
heats  with  powdered  coal.  This  pessimistic  attitude  is 
due  largely  to  his  unfamiliarity  with  this  form  of  fuel. 

However,  some  open  hearth  furnaces  have  been  fired 
with  powdered  coal  successfully.  In  one  of  these  cases 
the  average  fuel  consumption  based  on  several  months' 


run  was  approximately  500  pounds  per  ton  with  all 
metal  charged  cold.  Another  record  run  over  a  period 
of  one  month  was  a  production  of  3,300  tons  of  ingots 
with  a  fuel  consumption  averaging  441  pounds  per  ton 
of  metal  and  a  maximum  fuel  consumption  of  700  pounds 
per  ton.  The  melting  loss  of  the  above  run  was  from  8 
per  cent  to  10  per  cent. 

Powdered  coal  shows  a  distinct  advantage  over  pro- 
ducer gas  fired  furnaces  as  to  fuel  consumption,  a  good 
average  for  a  producer  fired  furnace  being  the  equiva- 
lent of  600  pounds  of  coal. 

Soaking  Pits. 

Powdered  coal  has  been  used  in  the  operation  of 
soaking  pit  furnaces.  These  pits  are  of  the  non-regenera- 
tive type  having  a  capacity  of  260  tons  per  day  charg- 
ing 300-pound  ingots.  When  the  ingots  are  charged  cold, 
which  is  usually  the  case,  the  fuel  consumption  approxi- 
mates that  of  a  reheating  furnace  of  the  non-continuous 
type. 

Heating  Furnaces. 

Because  of  the  problem  of  ash  disposition  on  entirely 
satisfactory  type  of  continuous  heating  furnace  has  been 
designed.  Furnaces  of  the  continuous  billet  type  now 
using  powdered  coal  have  been  built  for  some  other 
method  of  firing.  Nearly  all  have  short  combustion 
chambers  which  allow  only  a  small  percentage  of  ash 
to  be  precipitated  in  molten  form,  the  balance  being  car- 
ried along  in  the  flue  gases.  As  the  velocity  of  the  gases 
decreases  the  majority  of  the  ash  is  deposited  through- 
out the  length  of  the  furnace  and  the  flues  in  the  form 
of  dust. 

In  furnaces  used  for  heating  short  billets  the  accu- 
mulation of  dust  and  slag  is  objectionable.  The  labor 
which  this  entails  would  frequently  ofTset  some  of  the 
advantages  of  coal  in  the  powdered  form.  However, 
when  slabs  occupy  the  entire  width  of  the  furnace  the 
accumulation  does  not  become  so  troublesome. 

Varying  results  in  fuel  consumption  have  been  ob- 
tained from  different  types  of  continuous  furnaces.  The 
range  is  from  90  pounds  to  190  pounds  of  coal  per  ton 
of  billets.  The  low  figure  was  obtained  by  charging  bil- 
lets at  1,000  deg.  F.,  but  an  average  fuel  consumption 
of  150  pounds  per  ton  was  made  with  a  good  grade  of 
coal  in  a  furnace  designed  for  gas  firing. 

There  are  a  large  number  of  heating  furnaces  of 
the  "in  and  out"  type  in  operation,  using  pulverized  coal 
as  fuel.  Although  the  dust  from  the  ash  has  been 
■  troublesome  at  times,  operators  are  most  enthusiastic 
over  the  results  obtained  as  compared  with  hand  firing. 
In  furnaces  of  this  type  one  of  the  great  economies 
effected  by  the  use  of  powdered  coal  is  the  reduction  of 
oxidation  losses.  When  steel  prices  were  at  the  peak, 
the  saving  at  a  plant  operating  a   heating   furnace   for 
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rerolling  scrap  was  several  thousand  dollars  in  oxida- 
tion losses  alone.  The  cost  of  pulverizing  coal  at  this 
plant  was  abnornially  high  because  of  the  small  output 
used.  Nevertheless  the  statement  was  made  that  no 
other  method  of  firing  would  he  considered,  even  though 
the  cost  of  pulverizing  was  doubled.  The  savings  in  fuel 
after  deducting  the  cost  of  pulverizing  (all  items  includ- 
ing overhead  taUen  into  account)  gave  a  good  return 
on  the  investment ;  and  when  the  savings  from  reduc- 
tion of  oxidation  losses  were  added,  the  result  was  ex- 
ceptional. A  waste  heat  boiler  was  used  in  conjunction 
with  this  furnace.  In  general  terms,  a  reduction  of  ap- 
proximately 75  per  cent  is  made  in  oxidation  losses  with 
powdered  coal  firing. 

Sheet  and  Pair  Furnaces. 

The  sheet  mill  industry  has  recognized  the  many 
operating  advantages  of  powdered  coal.  It  was  first 
adapted  to  furnaces  designed  for  hand  firing  and  the 
results  were  very  unsatisfactory.  Even  with  coal  of 
low  ash  content,  a  large  amount  of  dust  was  carried  into 
the  heating  chamber,  settled  on  the  sheets  and  was 
rolled  into  their  surface,  spoiling  them  and  ruining  the 
rolls.  In  some  cases  it  was  necessary  to  sweep  the 
ash  from  the  sheets  upon  their  removal  from  the  fur- 
nace. Even  this  method,  however,  did  not  take  care  of 
the  ash  that  settled  between  the  sheets  when  they  stood 
against  the  wall. 

The  adoption  of  a  large  combustion  chamber  not  onlv 
made  possible  the  proper  combustion  of  fuel,  but  made 
allowance  for  the  expansion  of  the  gases  and  the  pre- 
cipitation of  the  ash  before  it  reached  the  working 
chamber,  thus  reducing  the  number  of  sheets  spoiled  by 
settling  of  the  ash. 

The  use  of  the  individual  powdered  coal  bin,  with  its 
own  coal  feeders,  burners  and  blower  for  each  unit  of 
one  sheet  and  one  pair  furnace,  gaves  a  greater  flexi- 
bility of  control  and  reduces  the  chances  of  shutdown 
as  far  as  fuel  is  concerned. 

The  fuel  consumed  in  sheet  and  pair  furnaces  will 
run  from  26  pounds  to  325  pounds  per  ton  of  sheets  pro- 
duced. Furnaces  making  high  grade  sheets  over  a  period 
of  several  months  average  about  ,300  pounds  of  coal  per 
ton  of  sheets. 

Annealing  Furnaces. 

Powdered  coal  has  been  applied  only  to  .sheet  and 
tin  plate  annealing  furnaces  of  the  "in  and  out"  tvpe. 
In  its  earlv  application  the  design  of  the  furnace  then 
in  use  decided  the  location  of  the  burner,  as  well  as  the 
size  of  the  combustion  chamber.  When  new  sheet  mills 
were  built  with  the  intention  of  utilizing  powdered  coal, 
the  proper  design  and  construction  of  combustion  cham- 
bers was  possible.  Each  chamber  is  served,  generallv, 
by  separate  equipment,  thus  enabling  a  more  accurate 
control  of  flame  and  temperature.  The  size  of  the  fur- 
nage,  the  amount  charged  and  the  quality  of  the  sheets 
produced  are  some  of  the  determining  factors  of  fuel 
consumption,  which  varies  from  150  pounds  to  400 
pounds  per  ton  of  sheets. 

Conclusion. 

The  foregoing  facts  give  a  brief  outline  of  the  re- 
sults that  can  he  expected  by  the  adoption  of  powdered 
coal.  The  advantage  derived  from  this  type  of  fuel  is 
largely  a  reduction  in  coal  consumption,  although  all 
other  factors  must  be  given  fair  considered. 


DISINTEGRATION  OF  BLAST  FURNACE 

LININGS 

By  L.  O.  Brightbill 

1  )i.sinte},n-ati()ii  uf  lila.st  furnace  linings  has  been  a 
jirolilcm  i)f  iiuR-li  worry  to  m.'iny  furnace  superin- 
tendents. 

.^ome  time  while  using  the  same  material,  one  blast 
will  he  of  long  duration  and  then  again  very  short. 

This  is  blamed  sometimes  on  the  mason  work  :  other 
times  on  the  quality  of  brick.  But  personally  1  believe 
that  most  of  this  is  due  to  the  blowing  in. 

1  ha\c  in  mind  a  furnace  that  was  started  off  at  a 
rajjid  gate.  Within  a  few  weeks  the  walls  were  prac- 
tically useless,  .\gain  the  blast  ate  out  the  lining,  so 
now  I  consider  a  h;ippy  medium  between  the  two  to 
be  the  liest. 

One  furnace  mider  my  charge  ran  sixteen  years 
with  the  same  lining.  This  furnace  used  a  very  high 
zinc  ore.  Being  a  small  furnace  and  working  cool 
stock  line  the  "oxide  zinc"  formed  a  coating  on  the 
walls,  which  was  a  protection  to  the  walls,  .\fter  this 
same  furnace  had  been  enlarged,  the  zinc  worked  ex- 
actly o|)]H)site,  hel])ing  to  cause  a  disintegration  of 
the  lining,  lodging  in  downcomers  and  flues. 

.Some  times  the  furnaces  will  scaffold  on  one  side, 
causing  the  l)last  to  go  up  the  opposite  side,  making  it 
wear  out  in  a  Acry  short  time. 

I  have  noted  particularly  when  the  stock  is  good 
and  dry  that  is  used  in  blowing  in  a  furnace,  I  have  in- 
variably had  good  success  with  the  entire  blast.  But 
when  the  ore  is  wet,  causing  it  to  cake  on  the  wall,  in 
blowing  in  I  have  had  more  or  less  trouble  with  that 
blast,  the  lining  lasting  only  a  short  while. 


UNIVERSITY  OFFERS  COURSE  IN  METAL 
MARKETING 

To  acc|uaint  students  with  the  fundamental  facts 
underlying  the  minerals  and  raw  materials  situation 
the  school  of  commerce,  accounts  and  finance  of  \ew 
York  university.  New  York,  has  scheduled  a  course  for 
the  coming  school  year  which  will  deal  with  this  sub- 
ject. The  character  and  source  of  supply,  the  methods 
and  cost  of  prejiaring  materials  for  market  and  their 
relation  to  other  lines  of  business  are  general  topics 
to  be  gi\en  consideration.  Dr.  Ernest  Lilley,  geologist 
and  mining  engineer,  is  to  be  the  lecturer. 

.Some  of  the  discussions  which  will  be  of  interest 
to  the  iron  and  steel  industry  will  be  the  character  of 
coal  reserves  and  resources,  proI:)Iems  of  the  .Vmerican 
coal,  coke  and  coal  tar  industries  and  the  water  and 
super  power  systems.  During  the  spring  term  which 
will  be  devoted  to  the  commercial  geology  of  the  metals 
the  class  will  consider,  under  the  iron  group,  the  min- 
ing and  preparation  of  iron  and  steel,  world  problems 
in  iron  ore  conservation  and  utilization,  the  major  and 
minor  alloy  bases.  Flux  materials,  refractories  and 
insulators  and  abrasives  will  occu])y  the  attention  of 
the  process  materials  section.  One  of  the  last  groups 
will  take  up  the  nonferrous  metals  from  the  standpoint 
of  the  American  copper  industrj-,  problems  of  the  lead 
and  zinc  industries,  major  imported  metals  as  tin  and 
nickel  and  the  minor  metals. 

The  course  is  divided  into  two  sections,  one  being 
a  fall  and  the  other  a  spring  term.  Classes  are  to  be 
held  at  the  ^^'ashington  square  division  of  the  uni- 
versity. 
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NE^VS     OF    THE     PLANTS 


The  Maryland  Steel  Rolling  Company,  Baltimore,  Md.,  has 
acquired  the  plant  and  business  of  the  Trenton  Steel  &  Wire 
Company,  Mackenzie  Street  and  Inghan  Avenue,  Trenton,  N. 
J.,  for  a  consideration  said  to  be  about  $150,000.  The  company 
will  be  merged  with  the  parent  organization,  and  raw  material 
including  hot  rolled  strip  will  be  furnished  in  the  future  from 
the  Baltimore  plant.  Plans  are  under  way  to  increase  the  capa- 
city of  the  last  noted  mill,  and  16  new  rolling  machines  with 
auxiliary  equipment  will  be  installed.  This  will  give  the  Balti- 
more works  an  annual  output  of  approximately  20,000  tons.  It 
is  also  planned  to  increase  the  capacity  of  the  Trenton  works  in 
the  future,  and  it  is  expected  that  certain  operations  now  being 
carried  out  at  the  Baltimore  plant  will  be  removed  to  the  new 
location  at  Trenton.  James  Robinson,  at  one  time  president  of 
the  Keystone  Rolling  Mill  Company,  Pittsburgh,  Pa.,  has  been 
appointed  general  manager  of  the  Trenton  plant.  Stanton 
Haines,  formerly  manager  of  the  Trenton  Steel  &  Wire  Com- 
pany, will  be  mill  superintendent.  Rubin  S  Baldwin,  manager 
of  the  Maryland  Steel  Rolling  Company,  will  have  supervision 
over  the  Trenton  works. 

The  Brown  Steel  Company,  480  Neilston  Street,  Columbus, 
Ohio,  manufacturers  of  steel  products,  will  soon  commence  the 
construction  of  a  new  plant  addition,  adjacent  to  its  present 
works.  The  structure  will  be  one-story,  275x305  feet,  and 
equipped  for  general  steel  working.  It  is  estimated  to  cost 
about  $150,000,  including  equipment.  Charles  W.  Brown  is 
general   manager. 

Horace  T.  Potts  &  Company,  316  North  Third  Street,  Phila- 
delphia, Pa.,  manufacturers  of  iron  and  steel  products,  will 
break  ground  at  once  for  the  erection  of  a  new  plant  on  prop- 
erty recently  acquired  on  East  Erie  Avenue,  extending  from  D 
to  F  Streets.  The  works  will  comprise  a  number  of  one-story 
buildings,  with  two  main  structures,  120x192  feet,  and  75x370 
feet,  respectively,  to  be  equipped  with  punches,  shears,  saws  and 
general  iron-working  machinery,  as  well  as  traveling  cranes  and 
other  handling  equipment.  The  new  plant  will  cost  about 
$500,000. 

The  Washington  Iron  Works,  Inc.,  Seattle  Boulevard  and 
Norman  Street,  Seattle,  Wash.,  has  plans  under  way  for  the 
construction  of  a  large  addition  to  its  plant,  to  comprise  a 
number  of  buildings,  averaging  from  50x100  feet  to  130.x450  feet, 
ecjuipped  for  general  iron  working.  The  new  plant  is  estimated 
to  cost  in  excess  of  $500,000,  and  construction  will  be  com- 
menced at  an  early  date.     Gerald  Fink  is  president. 

The  Palmer  Steel  Company.  316  High  Street,  Holyoke, 
Mass.,  recently  organized  to  inanufacture  iron  and  steel  prod- 
ucts, has  awarded  a  building  contract  and  will  commence  the 
immediate  erection  of  the  initial  unit  of  its  proposed  new  plant 
on  property  lately  acquired  at  Williamsett.  It  will  be  about 
70x330  feet,  equipped  for  steel  fabricating  and  other  work,  and 
is  estimated  to  cost  about  $75,000.  Earl  Palmer  is  president, 
and  Wayne  F.   Palmer  treasurer. 

The  National  Enameling  &  Stamping  Company,  411  Fifth 
.\vfnue.  New  York,  N.  Y.,  has  plans  in  progress  for  the  con- 
struction of  a  large  addition  to  its  steel  mill  at  Granite  City, 
111.  The  work  will  consist  of  six  black  steel  sheet  mills,  gal- 
vanizing sheet  mill,  and  a  72-inch  jobbing  mill,  designed  to  pro- 
vide for  an  additional  output  of  about  5,000  tons  of  sheet  steel 
per  month.  The  plant  will  give  employment  to  about  700  addi- 
tional operatives,  and  it  is  expected  to  cost  close  to  $100,000. 
George  W.  Niedringhaus  is  president. 


The  Youngstown  Steel  Company,  Youngstown,  Ohio,  will 
soon  break  ground  for  the  construction  of  a  new  mechanically 
operated  puddling  plant,  estimated  to  cost  approximately  $1,500,- 
000,  including  equipment.  The  new  mill  will  be  designed  to 
operate  under  a  special  process,  whereby  considerable  mechani- 
cal labor  will  be  eliminated.  It  will  give  employment  to  about 
200  men.  The  company  also  has  preliminary  plans  under  con- 
sideration for  the  construction  of  a  new  blast  furnace  with 
capacity  of  about  500  tons.  The  expansion  plans  provide  for  ex- 
tensive increase  in  operations  at  the  company's  works  at  War- 
ren, Ohio.     H.  Z.  Bixler  is  company  engineer  in  charge. 

The  Chapman-Price  Steel  Company,  Shelby  Street,  Indian- 
apolis, Ind.,  is  having  plans  prepared  for  the  construction  of  a 
large  addition  to  its  local  mill  for  extensive  increase  in  capa- 
city. The  project  will  include  a  number  of  one-story  buildings 
for  difTerqnt  features  of  steel  manufacture,  and  is  estimated 
to  cost  approximately  $500,000,  including  machinery.  Bids  for 
the  work  will  be  called  in  the  near  future.  Niles  Chapman  is 
president. 

The  Elliott-Blair  Steel  Company,  Taylor  and  Mercer  Streets, 
New  Castle,  Pa.,  has  plans  in  progress  for  the  construction  of 
a  new  plant  to  cost  approximately  $250,000,  including  equipment. 
The  works  will  comprise  a  number  of  one-story  buildings,  with 
installation  to  include  two  12-inch  rolling  mills,  and  auxiliary 
apparatus.  A  large  part  of  the  plant  will  be  given  over  to  the 
manufacture  of  cold  steel  specialties,  and  all  equipment  will  be 
electrically   operated. 

The  Tennessee  Coal,  Iron  &  Railroad  Company,  Birming- 
ham, Ala.,  has  plans  in  progress  for  the  construction  of  a  one- 
story  addition  to  its  plant  at  Fairfield,  Ala.  The  company  is 
also  planning  for  the  remodeling  of  a  portion  of  its  works  at 
Ensley,  Ala.  The  projects  are  estimated  to  cost  in  excess  of 
$100,000. 

The  Herzog  Iron  Works,  East  Seventh  and  Cypress  Streets, 
St.  Paul,  Minn.,  has  plans  under  way  for  the  rebuilding  of  a 
portion  of  its  plant,  recently  destroyed  by  fire,  with  loss  esti- 
mated at  close  to  $40,000,   including  equipment. 

The  St.  Louis  Wire  &  Iron  Company,  926-28  Chouteau 
Street,  St.  Louis,  Mo.,  has  taken  bids  and  will  soon  break  ground 
for  the  construction  of  an  addition  to  its  plant  for  increased 
production.  It  will  be  two-story  and  basement,  50x140  feet,  and 
is  estimated  to  cost  close  to  $40,000,  including  machinery.  Theo- 
dore R.  Fiesler  is  president. 

The  Penn  Seaboard  Steel  Corporation,  Philadelphia,  Pa.,  is 
arranging  for  immediate  increased  operations  at  the  plant  of 
the  Carpenter  Steel  Company,  Reading,  Pa.,  recently  acquired. 
The  works  will  be  placed  on  a  basis  of  close  to  50  per  cent  of 
normal,   with   further   advances  expected   at  an   early  date. 

The  Memphis  Wire  &  Iron  Works,  Memphis,  Tenn.,  has 
preliminary  plans  under  way  for  the  construction  of  a  one- 
story  addition  to  its  plant  on  Third  Street,  for  general  increase 
in  capacity.  It  is  estimated  to  cost  about  $50,000.  McLean  & 
Broadwell,  Memphis,  are  architects.    W.  A.  Haglin  is  presidenh 

The  Algoma  Steel  Company,  Sault  Ste.  Marie,  Ontario,  has 
resumed  operations  of  three  blast  furnaces  at  its  plant,  follow- 
ing a  curtailment  for  a  number  of  months.  The  company  has 
secured  a  large  order  for  steel  rails,  and  this  branch  of  the 
works  will  engage  under  maximum  capacity  with  full  woiking 
force. 
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William  E.  Hoblitzelle,  vice  president  of  the  Duquesne  Steel 
Foundry  Company,  Pittsburgh,  will  become  president  and  gen- 
eral manager  of  the  Smith  &  Davis  Mfg.  Company,  St.  Louis, 
in  which  he  has  acquired  controlling  interest,  on  August  IS. 
Mr.  Hoblitzelle  was  formerly  general  manager  of  the  American 
Steel  Foundries  at  St.  Louis  and  general  manager  of  the  Com- 
monwealth Steel  Company,  St.  Louis.  He  resigned  from  the 
latter  connection    in   1918. 

V  V 

R.  D.  Shields  has  been  appointed  assistant  general  manager 
of    the    Ohio    Machine    Tool     Company,     Kenton,     Ohio.      Mr. 

Shields   will   continue   also   as   chief   engineer,   which    position 
he  formerly  held. 

V  V 

Arthur  H.  Quigley,  for  12  years  associated  with  the  Kenosha. 
Wis.,  works  of  the  American  Brass  Company,  now  owned  by 
the  Anaconda  Copper  Company,  on  July  1  was  transferred  to 
Toronto,  Canada,  as  general  manager  of  the  Bronze-Brass- 
Copper  Rolling  Mills,  Ltd.,  Toronto,  an  Anaconda  interest.  Mr. 
Quigley  w,Hl  have  complete  charge  of  development  wo^k  as 
well  as  the  general  supervision  of  existing  plants.  He  joined 
the  Coe  Brass  Company  at  Torrington,  Conn.,  in  1902  as  an 
office  employe,  later  becoming  assistant  to  the  president.  In 
1910  he  was  made  office  manager  at  Kenosha  and  in  1917  ap- 
pointed assistant  general  manager  under  Clark  S.  Judd. 

V  V 

N.  R.  Seidle  was  recently  appointed  works  manager  for  the 
General  Boilers  Company.  Waukegan,  111. 

V  V 

C.  C.  Clark  has  been  named  as  successor  to  Kenneth  C.  Gard- 
ner who  recently  resigned  as  general  sales  manager,  central 
district,  Pressed  Steel  Car  Company,  to  become  vice  president 
in  charge  of  sales  for  the  Greenville  Steel  Car  Company,  Green- 
ville, Pa.  Mr.  Clark  has  been  affiliated  with  the  Pressed  Steel 
Car  Company  for  20  years. 

V  V 

Floyd  H.  Smith,  formerly  with  the  Pierce  Arrow  Motor 
Company,  Buflfalo  as  director  of  purchases,  has  become  asso- 
ciated with  the  Simms  Magneto  Company,  East  Orange,  N.  J., 
as  assistant  general  manager. 


Silas  H.  Horn  has  become  chief  engineer  for  the  Johnson 
Bronze  Company,  New  Castle,  Pa.  Mr.  Horn  was  formerly 
with  the  Brass  &  Bronze  Company,  Toledo,  Ohio. 

V  V 

Arthur  A.  Hammerschlag,  president  of  Carnegie  Institute  of 
Technology,  Pittsburgh,  since  1903,  has  resigned  and  will  become 
consulting  engineer  and  advisor  to  corporations,  with  offices  in 
Pittsburgh  and  New  York. 

V  V 

At  a  recent  meeting  of  the  board  of  directors  of  the  Con- 
solidated Steel  &  Iron  Corporation,  St.  Louis,  Mo.,  J.  R.  Finkel- 
stein,  president  Hoosier  Rolling  Mill  Company,  Terra  Haute, 
Ind.,  was  elected  president  of  the  Consolidated  Corporation. 
The  other  officers  follow:  F.  J.  Stuart,  chairman  of  the  board; 
Hugh  Ferguson,  first  vice  president ;  E.  J.  Schroeder,  vice  presi- 
dent and  treasurer;  M.  C.  Walsh,  secretary. 

V  V 

Charles  H.  McKnight.  who  has  held  the  [Tositions  of  presi- 
dent and  chairman  of  the  Carbon  Steel  Company,  Pittsburgh. 
recently  resigned  from  the  former  office  at  a  meeting  of  the 
board  of  directors.  C.  F.  Blue,  Jr.,  wlio  has  been  vice  president, 
is  Mr.  McKnight's  successor,  and  Frank  C.  Neale,  president  Kit- 
tanning  Iron  &  Steel  Mfg.  Company,  controlled  by  the  Carbon 
Steel  Company,  and  a  director  of  the  latter,  has  been  made 
vice  president  in   succession   to  Mr.   Blue. 

V  V 

F.  G.  Peterson,  who  has  been  managing  superintendent  of 
foundries,  Bucyrus  Company,  South  Milwaukee,  Wis.,  for  five 
years,  has  resigned  to  accept  the  position  of  general  superin- 
tendent, Hercules  Steel  Casting  Company,  Milwaukee,  succeed- 
ing Frank  E.  Mclntyre,  who  has  returned  to  the  National  Brake 
&  Electric  Company,  Milwaukee.  Operations  were  resumed  by 
the  Hercules  Company  on  July  5  with  a  normal  force  after 
being  idle  for  nearly  a  year. 

V'     V 

James  A.  McCrory  has  resigned  as  secretary  and  general 
manager  of  sales  for  the  American  Steel  Company.  Park  BIdg.. 
Pittsburgh,  Pa.,  eflfective  July  15.  Mr.  McCrory  plans  to  en- 
gage in  business  on  his  own  account  after  a  vacation. 
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Kdward  Peterson  has  become  associated  with  the  Birdsboro 
Steel  Foundry  &  Machine  Company  as  chief  engineer.  He  was 
formerly  assistant  chief  engineer  of  the  Treadwell  Engineering 
Company  of  Easton,  Pa.,  and  prior  to  that  was  assistant  to  Mr. 
A.  F.  Backlin,  chief  engineer  of  the  American  Steel  &  Wire 
Company,   Pittsburgh,   Pa. 

V  V 

Walter  W.  I.eck  resigned  June  1  as  general  superintendent 
of  the  American  Tube  &  Stamping  Company,  Bridgeport,  Conn., 
to  become  general  superintendent  of  the  Scullin  Steel  Company, 
St.  Louis.  Mr.  Leek  was  superintendent  of  rolling  mills  at  the 
Steelton,  Pa,,  plant  of  the  Bethlehem  Steel  Corporation,  prior 
to  his  connection  with  the  American  Tube  &  Stamping  Company. 

V  V 

Bertram  D.  Quarrie  has  resigned  as  general  superintendent 
of  blast  furnaces  and  steel  works  of  the  American  Steel  & 
Wire  Company  to  become  general  manager  of  the  Otis  Steel 
Company,  Cleveland,  a  new  position  just  created  by  that  company. 

V  V 

W.  S.  Stothoflt,  formerly  works  manager  of  the  Hadfield- 
Penfield  Steel  Company,  Bucyrus,  Ohio,  has  resigned  to  engage 
in  other  business  in  the  east.  Mr.  Stothoff  is  succeeded  by  R. 
O.  Perrott,  secretary  of  the  company  and  resident  manager  of 
the  Bucyrus  plants,  who  has  become  manager  of  all  the  plants, 
the  others  being  located  in  Mansfield  and  Willoughby,  Ohio. 
Arthur  Whitcraft  has  become  manager  of  the  company's  steel 
foundry  in  Bucyrus. 

V  V 

Frank  L.  Estep,  junior  partner  of  the  firm  of  C.  P  Perin 
&  S.  M.  Marshall,  consulting  engineers,  New  York,  who  re- 
cently sailed  for  Europe  plans  to  remain  a  few  weeks  in  Eng- 
land in  connection  with  engineering  work  for  the  Tinplate  Com- 
pany of  India.  Mr.  Estep  will  supervise  the  completion  of  con- 
struction and  the  starting  up  of  the  plant  in  India.  He  will  also 
represent  his  firm  while  in  India  m  connection  with  work  being 
done  for  the  Tate  Iron  &  Steel  Company,  the  Mysore  Distilla- 
tion &  Iron  Works,  the  Indian  Steel  Wire  Product?  Company, 
the  Agricultural  Implements  Company,  Ltd.,  and  other  enter- 
prises. 

V  V 

Frederick  R.  Sites  was  recently  appointed  private  secretary  of 
Judge  Elbert  H.  Gary,  chairman  of  the  United  States  Steel 
Corporation,  succeeding  George  K.  Leet,  who,  after  serving  as 
private   secretary    for    11    years,    was   elected    secretary    of   the 


Steel  Corporation  la.st  April.  Mr.  Sites  graduated  from  the 
Massachusetts  Institute  of  Technology  in  1899  and  served  for 
about  a  year  in  a  minor  capacity  at  the  Central  blast  furnaces 
of  the  American  Steel  &  Wire  Company,  Cleveland,  and  later 
in  the  Metallurgical  Department  of  the  Carnegie  Steel  Company, 
Homestead,  Pa.,  for  about  a  year..  Nine  years  ago  he  became 
associated  with  the  United  States  Steel  Products  Company  and 
has  just  returned  from  Shanghai,  China,  where  he  has  been 
manager  in  China  for  that  company.  During  a  part  of  the 
years  191S-19,  Mr.  Sites  was  treasurer  of  the  Federal  Ship- 
building Company,  but  returned  to  China  when  the  e.xport  busi- 
ness became  active  after  the  war.  Judge  Gary  became  well 
acquainted  with  Mr.  Sites  while  making  a  tour  of  the  Far  East 
six  years  ago.  Mr.  Leet,  who  has  been  serving  as  private  sec- 
retary to  Judge  Gary,  as  well  as  secretary  of  the  Steel  Cor- 
poration since  his  election  to  the  latter  position,  will  now  de- 
vote his  entire  time  to  the  position  of  secretary  of  the  Steel 
Corporation. 

V  V 
S.  F.  Cox,  formerly  assistant  to  the  consulting  engineer  of 
the  Pittsburgh  Plate  Glass  Company,  has  been  made  chief 
engineer  of  the  Calorizing  Company,  Pittsburgh,  the  duties 
of  which  include  management  oif  the  Wilkinsburg,  Pa.,  plant 
of  the  company. 

V  V 

Earl  S.  Murton  was  recently  promoted  to  the  position  of 
assistant  superintendent  of  the  sheet  department,  Inland  Steel 
Company,  Indiana  Harbor,  Ind.  Mr.  Murton  was  formerly 
hot  mill  foreman  of  the  plant.  Prior  to  going  to  the  Inland 
Company,  Mr.  Murton  was  with  the  Canton  Sheet  Steel  Com- 
pany, Canton,  Ohio. 

V  V 

James  H.  Walsh,  who,  for  twenty  years,  was  superin- 
tendent of  the  rolling  department.  South  Chicago  Works, 
Illinois  Steel  Company,  has  resigned  to  become  assistant  gen- 
eral superintendent  of  the  Inland  Steel  Company,  Indiana 
Harbor,  Ind. 

V  V 

Commander  A.  J.  Chantry,  Jr.,  U.  S.  N.,  has  reported  to 
the  Charlestown  Navy  Yard,  Boston,  as  production  manager. 
He  succeeds  Commander  W.  B.  Fogarty,  who  has  been  as- 
signed to  duty  at  Groton,  Conn.,  as  superintendent  Electric 
Boat  Company.  Commander  Chantry  formerly  was  attached 
to  the  Philadelphia  Navy  Yard. 
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"LITTLE   GIANT"   PIPE   WRENCH    PRESENTED 
TO  THE  TRADE 

The  "Little  Giant"  I'ipe  wrciicli,  a  new  wrench  with  sev- 
eral interesting  improvements  has  just  been  put  on  the 
market.  The  wrench  has  the  "end  opening"  feature  which  is 
familia  rto  users  of  machinists'  wrenches.  Its  application  to 
pipe  turning  can  rcailily  he  seen  by  a  blance  at  Fig.  1. 


Fig.  1. 


The  advantage  of  the  "Little  Giant"  wrench  over  the  con- 
ventional style  is  the  ease  with  which  it  can  handle  pipes  in 
corners,  close  to  walls,  and  similar  confined  places.  The 
person  using  it  can  set  it  straight  on  the  pipe  as  he  would 
a  pair  of  pliers,  instead  of  having  to  lit  the  jaws  on  from 
the  side. 

'Phe  wrench  has  only  three  parts;  a  handle  and  jaw  in 
one  piece,  which  is  drop  forged  and  heat  treated;  a  movable 
jaw,  likewise  drop  forged  and  heat  treated  and  a  hardened 
steel  nut.  There  are  no  springs,  rivets,  frame  or  pins,  all 
these  parts  being  eliminated.  In  spite  of  the  absence  of 
springs  it  takes  hold  and  releases  instantly  at  the  option  of 
the  user. 

rhc  new  wrench  lias  been  designed  for  maximum  strength. 
The  14  in.  size  has  repeatedly  withstood  stresses  in  excess 
of  4,700  inch  pounds  without  slipping  or  bending.  I-Jeaders 
familiar  with  government  requirements  will  recall  that  the 
army  and  navy  departments  require  a  test  of  2,800  inch  pounds 
for  a  wrench  of  this  size.  Yet  owing  to  the  elimination  of 
extra  parts  the  "Little  Giant,"  in  spite  of  its  extra  strength 
weighs  less  than  a  Stillson  type  wrench  of  corresponding 
capacity.    This  is  an  advantage  to  users  and  dealers  alike. 

.Another  feature  is  the  double  set  of  teeth  on  the  main 
jaw.  The  movable  jaw  can  be  engaged  at  the  option  of  the 
operator  with  cither  of  these  sets  of  teeth  with  consequent 
lengthened  life.  On  the  large  sizes,  14  in.  and  greater,  two 
additional  sets  of  teeth  are  provided,  making  four  in  all, 
and  the  movable  jaw  can  be  reversed  to  engage  these  addi- 
tional sets  of  teeth,  which  are  below  the  adjusting  nut.  This 
is  very  useful  in  connection  with  certain  classes  of  work,  be- 
sides practically  quadrupling  the  life  of  the   tool. 

The  new  wrench  is  a  product  of  the  Greenfield  Tap  &  Die 
Corporation,  Greenfield,  Mass.  "Little  Giant"  is  one  of  their 
trade  marks,  well  known  throughout  the  trade  to  all  users 
of  Screw  Plates,  Taps  and  Dies. 


VAN  DORN  BUILDS  A  SPECIAL  RADIAL  ARM  DRILL 
FOR   MILLWRIGHT  WORK 

Realizing  the  great  need  in  the  industries  for  suitable 
tools  especially  adapted  to  the  peculiar  needs  of  millwrights 
and  maintenance  men,  the  Van  Dorn  Electric  Tool  Company 
of  Cleveland,  Ohio,  has  introduced  the  "Millwright  Special." 


a  Millwright's  Radial  Arm  Drill  to  be  attached  to  the  wall  or 
column  for  performing  various  jobs  of  a  heavier  stationary 
nature  where  rigidity  and  greater  accuracy  may  be  required. 

Knowing  the  hard  use  and  abuse  to  which  portable  electric 
tools  are  often  subjected,  the  Millwright  Drill  is  built  strong 
and  rugged  in  every  part,  completely  encased  in  an  aluminum 

housing  also  arranged  fur  (|uick  dissembling  for  greasing  and 
cleaning. 

The  entire  drill  is  well  l>alanced,  also  very  light  and  con- 
venient to  handle  so  that  the  operator  can  easily  use  it  in 
most  any  position  without  experiencing  extra  exertion  or 
fatigue. 

The  motor  is  of  the  universal  type,  for  either  .V.C.  or  D.C. 
circuits.  It  is  of  the  usual  powerful  and  durable  "Van  Dorn" 
construction  throughout,  properly  ventilated  by  an  aluminum 
fan  on  the  rotor  shaft,  and  ball  bearing  equipped. 

A  special  drill  chuck  permits  the  use  of  drills  up  to  ^  in. 
diameter  for  drilling  holes  in  iron  and  steel,  while  much  larger 
wood  bits  can  also  be  used. 

The  Millwright  Radial  Arm  is  of  unique  design  with  proper 
distrilnition  of  metal  to  give  great  strength  and  rigidity  to 
vvitiisland  the  heaviest  drilling  requirements,  at  the  same 
time  keeping  tlie  wei.ght  within  limits  that  permit  an  easy 
swinging  motion  of  the  arm  to  allow  quick  location  of  the 
drill  when  in  service;  besides  its  convenient  weight,  permits 
the  radial  arm  to  be  moved  from  one  location  to  another  when 
its  services  are  required  in  different  parts  of  the  factory. 

Two  large  pi\ot  brackets  bolted  to  the  wall  or  column, 
support  the  entire  arm.  .\t  the  opposite  end  of  the  main  arm 
casting  is  a  second  joint  on  which  the  short  fore-arm  swings. 
The  outer  bearings  of  the  fore-arm  form  a  support  and  guide 
for  the  drill  bracket  column.  This  forearm  or  second  joint 
member  gi\cs  great  flexibility  which  permits  accurate  location 
of  the  drill. 

The  drill  bracket  or  sliding  member  is  raised  and  lowered 
by  means  of  a  long  lever  and  toggle  link  mechanism.  A 
secondary  drill  lifting  arrangement  is  also  provided  in  the 
form  of  a  strong  tension  spring  attached  to  the  lower  part 
of  the  drill  bracket  and  hung  from  an  extension  rod  above 
the  fore-arm. 

The  Millwriglit  Drill  can 'he  quickly  attached  to  the  Radial 
.\rm  by  simply  unscrewing  one  handle  and  bolting  the  drill 
to  the  adapter  plate  on  tlie  radial  arm.  Less  than  one  minute 
is  required  to  attach  the  drill  from  the  arm 

'l"hc  entire  sco|)e  of  the  arm  with  the  drill  attached  covers 
a  radius  of  315^  inches  from  the  drill  center  to  wall  pivots. 
The  auxiliary  forearm  permits  a  secondary  radius  of  W'/^ 
inches  to  be  swung  for  locating  the  drill. 


The  British  Empire  Steel  Corporation,  Montreal,  Que.,  has 
preliminary  plans  under  way  for  extensions  and  improvements 
in  its  plant,  to  cost  in  excess  of  $15,000,000.  Plans  are  being 
prepared  for  new  open  hearth  furnaces  and  new  blooming  mill, 
estimated  to  cost  about  $10,000,000.  Extensive  improvements 
will  be  made  to  two  blast  furnaces,  including  relining  and  gen- 
eral repairs.  Other  portions  of  the  mill  will  be  remodel  and 
new  machinery  installed,  bringing  up  the  expenditure  to  about 
the  point  noted. 
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Some  Pointers  on  By-Product  Coke  Oven  Operations 


THE   RECOVERY   OF  BENZINE   BY  MEANS 
OF  CHARCOAL 

Several  papers  have  been  written  during  the  last  year  on  the 
Bayer  process  of  recovering  solvents  like  benzine,  carbon  di- 
sulphide,  ethylene,  etc.,  from  solutions  used  in  various  impor- 
tant industries,  as  vv^ell  as  from  coke  oven  gas,  by  means  of 
"activated"  charcoal.  The  Bayer  Farbenfabriken  of  Lever- 
kusen  are  activating  charcoal  by  carbonizing  wood  in  the  pres- 
ence of  zinc  chloride  and  other  salts  at  1,000  deg.  C,  and  they 
claim  thus  to  obtain  a  charcoal  which,  as  regards  benzine,  is 
20  times  as  active  as  ordinary  charcoal.  The  regeneration  of 
the  charcoal  is  effected  by  means  of  dry  steam  at  180  deg.  C.  In 
the  laboratory  the  Bayer  method  is  already  used  to  a  consider- 
able extent.  Coke-oven  works  wash  the  gas  with  some  oil  to 
strip  it  of  its  benzine,  and  the  technical  substitution  of  activated 
charcoal  for  oil  is  so  far  only  being  tried.  The  two  processes, 
washing  with  oil  and  adsorption  by  charcoal,  are  entirely  dif- 
ferent. The  former  process  relies  upon  the  solubility  of  ben- 
zine in  the  oil,   the   second  on   surface  adsorption. 


DESULPHURIZING  OF  COKE 

A  study  of  the  desulphurization  of  coke  was  begun  July  1 
at  the  experiment  station  of  the  United  States  Bureau  of  Mines 
at  Pittsburgh.  This  is  a  practical  follow-up  of  the  theoretical 
study  of  the  oxidation  of  iron  sulphate  in  the  coke  and  subse- 
quent removal  of  the  free  sulphur  formed  by  this  oxidation. 
Literature  on  this  subject  is  being  reviewed.  Many  patents  were 
taken  out  in  the  years  18S0  to  1870  and  few  since.  Roasting  and 
steaming  were  favorite  methods.  In  this  connection,  methods 
for  converting  sulphur  in  coke  into  the  FeS  form  are  being 
sought.  A  process  based  on  such  method  would  hold  back  sul- 
phur that  might  ordinarily  be  evolved,  then  this  sulphur  could 
later  be  removed  by  oxidation  together  with  much  additional 
sulphur.  It  seems  that  Fead  mixed  with  coal  being  coked  de- 
creases the  sulphur  in  solid  solution.  The  work  is  being  under- 
taken by  Dr.  A.  R.  Powell,  physical  organic  chemist,  and  John 
H.  Thompson,  research  fellow  of  the  Carnegie  Institute  of 
Technology. 


NEW  RECORD  IS  MADE  IN  BY-PRODUCT  COKE 

To  replace  the  deficit  in  beehive  coke  caused  by  the  strike 
in  the  Coiinellsville  region  and  other  beehive  coke  districts,  the 
by-product  ovens  are  now  producing  at  a  rate  above  the  aver- 
age for  1920.  The  Geological  Survey  reports  the  total  output 
of  by-product  coke  in  June  was  in  round  numbers  2,580,000  net 
tons,  against  a  monthly  average  of  2,565,000  tons  in  1920,  the 
record  year.  The  average  output  per  working  day  was  86,000 
net  tons,  an  increase  of  5  per  cent  over  the  May  average.  The 
month's  production  represented  70  per  cent  of  the  aggregate 
capacity  of  the  ovens.  Of  the  71  plants  in  existence,  58  were 
active  and  13  idle. 

Because  of  the  low  production  of  beehive  coke,  458,000  tons 
in  June,  against  a  monthly  average  of  1.748,000  tons  in  1920. 
the  total  output  oi  all  coke  was  only  3,038,000  tons.  This  was 
70,5  per  cent  of  the  monthly  average  of  all  coke  in   1920. 


COKE  INVESTIGATIONS  AT  BIRMINGHAM 

Investigations  now  being  conducted  by  the  Bureau  of  Mines 
at  the  Southern  experiment  station,  Birmingham-Tuscaloosa. 
Ala.,  cover  the  physical  properties  of  blast  furnace  coke,  includ- 
ing physical  tests,  solubility  of  coke  in  carbon  dioxide,  and 
analyses   of  blast   furnace   hearth  gas.      In   the   studv  of   the   re- 


activity of  coke  with  carbon  dioxide,  the'eflect  of  mesh  of  coke, 
temperature,  rate  of  flow  of  carbon  dioxide,  and  dilution  with 
nitrogen  has  been  further  investigated.  The  work  on  hearth  gas 
analyses  at  the  plants  of  the  Republic  Company  and  the  Tennes- 
see Coal,  Iron  &  Railroad  Company  has  been  completed.  Com- 
pletion of  work  at  the  plant  of  the  Alabama  Company  at  Gads- 
den, Ala.,  makes  a  total  of  six  furnaces  investigated  in  the 
Southern  district. 


SPECIFIC   GRAVITY   OF  COKE 

Experimental  work  is  being  conducted  at  the  Pittsburgh, 
Pa.,  experiment  station  of  the  Bureau  of  Mines  on  the  influ- 
ence of  fineness,  medium,  and  time  of  boiling,  in  determining 
the  true  specific  gravity  of  coke,  which  determination  is  used  in 
calculating  the  amount  of  cell  space  or  porosity  of  metallurgical 
coke. 


MIXED  COAL  AND  COKE  FUEL  FOR  WATER  GAS 
MANUFACTURE 
Results  obtained  by  W.  J.  Dunkley,  gas  engineer  of  the 
Bureau  of  Mines,  in  the  course  of  experiments  made  at  Ottawa, 
111.,  in  the  use  of  mixed  coal  and  coke  fuel  for  water  gas  manu- 
facture, show  that  capacities  up  to  97  per  cent  of  the  rated 
capacity  with  good  coke  fuel  can  be  obtained,  using  70  per  cent 
Illinois  coal  and  30  per  cent  coke  from  Kentucky  coal,  with  6 
ft.  gas  sets  operating  up  to  10  hours  per  day.  The  generator 
fuel  consumption  was  about  33.5  pounds  of  mixed  fuel  per  1,000 
cubic  feet  of  gas  made. 


CARBONIZED  LIGNITE  FUEL 
Experiments  on  the  treatment  of  lignite,  raw  and  carbonized, 
by  the  Trent  process,  are  being  made  in  North  Dakota  by  W. 
W.  Odell,  fuel  engineer  of  the  United  States  Bureau  of  Mines. 
Construction  of  a  vertical  lignite  carbonizing  oven  has  been 
completed. 

CARNEGIE  TECH   TO  TEACH   METALLURGY  TO 
NAVAL  OFFICERS 

Carnegie  Institute  of  Technology  at  Pittsburgh  has  lieen 
selected  by  the  United  States  Naval  .\cademy  at  Annapolis 
to  give  advanced  courses  in  metallurgy  to  its  graduate  officers. 
Beginning  next  September,  the  Naval  Academy  will  send 
two  ordnance  officers,  graduates  of  the  Acamedy,  for  a  year's 
study  in  advanced  metallurgy.  Their  studies  will  be  confined 
principally  to  advanced  metallurgy  but  will  include  some 
studies  in  electricity  and  physical  chemistry.  Other  groups 
of  graduate  ofificers  are  assigned  each  year  to  various  col- 
leges or  universities  to  study  along  specialized  lines. 

F.  F.  Mcintosh,  associate  professor  in  metallurgy  at  Car- 
negie Tech,  will  supervise  the  studies  of  the  naval  officers. 
Lieutenants  Gilbert  C.  Hoover  and  John  H.  Keefe  have  been 
assigned  to  take  the  work  the  next  college  year. 


STUDYING   STEEL   SUITABLE   FOR   GAGES 

Experimental  work  has  been  started  by  the  Bureau  of 
Standards  in  the  study  of  the  rate  of  or  resistance  to  wear 
of  steels  when  run  in  contact  and  without  lubrication  of  any 
sort.  The  Amsler  wear  testing  machine  is  being  used  for  this 
investigation.  The  steels  included  in  the  preliminary  studies 
form  a  series  that  has  'been  submitted  by  the  gage  steel  com- 
mittee and  which  is  being  studied  in  detail  to  determine  the 
suitability  of  the  steels  for  gages.  In  gage  work,  the  question 
of  wear  is  of  extreme  importance. 
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The  Mesta  Machine  Company,  Pitts- 
burgh, Pa.,  announces  the  removal  of  their 
Chicago  office  from  the  McCormick  Build- 
ing to  the  Peoples  Gas_  Building.  Mr.  C. 
J.  Mesta.  second  vice  pre.sidcnt  of  the  com- 
pany, who  has  been  in  charge  of  the  Chi- 
cago office  for  over  a  year,  has  returned 
to  the  home  office  in  Pittsburgh  to  take 
charge  of  the  sales  department  of  the  com- 
pany. Mr.  A.  B.  Neumann,  meclianical  en- 
gineer, has  been  appointed  manager  of  the 
Chicago  office.  Mr.  Neumann  has  been  in 
the  Chicago  district  for  a  number  ci  years 
in  the  cajjacity  of  chid  engineer  and  con- 
.-.ulting  engineer  for  several  of  the  largest 
steel   plants  in  that  district. 

Two  large  foreign  contracts  have  just 
been  closed  by  the  Electric  Furnace  Com- 
pany, Salem,  Ohio.  The  first  calls  for  an 
alummum  melting  furnace  for  Germany, 
and  the  second  for  a  set  of  automatic  heat 
treating  units  for  Japan.  The  I'nited 
.'\Umiinum  Works.  I.autewerke,  Germany, 
has  contracted  for  a  200  kw.  tapi.ing  type 
electric  furnace  capable  of  holding  4,000 
lbs.  of  aluminum.  Mitsui  &  Company, 
New  York  City,  has  purchased,  for  ship- 
ment to  Japan,  a  completely  automatic  set 
for  heat  treating  forgings.  The  hardening 
furnace  will  be  rated  at  80  kw.  and  will 
contain  five  rows  along  which  the  forgings 
will  advance. 

The  Economy  Fuse  &  Mfg.  Company 
of  Chicago,  111.,  announces  the  appointment 
of  Charles  H.  Bluske  as  district  sales  mana- 
ger of  the  Los  Angeles  office  at  1304  Malt- 
man  Avenue. 

The  Pittsburgh  sales  office  of  the 
Economy  Fuse  &  Mfg.  Company  has  been 
moved  from  22Zi  Farmers  Bank  Building 
to  1006  Peoples  Bank  Building  at  Fourth 
Avenue   and    Wood    Street. 

C.  F.  Ford,  who  for  the  past  several 
years  has  been  with  the  Chicago  Pulley 
&  Shafting  Company,  has  recently  joined 
the  engineering  sales  forces  of  W.  A.  Jones 
Foundry  &  Machine  Company,  manufac- 
turers of  speed  reducers  and  power  trans- 
mitting machinery.  In  the  near  future  Mr. 
Ford  will  be  located  in  Minneapolis  as 
manager  of  the  Jones  branch  there. 

The  New  Orleans  Gas  Light  Company 
will  install  two  U.  G.  L  vertical  waste  heSt 
boilers  and  to  that  end  have  awarded  con- 
tract for  the  installation  to  the  U.  G.  I.  Con- 
tracting Company  of  Philadelphia.  These 
waste  heat  boilers  will  be  attached  to  the 
carburetted  water  gas  apparatus. 

The  Younglove  Construction  Company, 
United  Bank  Bldg.,  Sioux  City,  la.,  has 
been  appointed  representative  of  the  Con- 
veyors Corporation  of  America,  326  West 
Madison  Street,  Chicago,  111.,  for  the  sale 
of  American  trolley  carriers  in  northwes- 
tern Iowa  and  in  South  Dakota. 

The  Electric  Furnace  Construction  Com- 


pany, 908  Chestnut  Street,  Philadelphia, 
manufacturers  of  electric  furnaces,  "Elec- 
tro" steam  boilers,  etc.,  report  an  increase 
in  capital  and  the  appointment  of  the  fol- 
lowing new  officers:  P.  H.  Falter,  vice 
liresident  and  treasurer;  Arthur  G.  Dick- 
son, of  Beitler  &  McCouch.  Philadelphia, 
vice  president  and  counsel  ;  and  of  the  fol- 
lowing new  directors:  John  Gilbert  of 
Madeira,  Mill  &  Company;  Wm.  A.  Webb, 
president  Ivmpire  Coal  Mining  Company; 
Dr.  T.  I-I.  Weisenburg.  F'rank  Hodson  re- 
tains the  jiresidency  of   the  company. 

The  Torrington.  Conn.,  Electric  Com- 
pany is  making  improvements  to  its  gas 
plant  in  order  to  provide  for  increased 
manufacturing  capacity  and  has  placed  its 
orders  with  the  U.  G.  1.  Contractin.g  Com- 
pany of  Philadelphia. 

The  Iron  &  Steel  Products  Company  has 
removed  from  230  F'ifth  Avenue  to  421 
Wood  Street,  Pittsburgh,  Pa.  The  com- 
pany handles  iron  and  steel  products,  spe- 
cializing in  relaying  rails  ;  also  copper  and 
brass,  babbitt  and  solder,  brake  lining  and 
packing. 
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The  Hydraulic  Society  has  gotten  out  a 
second  edition  of  its  pamphlet  entitled 
"Trade  Standards  in  the  Pump  Industry." 
This  edition  contains  some  additional 
tables  and  explanatory  data,  and  also  a  re- 
vised list  of  members  of  the  society. 
Copies  may  be  secured  from  the  members 
or  the  secretary,  C.  H.  Rohrhach,  50 
Church  Street,  New  York,  and  if  desired 
in  quantities,  will  be  sppplied  at  cost  of 
printing. 

The  Brown  Instrument  Company  of 
Philadelphia,  Pa.,  announce  the  publication 
of  a  new  resistance  thermometer  catalog 
which  explains  the  theory  of  resistance 
thermometry,  the  various  types  of  instru- 
ments which  are  made,  and  the  merits  of 
each  type,  suggesting  the  really  wonderful 
field  which  this  instrument  so  ideally 
covers. 

The  .'\merican  Engineering  Company  of 
Philadelphia  has  just  issued  a  new  publi- 
cation entitled  "The  Rotary  Ash  Dis- 
charge." This  booklet  deals  exclusively 
with  a  system  of  ash  treatment  and  dis- 
charge which  was  originated  and  perfected 
by  that  company. 

The  Uehling  Instrument  Company  of 
Patcrson,  N.  J.,  have  issued  their  four- 
page  bulletin  No.  113  describing  their 
Pyro-porus  filter  for  filtering  flue  gas  sam- 
ples  to   exclude   soot   and   dirt. 

The  George  T.  Ladd  Company  of  Pitts- 
burgh, Pa.,  have  issued  a  four-page  folder, 
entitled  "The  World's  Largest  Power  Boil- 
ers After  Eighteen  Months  Operation."  In 
it  they  tell  of  the  performance  records  se- 
cured with  their  boilers  at  the  River  Rouge 
plant  of  the  Ford  Motor  Company  and  re- 
produce four  interesting  steam  flow  charts. 


The  boilers  have  operated  for  periods  of 
four  to  seven  months,  each  normally  car- 
rying 200  to  250  per  cent  rating,  and  at 
times  for  periods  of  16  to  20  hours  300  to 
350  per  cent.  At  one  time  a  rating  as  high 
as  425  per  cent  was  reached.  The  last 
page  of  the  pamphlet  is  devoted  to  a  list 
of  advantages  of  Ladd  water  tube  boilers. 
Size  8>4xll. 

"Regulating  Boiler  Feed  Water"  is  the 
title  of  a  booklet  just  published  by  the 
Northern  Equipment  of  Erie,  Pa.  It  is 
divided  into  three  general  sections.  The 
first  is  a  reprint  of  an  article  from  Power 
Plant  luigineering  emphasizing  the  im- 
portance of  feed  water  regulation  and  dis- 
cussing the  requirements  to  be  met.  The 
second  describes  and  illustrates  the  regu- 
lator inade  by  this  company.  The  third 
consists  mainly  of  charts  and  descriptions 
of  them  showing  how  this  regulator  has 
met  the  re(|uirements  enumerated.  Size 
8'4xll.  Twenty  pages  bound  in  heavy 
craft  cover. 

"Koerting  Fuel  Oil  Burning  Systems," 
is  the  title  of  a  new  catalog  consisting  of 
three  bulletins  bound  in  a  stiff  cover,  re- 
cently issued  by  Schuette  &  Koerting  Com- 
pany, Philadelphia,  Pa.  The  bulletins  bear 
the  titles.  Mechanical  Fuel  Oil  Burning 
Systems,  Low  and  High  Pressure  Fuel  Oil 
Burners,  and  Properties  and  Advantages 
of  Fuel  Oil.  In  them  are  discussed  in- 
stallations, operation  and  maintenance  of 
oil  burning  equipment,  the  relative  merit  of 
mechanical  spray  oil  burners,  oil  pumping 
outfits,  the  general  requirements  of  steam 
boiler  furnaces  for  burning  oil,  air  for 
combustion,  effects  of  carbon  deposits  and 
soot,  etc.     Size  8'/ixll'4. 

The  London  Steam  Turbine  Company  of 
Troy,  N,  Y„  successors  to  the  Steam  Mo- 
tors Company,  have  issued  their  Bulletin 
No.  14  under  date  of  May,  1022.  In  it 
they  describe  the  advantages  and  features 
of  their  product.  The  bulletin  is  well 
jirinted  on  coated  stock  and  contains  a 
large  number  of  excellent  illustrations. 
Twenty-eight   pages,   size  8V.xll. 

W'estinghouse  'Electric  &  Mfg.  Co., 
East  Pittsburgh.  Circular  1579-B,  con- 
taining general  and  technical  data  on  Mi- 
carta,  a  non-metallic  material  for  gear 
and  pinion  application,  developed  by  the 
Wcstinghousc  company.  It  is  a  lamin- 
ated product  of  specially  treated  woven 
fabric  of  homogeneous  structure  and 
physical  properties  are  claimed  for  it  that 
make  possible  its  substitution  for  un- 
treated steel,  cast  iron,  bronze  and  other 
materials  used  in  gear  manufacture.  It 
is  sclf-sustainin,g  and  may  be  machined 
with  ordinary  standard  tools  and  equip- 
ment. 

.Vincrican  Nickel  Corporation,  Clear- 
field, Pa.  .\  12-page  bulletin,  8^4  in,  x  11 
in.,  giving  a  resume  of  the  properties  and 
uses  of  pure  nickel,  shown  by  graphs  and 
tabular  comparisons. 
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Association  of  Iron  and  Steel  Engineers 

Annual  Convention 

The  Sixteenth  Annual  Convention  and  the  Fourth  Annual  Exposi- 
tion of  This  Society  Will  Be  Held  in  the  Cleveland  Public  Hall, 
September  11  to  15. 


THE  Association  of  Iron  and  Steel  Electrical  Engi- 
neers will  hold  their  annual  exposition  and  conven- 
tion at  Cleveland,  Ohio,  September  1 1  to  Septem- 
ber IS,  the  official  headquarters  being  the  Statler  Hotel, 
while  the  convention  sessions  will  be  held  in  the  Cleve- 
land Public  Hall. 

It  is  expected  that  a  very  large  crowd  of  steel  mill 
officials,  such  as  general  managers,  general  superin- 
tendents, department  superintendents  and  engineers 
will  be  in  attendance. 

Aside  from  the  technical  sessions,  the  exposition 
offers  an  opportunity  for  these  officials  to  become  better 
acquainted  with  the  latest  advances  in  the  electrical 
and  mechanical  arts.  Practically  all  the  manufacturers 
of  electrical  apparatus  will  have  booths  and  demon- 
strate their  appliances  at  the  exposition. 

The  technical  program,  as  arranged,  is  exceptional, 
as  a  glance  at  the  list  of  subjects  to  be  presented  will 
readily  prove ; 

"Improvement  in  Efficiency  of  Electric  Power 
Supply." 

"A  Review  of  Steel  Mill  Electrification." 

"Boiler  Practices  of  1922." 

"Education"  and  "Safety." 

"The  Gas  Engine  as  a  Prime  Mover  for  Power 
riene;  ation." 

"Steam  Turbines." 

"Judging  Combustion  From  Gas  Analysis." 
"Electrification  of  the  International  Nickel  Com- 
pany's \\'orks  for  Monel  Metal." 

"Some  Considerations  in  the  Electrification  of 
the  Steel  Plant  Railroad  Yard." 

"Power  in  the  Iron  and  Steel  Industry." 
"Control-Motor-Lighting  and  Crane  Standardi- 
zation." 

"Electric  Furnaces." 
"Electrical  Developments  in  1922." 
"Investigation  of  Insulators  for  Steel  Mill  Serv- 
ice." 
These  papers  have  been  prepared  by   the  foremost 


engineers    of    the    electrical    industry,    including    such 
prominent  persons  as: 

Dr.  C.  P.  Steinmetz,  B.  G.  Lamme,  Wilfred  Sykes, 
D.  M.  Petty  and  others. 

It  may  be  of  interest  to  know  something  about  how 
the  Association  of  Iron  and  Steel  Electrical  Engineers 
originated  and  some  of  the  history  of  the  society  since 
its  inception. 

Sixteen  3-ears  ago,  at  a  dinner  attended  by  electrical 
engineers  and  electrical  superintendents  of  the  steel 
industry,  one  of  the  superintendents  abruptly  conceived 
the  idea  of  perpetuating  dinners  of  this  nature,  at  which 
time  discussions  relative  to  the  application  of  electric- 
ity to  the  steel  industry  would  be  presented,  and, 
through  the  interchange  of  ideas  of  practical  operation, 
a  broader  viewpoint  of  electrical  application  would  be 
obtained,  thus  enabling  the  engineers  and  superinten- 
dents to  obtain  the  advantage  of  each  other's  experi- 
ences in  field  operation. 


The  papers  to  be  presented  at  the  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers' 
convention,  Cleveland,  September  11  to  15, 
have  been  abstracted  and  will  be  found  in  the 
special  section  devoted  to  this  convention, 
further  back  in  this  magazine.  A  directory  to 
the  booths,  including  the  names  of  the  various 
companies'  representatives,  will  also  be  found 
there. 


The  suggestion  provoked  considerable  discussion, 
and  thus  was  brought  about  the  formation  of  the  .Asso- 
ciation of  Iron  and  Steel  Electrical  Engineers. 

This  association  has  functioned  regularly  since  that 
time,  starting  firstly  with  annual  meetings,  then  sec- 
tional meetings  being  held  in  Pittsburgh,  then  sections 
were  fo-ined  at  Chicago,  Cleveland,  Philadelphia  and 
Birmingham. 

From  the  inception,  this  society  devoted  some  of  its 
time  to  the  question  of  safety  in  steel  mills.  This  ques- 
tion developed  such  proportions  that  it  was  thought 
best  to  form  a  separate  organization  to  handle  this  mat- 
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ter  in  its  entirety.  From  this  came  the  formation, 
under  the  auspices  of  this  association,  what  is  known 
as  the  National  Safety  Council,  of  which  we  are  justly 
proud.  This  accomplishment  is  particularly  gratifying 
and  has  always  been  an  inspiration  towards  the  accom- 
plishment of  some  of  the  big  questions  which  have  been 
brought  up  and  solved  since  that  time. 

For  fifteen  years  annual  proceedings  have  been  is- 
sued which  contain  the  papers  presented  by  steel  mill 
engineers  before  this  association.  These  proceedings 
are  used  internationally  as  references,  especially  so 
when  new  installations  are  contemplated ;  also  for  the 
performances  of  electrical  apparatus  installed  in  steel 
mills. 

-American  electrical  steel  mill  practices  are  being 
appreciated  more  and  more  in  the  foreign  countries  as 
each  year  the  demand  for  literature  from  this  associa- 
tion is  increasing  enormously,  so  much  so  that  there  are 
possibilities  of  the  formation  of  a  permanent  section  in 
some  part  of  Europe. 

In  this  country,  some  of  the  leading  engineers  in 
steel  mills  have  written  their  expressions  of  apprecia- 
tion for  the  valuable  information  contained  in  our  is- 
sues, and  it  is  a  frequent  request  that  some  of  these 
engineers  have  in  asking  for  complete  sets  of  these 
volumes. 

It  has  been  remarked  at  times  that  this  organization 
lends  to  become  narrow  in  confining  its  activities  to 
one  branch,  that  of  the  iron  and  steel  industry. 

Considerable  deliberations  were  had  on  the  subject 
of  broadening  these  activities,  but  it  was  felt  that  in 
order  to  be  of  any  value  to  its  members,  it  had  consid- 
erable to  do  to  handle  efficiently  this  one  branch,  in  view 
of  the  fact  that  were  time  devoted  to  other  branches, 
little  would  be  accomplished  in  the  way  of  furthering 
its  original  aims,  that  of  the  electrification  of  the  iron 
and  steel  industry. 

It  was  felt,  however,  that  in  order  to  completely 
cover  the  subject  of  electrification  it  would  be  neces- 
sary to  enlist  the  support  of  the  combustion  and  steam 
engineers  of  this  industry. 

From  this  idea  was  formed  the  Combustion  Engm- 
eering  Section  of  the  society.  While  it  has  been  organ- 
ized only  two  years,  its  success  was  evident  from  the 
start. 

Year  after  year  questions  concerning  the  industry 
are  brought  up.  discussed  and  solved,  which  ultimatelv 
tends  towards  greater  production  at  lower  cost. 

Likewise,  conventions  each  year  are  attracting  more 
and  more  attention,  and  the  good  accomplished  at  these 
annual  meetings  is  evidenced  by  the  increased  number 
present  at  the  sessions  and  exhibits  and  the  number  of 
engineers  participating  in  the  discussions  of  the  various 
subjects  presented. 

Some  of  the  leading  scientists  and  engineers  in 
.America,  as  well  as  Europe,  have  taken  an  active  inter- 
est in  the  convention  being  held  this  year,  among  them 
being  Dr.  C.  P.  Steinmetz  and  B.  G.  Lamme,  in  this 
country,  and  Sir  Robert  Hadfield  of  England. 

The  convention  this  year  is  attracting  considerable 
interest  and  arousing  enthusiasm  to  such  an  extent  that 
the  "Iron  and  Steel  Exposition"  this  year  will  be  one 
long  to  be  remembered. 


THE  DISCOVERY  OF  MANGANESE  STEEL 

Hadfield's  discovery  of  manganese  steels  as  a  re- 
sult of  research  practically  started  the  study  of  alloy 
steels.  Before  him,  Mushet  had.  indeed,  worked  out 
empirically  a  self-hardening  steel  for  metal-cutting 
tools,  but  it  gave  no  such  impetus  to  research  in  the 
field  of  useful  metals.  As  a  young  man  Hadfield  started 
experimenting  in  his  father's  steel  foundry  to  see  ii 
he  could  find  a  hard  steel  suitable  for  tram-car  wheels. 
He  melted  his  mixtures  in  crucibles  and  tested  his 
products  by  the  means  then  at  hand — the  file,  chisel, 
forge,  magnet.  |nd  hardening  and  tempering.  These 
were  enough  to  enable  him  when  he  first  made  an 
alloy  coming  within  the  definition  of  manganese  steel 
to  realize  that  he  was  dealing  with  a  new  metal. 

Before  his  time,  everyone  who  had  tried  the  effect 
of  increasing  manganese  in  steel  had  found  that  the 
steel  was  made  harder  and  less  ductile  with  each  in- 
crease, so  that  if  2.5  per  cent  were  present  the  prod- 
uct was  too  hard  and  brittle  to  be  of  any  use.  The 
highest  proportion  ever  added  had  been  3.5  per  cent, 
which  made  the  steel  even  more  brittle.  Naturally  it 
was  believed  that  more  manganese  would  merely  re- 
sult in  still  greater  weakness. 

Hadfield.  however,  took  nothing  for  granted,  but 
tried  everything  and  as  a  result  found  the  new  alloy 
which,  when  it  contained  about  13  per  cent  man- 
ganese, and  was  properly  heat  treated,  had  maximum 
combined  nroperties  of  strength  and  toughness.  He 
told  his  father,  Robert  Hadfield.  and  his  superintend- 
ent. Mr.  Mallaband.  about  his  discover}'.  Thev  were 
naturally  skeptical  and  told  him  that  he  would  better 
repeat  his  experiments.  He  did  so  with  the  same  re- 
sult and  then  they  began  to  take  notice. 

Here  was  a  high-carbon  steel  which  in  several  ways 
was  the  opposite  of  what  would  be  expected  by  anv  one 
familiar  with  iron.  .A.  magnet  would  not  attract  it. 
and  when  heated  to  a  bright  orange  heat  and  cooled 
quickly,  as  by  immersion  in  cold  water,  it  was  given 
extraordinary  ductility.  There  were  other  less  notable 
features,  hut  these  were  enough  to  excite  astonish- 
ment. 

Naturally,  the  first  attempts  to  adapt  the  new  hard 
metal  were  for  cutting  purposes,  particularly  for 
metals,  .but  experiments  in  that  direction  came  to 
naught.  The  great  field  for  this  steel,  resistance  to 
abrasion,  particularly  by  earthly  materials  such  as 
rocks  and  ores,  was  not  fairly  recognized  until  ten 
years  after  the  steel  was  first  made. 

The  discovery,  as  the  result  of  systematic  research, 
of  a  metal  having  such  unique  properties  as  manganese 
steel,  started  other  steel  makers  to  see  whether  addi- 
tional useful  alloys  could  be  found.  As  a  result  of 
these  activities,  which  eventually  extended  through- 
out the  civilized  world,  man}'  alloy  steels  have  been 
developed  of  exceeding  importance,  which  have  ad 
vanced  materially  the  useful  arts  and  particularlv  the 
conquest  of  distance  on  land,  in  the  air  and  under 
the  sea. 

This  discovery  also  argues  strongly  for  research 
even  without  a  definite  object.  Hadfield  was  search- 
ing for  a  hard  steel  for  another  purpose.  He  had  no 
idea  of  finding  a  non-magnetic  or  water-toughening 
steel.  So  anyone  has  a  chance  of  finding  something 
new  and  useful  in  any  systematic  investigation  or  re- 
search which  explores  any  unknown  field  of  knowledge. 


♦Contributed  by   Henry   D.   Hibbard.   consulting   engineer, 
Plainfield,  N.  J.,  to    ■Engineering  Foundation." 


September,  1922 


ll,o51asffumaceSSfeolPl 


anf 


451 


Heat  Balances  of  Blast  Furnace 

Steel  Plants 

Interesting  Charts  Showing  Heat  Balances  for  an  Uneconomical 
Steel  Plant,  an  Average  Steel  Plant,  an  Economical  Steam  Oper- 
ated Steel  Plant  and  an  Ideally  Operated  Steel  Plant  Are  Given. 

By  W.  TRINKS 


and 


IN  the  production  of  iron  and  steel,  fuel  is  only  one 
item  of  expense,  but  it  is  by  no  means  an  inconsider- 
able one,  although,  in  the  'United  States,  it  is  not 
nearly  as  large  as  the  item  of  labor  cost.  The  old  say- 
ing, "The  coal  never  goes  to  the  iron  ore,  but  the  iron 
ore  always  goes  to  the  coal."  emphasizes  the  importance 
of  fuel  in  the  iron  and  steel  industry.  This  old  saying 
is  no  longer  correct,  because  fuel  economies  in  the  pro- 


duction of  iron  and  steel  have  brought  the  relative  fuel 
consumption  down  to  such  an  extent  that  a  steel  plant 
can  now  be  located  with  justification  anywhere  between 
the  iron  ore  mines  and  the  coal  mines. 

In  European  steel  plants,  fuel  economy  has  played  a 
much  bigger  part  than  it  has  in -American  plants,  and 
rightfully  so,  because  on  the  European  continent  a  ton 
of  coal  is  worth  as  much  as  the  daily  wage  of  six  labor- 


lSl.S.tu  in  steam  to  itirbine 


J5?  Stuta  auxiliaries 

//714  titu.  toftntshinfl  mills 

^//  /*'■<"  Sttito  J>loorm&  mills 

^ill  B.tu.  in  stes^n  to 


iBtu 
/Coking  L033 


Heat  Balance  o^  an 
UivpconoTuical  5ta<?l 
Plant.  Based  on  One 
Pound  cf  Bnwhed  Steel 


Fig.  1 — Heat  balance  of  an  uneconomical  steel  plant  based  on  one  pound  of  finished  steel.  This  heat  balance  is  based  on 
SO  per  cent  scrap,  50  per  cent  cold  pig  iron  being  used  in  open  hearth  furnaces.  One-half  of  the  product  rolled  to 
1-in.  squares,  one-half  to  8-in.  beams.  1.13  lbs.  of  blooms  required  per  lb.  of  finished  steel;  1.25  lbs.  of  ingots;  0.675 
lbs.  of  pig  iron  plus  0.675  lbs.  of  scrap  per  lb.  of  finished  product.  2200  lbs.  of  coke  used  in  blast  furnaces  per  long 
ton  of  pig  iron  produced.  7,000,000  Btu.  required  in  open  hearth  per  long  ton  of  ingots  produced;  1,100,000  Btu. 
in  soaking  pits  per  ton  of  ingots;  4,500,000  Btu.  in  reheating  furnaces  per  ton  of  blooms  or  billets.  Mills  driven 
by  steam  engines,  150  lbs.  saturated  steam,  non-condensing.  All  auxiliaries  steam  operated.  Steam  blowing  en- 
gines,  non-condensing.     Beehive   coke   ovens.      (Note:     All  figures  represent  Btu.  per  lb.  of  finished  steel.) 
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ers,  whereas  in  the  United  States  it  is  worth  the  daily 
wage  of  one  laborer.  If,  to  save  a  ton  of  coal  per  day, 
we  must  put  on  an  extra  laborer,  we  have  saved  nothing, 
as  far  as  the  final  cost  of  steel  is  concerned ;  on  the 
other  hand,  an  European  plant  would,  by  the  same  proc- 
ess, save  five-sixths  of  the  cost  of  a  ton  of  coal  per  day. 
If  we  keep  these  facts  in  mind,  we  need  not  wonder 
at  the  different  views  which  European  and  American 
steel  works  managers  take  of  heat  economy  and  of  heat 
balances.     The  European  manager  studies  the  heat  bal- 


ance carefully,  trying  to  find  ways  and  means  for  saving 
a  few  more  heat  units.  The  American  manager  is  apt 
to  ask:  What  good  is  the  heat  balance  after  you  have 
it?  However,  that  happy  frame  of  mind  of  the  .Amer- 
ican steel  plant  manager  cannot  exist  forever,  partly  be- 
cause coal  prices  are  rising  steadily  and  partly  because 
consideration  of  national  resources  demands  better  fuel 
economy. 

From  the  standpoint  of  the  desirability  of   fuel  sav- 
ing, it  is  unfortunate  that  its  realization  requires  the  in- 
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Fig. 


2 — Heat  balance  of  an  average  steel  plant.  Based  on  one  lb.  of  finished  steel.  This  heat  balance  is  based  on  50  per 
cent  scrap,  50  per  cent  cold  pig  iron  being  used  in  open  hearth  furnaces.  One-half  of  the  product  rolled  to  1-in. 
squares,  one-half  to  8-in.  beams.  1.13  lbs.  of  blooms  required  per  lb.  of  finished  steel;  1.26  lbs.  of  ingots;  0.675  lbs. 
of  pig  iron  plus  0.675  lbs.  of  scrap  per  lb.  of  finished  product.  2200  lbs.  of  coke  used  in  blast  furnaces  per  long 
ton  of  pig  iron  produced.  6,000,000  Btu.  required  in  open  hearth  per  long  ton  of  ingots  produced;  1,000,000  Btu. 
in  soaking  pits  per  ton  of  ingots;  3,800,000  Btu.  in  reheating  furnaces  per  ton  of  blooms  or  billets.  Mills  driven 
by  steam  engines,  150  lbs.  saturated  steam,  20  in.  vacuum.  Blast  furnace  auxiliaries  steam  operated,  all  other 
auxiliaries  electrically  operated.  Electric  power  supplied  by  turbo-generator,  steam  blowing  engines  and  turbo- 
blowers, 150  lbs.  saturated  steam,  20-in.  vacuum.     (Note:     All  figures  represent  Btu.  per  lb.  of  finished  steel.) 
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Heat  Balance  of  an  Economical 
Steam  Operated  Steel  Plant 
Based  on  One  Pound  of  Finished  Steel 


^based'^on'To'ner  cent'sTrr' sn' nef.'^n^^^f 'f ''^  '•*"'  ?'""*•    ^^\^^  °"  °"^  ^^-  °^  fi"'^*'^^  ^'^^l-    This  heat  balance 
„--.  t  r„,?!^7„P^r  "nt  scrap,  50  per  cent  hot  pig  iron  being  used  in  open  hearth  furnaces.     One-half  of  the  prod- 

Tae  lbs  of  in^oi;  nfi^7r,h''  7"-^^"  *°  ^-}''-^^^T.l  ^-^3  P°""^^  °f  b'""'"^  ^^<5uired  per  lb.  of  finished  product; 
used  in'blasT&ces  ner  In°/t'5  "T  ?'"'  °"^  ^^l  °\  ^"^P  P"  P°""'^  °f  fi"'^'^^'^  P^°d"=t-  1.800  lbs.  of  coke 
ingots  produced  900  OOnRH.^fnr  V^'^  '>"  P'-O'J""^  4,800,000  Btu.  required  in  open  hearth  per  long  ton  of 
ton  of  Woom<f  nr  hm;f=  A  •  .  ^oa^^'^g  ?"«  Per  ton  of  ingots;  2,750,000  Btu.  for  reheating  furnaces  per  long 
Srnacesan?1n  nits  Mill, ^^?v'lh  °^  '°'''  °''?"  ^^''  ''^^^.*  ^"^"^"  S^^'  ^"^^  Producer  gas  is  used  in  reheatin| 
superheat    27  in  ^vnrnn!^      r1^  ^  economical  steam  engines,  operating  with  steam  at  200  lbs.  pressure,  100  deg 

s"eam  onerftld  othpr^ivi^  °  ^"^  ^"?'"f,'  '*^^™  "^li^^^"'  ^^™^  conditions  as  above.  Blast  furnace  auxiliaries 
presTure  100  d;^^nn.rh«.  ,r-  ^'"^"""y  operated.  Electric  power  supplied  by  turbo-generators,  200  lbs.  steam 
pressure,  100  deg.  superheat.  28-in.  vacuum.     (Note:     All  figures  represent  Btu.  per  lb.  of  finished  steel) 
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Heat  Balance  of  an  Economical 
Steel  Plant.   Based  on  One 
Pound  of  Finished   Ste&l. 


Fig. 


4— Heat  balance  of  an  economical  steam  plant.  Based  on  one  lb.  of  finished  steel.  The  heat  balance  is  based  on  50 
per  cent  scrap,  SO  per  cent  hot  pig  iron  being  used  in  open  hearth  furnaces.  ^One-half  of  the  product  rolled  to  l-m^ 
squares,  one-half  to  8-in.  beams.  1.13  lbs.  of  blooms  required  per  lb.  of  fimshed  product;  1.26  lbs  of  ingots,  0.675 
lbs.  of  pig  iron  plus  0.675  lbs.  of  scrap  per  lb.  of  finished  product.  1800  lbs.  of  coke  used  in  blast  furnaces  per  long 
ton  of  pi|  iron  produced.  4,800,000  Btu.  required  in  open  hearth  per  long  ton  of  ingots  produced;  900,000  Btu.  for 
soaking  pits  per  ton  of  ingots;  2,750,000  Btu.  for  reheating  furnaces  per  long  ton  of  blooms  or  billets  A  mixture 
of  cokl  oven  gas  and  blast  furnace  gas  is  used  for  reheating  furnaces  and  in  pits  Power  consumption  includes 
blast  furnace  auxiliaries,  rolling,  cranes,  lighring.  shears,  tables,  etc.  (Note:  All  figures  represent  Btu.  per  lb.  of 
finished  steel.) 
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vestment  of  considerable  capital  for  fuel  saving  equip- 
ment. In  the  investigation  of  the  problem,  to  what  ex- 
tent the  installation  of  such  equipment  pays,  several  steps 
are  required,  namely,  the  determination  of  (1)  how 
much  can  be  saved,  (2)  what  equipment  is  necessary  for 
that  purpose,  and  (3)  what  is  the  cost  of  that  equipment? 
For  a  clear  view  of  the  relations  affecting  items  (1)  and 
(2),  nothing  is  as  helpful  as  a  series  of  heat  balances  of 
various  plants  with  different  equipment  and  different 
modes  of  operation. 

Figs.  1,  2,  3  and  4  are  such  heat  balances.  They  are 
ideal  heat  balances  and  probably  fit  no  one  steel  plant 
in  existence.  By  that  statement  is  meant  that  in  one 
plant  the  blast  furnace  be  more  economical,  and  the  open 
hearth  less  economical ;  in  another  plant,  the  pig  to  scrap 
ratio  of  the  open  hearth  furnace  will  be  different  from 
the  value  upon  which  the  ideal  heat  balances  were  based  ; 
in  still  another  plant,  heating  furnace  practice  may  dif- 
fer from  the  assumptions,  and  so  on.  Nevertheless,  the 
heat  balances  are  representatives  of  different  types  of 
plants  and  are  comparative.  They  were  computed  by 
Mr.  J.  D.  Keller  under  the  direction  of  the  author. 

Enough  data  are  given  with  each  set  to  judge  the 
assumptions  upon  which  each  balance  is  based.  Ac- 
cordingly, very  little  comment  is  necessary.  The  fol- 
lowing remarks  may,  however,  be  helpful.  Fig.  1  shows 
the  distribution  of  heat  in  a  type  of  plant  which  was 
quite  common  25  years  ago,  when  coal  floated  down  in 
barges  on  the  Monongahela  River  at  65  cents  per  ton. 
The  coking  loss  of  the  beehive  ovens  is  included.  On 
the  basis  of  coal  with  a  heating  value  of  13,000  Btu.  per 
pound,  a  plant  of  that  type  used  2^4  pounds  of  coal  per 
pound  of  finished  steel.  If  sheet  mills  or  wire  mills  are 
added,  the  additional  reheating  and  the  increased  power 
consumption  require  additional  coal. 

Fig.  2  is  the  heal  balance  of  what  may  be  termed  an 
average  American  steel  plant.  This  term  does  not  sig- 
nify the  average  plant  as  it  is  being  built  today,  but  the 
average  of  those  which  are  now  in  existence.  The  plant 
is  assumed  to  have  a  by-product  coking  plant  All  mills 
are  driven  by  steam  engines,  but  most  of  the  auxiliary 
equipment  has  been  electrified.  .\  rather  poor  vacuum 
has  been  assumed,  because,  with  engines  and  with  long 
lines  of  barometric  condensers,  the  equipment  is  some- 
what difficult  to  maintain  and  is  frequently  neglected. 
On  the  basis  of  13,000  Btu. /lb.  of  coal,  the  coal  con- 
sumption per  pound  of  finished  steel  equals  1^-2  pounds. 
This  particular  heat  balance  will  probably  be  criticized, 
because  every  steel  works  engineer  who  goes  over  it  will 
notice  that  his  own  plant  difTers  in  this  or  that  from  the 
conditions  of  the  ideal  average  plant  and  will  feel  that 
some  changes  should  have  been  made  to  adapt  the  heat 
balance  to  that  plant  in  which  he  is  interested 

Fig.  3  was  drawn  for  a  type  of  plant  of  which  there 
is  probably  none  in  existence  today.  It  demonstrates 
what  can  be  done  in  a  plant  in  which  excellent  practice 
exists  with  regard  to  the  blast  furnace,  the  open  hearth, 
the  heating  furnaces,  and  boilers,  and  in  which  steam 
engines  operated  at  high  pressure  and  with  superheat  are 
used  for  all  the  main  drives  and  for  blowing  purposes, 
it  being  understood  that  all  auxiliarv  equipment  is  elec- 
trically operated.  The  fuel  consumption,  under  these 
conditions,  comes  down  to  1.065  pounds  of  coal  per 
pound  of  finished  steel. 

Fig.  4,  finally,  shows  what  can  be  done  if  a  blast 
furnace  and  steel  plant  are  equipped  with  the  most  eco- 
nomical equipment  known  and  are  operated  in  the  most 
economical    manner.      The   only    fuel    saving   equipment 


which  is  not  included  in  Fig.  4  is  that  of  waste  heat  boil- 
ers on  the  gas  engines.  The  plant  is  equipped  with  gas 
blowing  engines  and  with  gas-electric  engines  in  a  man- 
ner similar  to  the  Gary  works  of  the  Illinois  Steel  Com- 
pany, or  to  the  Minnesota  Steel  Company  in  Duluth. 
Using  again  the  value  of  13,000  Btu./lb.  of  coal,  we  find 
that  the  coal  consumption  has  been  reduced  to  0.89 
pounds  per  pound  of  iinished  steel.  Compared  to  the  un- 
economical plant,  the  fuel  saving  (figuring  coal  at  $3  per 
net  ton)  equals  $4.50  per  gross  ton  of  finished  steel. 

A  few  words  should  be  said  about  the  extent  to  which 
the  heat  balances  apply  to  actual  conditions.  They  do 
not  take  care  of  fuel  for  the  yard  engines,  neither  do  they 
include  fuel  for  auxiliary  shops  such  as  roll  turning 
shops,  pattern  shop,  machine  shop,  and  foundry.  They 
do  not  include  .Sunday  losses    due    to    bleeding    of    gas 


Heat  balances  of  blast  furnace  and  of  steel 
plants  form  one  of  the  subjects  of  instruction 
in  Prof.  Trinks'  class  in  the  "Mechanical  En- 
gineering of  Steel  Works,"  given  in  the  night 
school  at  the  Carnegie  Institute  of  Technology 
during  the  coming  winter.  The  course  in- 
cludes the  mechanical  engineering  of  the  blast 
furnace,  the  mixer,  the  converter,  the  open 
hearth,  heating  furnaces,  rolling  mills,  and 
forge  plants.  It  does  not  include  roll  pass 
design. 

which  cannot  be  used.  Neither  do  they  include  coal  for 
heating  in  the  winter.  These  additional  fuel  require- 
ments vary  from  plant  to  plant.  They  may  tentatively 
be  estimated  to  equal  one-tenth  pound  of  coal  per  pound 
of  finished  steel. 

The  heat  balances  are  worthy  of  some  study.  They 
show  that  in  every  case  additional  coal  must  be  used 
besides  that  which  is  being  delivered  to  the  coke  works. 
If  a  leaner  ore  is  used,  the  coke  consumption  per  ton 
of  pig  iron  rises,  and  a  point  is  reached  where  no  addi- 
tional coal  is  needed.  That  condition  exists  in  most  of 
the  Southern  plants  in  the  United  States.  If  the  ore  is 
still  leaner,  there  may  be  an  excess  of  heat  available, 
particularly  if  more  pig  iron  and  less  scrap  are  used  in 
the  open  hearth  than  is  indicated  in  the  heat  balance. 

It  is  interesting  to  note  that  a  plant  which  uses  steam 
engines  all  the  way  tlirough,  with  the  exception  of  aux- 
iliary equipment,  can  be  made  very  economical,  provided 
the  rest  of  the  equipment  and  operation  is  conductive  to 
economy.  If  the  power  is  generated  in  large  steam  tur- 
bines and  is  distributed  electrically  there  will  be  an  addi- 
tional fuel  saving,  but  it  can  only  be  slight,  which  fact 
will  readily  be  seen  from  comparison  of  heat  balances 
(3)  and  (4).  It  must  be  remembered  that,  in  the  latter 
case,  both  the  blowing  engines  and  the  electrical  engines 
are  of  the  most  economical  type  in  existence. 

The  fuel  economies  which  differentiate  heat  balance 
No.  4  from  heat  balance  No.  1  are  not  confined  to  any 
one  part  of  the  works.  They  are  the  sum  of  heat  econo- 
mies in  the  blast  furnace,  in  the  mixer,  in  the  open 
hearth  furnace,  in  the  heating  furnaces,  in  the  mill,  and 
in  the  generation  and  use  of  power.  In  the  introduction 
of  fuel  saving  devices,  steel  works  managers  will,  of 
course,  first  turn  to  those  parts  of  their  plant  in  which 
the  greatest  saving  can  be  made  with  the  least  expendi- 
ture of  money  and  effort. 

Going  back  to  the  first  paragraph  of  this  article,  con- 
cerning  location   and    type    of    steel   plants,   we   observe 
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that,  orig^inally,  blast  furnaces  and  steel  plants  were 
located"  near  the  fuel.  In  the  United  States  that  location 
was  principally  the  Pittsburgh  district.  In  consequence, 
we  have  in  that  district  a  large  number  of  plants  with 
old,  very  uneconomical  equipment.  Coincident  with  en- 
gineering progress,  fuel  economies  were  developed,  and 


new  plants  could  move  away  from  the  fuel  in  the  same 
measure  in  which  such  economies  were  introduced.  Ac- 
cordingly, we  lind  tile  latest  and  best  e(|uippcd  plants  not 
in  the  Pittsburgh  district,  but  elsewhere.  In  time,  the 
original  steel  plants  in  that  district  will  doubtless  be  re- 
modeled and  be  made  more  economical. 


The  Heat  Treatment  of  Coke 

The  Effect  the  Improper  Heat  Treatment  of  Coke  Has  Upon  Caus- 
ing  "Cahco"   Gas  and   Other   Difficulties  in   the   Blast   Furnace. 

By  S.  R.  GREENE 
Superintendent  of  Blast  Furnaces,  The  Otis  Steel  Company 


CUK1'~  quality  ha.s  been  greatly  improved  during 
last  few  years  by  the  use  of  certain  methods  of 
heat  treatment  of  the  coal  charge  during  the 
coking  process  within  the  coke  oven. 

Practically  no  constructive  work  has  been  done  as 
to  the  proper  heat  treatment  of  the  coke  after  it  has 
been  pushed  out  of  the  oven  in  a  highly  heated  condi- 
tion. Almost  every  other  article  produced  in  a  highly 
heated  condition  is  very  carefully  cooled  or  annealed 
to  prevent  loss  or  to  secure  excellence  of  finished 
quality. 

The  sudden  chilling  of  any  highly  heated  article 
results  in  certain  peculiar  physical,  chemical  or  mole- 
cular conditions.  Cooling  slowly  to  a  predetermined 
temperature  and  then  quickly  chilling  causes  other 
properties  to  develop  peculiar  to  the  temperature  used. 
Cooling  slowly  to  a  complete  chill  exhibits  still  other 
phenomena.  These  various  conditions  have  been 
thoroughly  investigated  and  are  made  use  of  in  the 
production  of  ceramic,  glass,  iron,  steel,  chemical 
products,  etc. 

How  about  coke?  In  general  about  the  only  con- 
trolling feature  in  the  treatment  of  coke  after  it  has 
been  pushed  out  of  the  ovens  in  a  highly  heated  con- 
dition, is  that  the  customer  objects  to  paying  for  water 
and  the  freight  upon  that  water.  The  customer  ad- 
mits that  the  coke  must  be  cooled  to  prevent  burning 
away  in  the  open  air  and  generally  agrees  to  pay  for 
not  over  3  per  cent  of  water. 

This  is  a  fortunate  condition  as  it  requires  the  coke 
piDclucer  to  limit  the  amount  of  water  used  in  quench- 
ing in  order  to  stay  within  the  ?>  per  cent  limit  or  else 
an  enormous  amount  of  coke  would  be  ruined  except 
at  coke  plants  where  there  is  a  scarcity  of  water.  The 
laws  of  Nature  also  tend  to  prevent  the  ruining  of  a 
great  deal  of  coke  due  to  the  fact  that  when  water  is 
soused  upon  a  body  of  hot  coke  that  there  is  a  great 
evolution  of  steam  as  the  water  penetrates  the  coke 
mass.  This  steam  in  escaping  tends  to  prevent  much 
water  from  penetrating  deeply  into  the  coke  mass  so 
that  what  water  and  steam  does  penetrate,  cools  the 
interior  of  the  coke  mass  sufficiently  to  prevent  burn- 
ing away  but  fortunately  leaves  it  hot  enough  to  im- 
part its  excess  heat  back  to  the  outer  chilled  over- 
quenched  portions  of  the  coke  mass  and  by  the  anneal- 
ing process  thus  set  up  a  large  part  of  ruined  coke  is 
restored  to  proper  quality. 

With  the  development  of  larger  oven  capacity  came 


the  requirement  of  larger  quenching  car  capacity.  En- 
gineering difiiculties  necessitated  the  increase  of  car 
capacity  by  depth  of  coke  volume  instead  of  increased 
length  of  car.  The  deeper  the  coke  mass  the  greater 
difficulty  for  the  quenching  water  to  penetrate  deeply, 
thus  accidentally  less  coke  was  ruined  in  the  quench- 
ing process. 

These  conditions  of  customer's  objections  to  pay- 
ing for  water  and  the  deeper  coke  mass  in  the  quench- 
ing car  have  prevented  the  production  of  an  excessive 
jjroportion  of  chilled  or  over-quenched  coke,  yet  it 
is  probable  that  every  oven  pushed  into  a  quench- 
ing car  contains  a  considerable  portion  of  ruined  coke, 
not  enough  to  cause  a  disastrous  effect  upon  the  blast 
furnace,  yet  enough  to  appreciably  affect  the  coke  con- 
sumption, as  enough  extra  coke  must  be  used  to  make 
up  for  the  over-quenched  part  of  the  charge. 

When  over-quenched  coke  is  charged  into  a  blast 
furnace  the  first  effect  will  be  noticed  at  the  stoves 
and  boilers  where  the  furnace  gas  is  burning,  when 
such  coke  has  reached  a  depth  of  15  to  20  feet  below 
the  stock  line,  the  burning  gas  begins  to  show  what 
is  known  as  "calico"  gas.  This  is  a  flame  throughout 
which  there  are  numerous  small  bright  independent 
flames  having  a  curly  or  wormlike  appearance.  As 
the  charging  of  over-quenched  coke  continues  the  gen- 
eral flame  of  the  burning  gas  is  replaced  by  a  white 
smokey  gas  or  fume  throughout  which  the  small  worm- 
like flames  continue  to  burn,  this  is  followed  by  a 
dense  white  smokey  gas  or  fume  that  does  not  burn 
at  all  in  the  boiler  fire  boxes  or  furnaces,  though  it 
may  burn  out  the  top  of  the  boiler  stacks.  The  stoves 
show  no  evidence  of  this  gas  as  burning,  though  it  must 
burn  high  up  in  the  combustion  chamber  because  the 
stove  gains  heat  while  on  gas. 

In  these  later  stages  the  furnace  gas  is  found  to 
contain  high  percentages  of  carbon  monoxide  with 
corresponding  reduced  carbon  dioxide  content. 

Immense  volumes  of  dense  white  gas  are  emitted 
from  the  boiler  and  stove  stacks  giving  somewhat  the 
appearance  of  a  furnace  that  is  excessiveh'  hot.  The 
furnace  itself  becomes  cold  at  the  hearth  and  produces 
cold  off  grade  iron. 

The  logical  conclusion  is  that  the  over-quenched 
coke  contains  carbon  of  such  a  quality  that  it  readily 
combines  with  the  carbon  dioxide  gases  at  compara- 
tively low  temperatures  near  the  top  of  the  furnace. 
The  reason  that  the  furnace  goes  cold  at  the  hearth  is 
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that  out  enough  carbon  gets  down  to  the  tuyeres  to 
keep  it  hot,  and  the  reason  that  not  enough  carbon  gets 
down  to  the  tuyeres  is  that  a  good  deal  of  it  has  gone 
out  the  top  of  the  furnace  in  form  of  carbon  monox- 
ide gas. 

It  is  reasonable  to  expect  that  every  coke  plant 
using  the  regular  accidental  heat  treatment  of  quench- 
ing ni  a  quenching  car,  produces  percentages  of  coke 
that  when  chaiged  into  the  blast  furnace  quickly 
makes  its  escape  from  the  furnace  in  form  of  carbon 
monoxide  gas.  While  the  percentage  may  be  small, 
it  is  nevertheless  lost  for  metallurgical  purpose. 

There  is  a  prevailing  idea  that  the  percentage  of 
moisture  in  coke  determines  whether  the  coke  was  or 
was  not  properly  quenched. 

The  falsity  of  this  itiea  was  proven  several  years 
ago  by  experiments  extending  over  a  period  of  several 
months-  The  experiment  consisted  of  pushing  16-inch 
ovens  producing  6  to  8  tons  into  two  quenching  cars 
so  that  the  effect  of  various  depths  of  coke  volume 
with  regard  to  quenching  could  be  noted.  With  a  thin 
bed  of  coke  about  18  inches  deep  along  the  discharge 
side  of  the  cars,  by  passing  the  cars  slowly  under  a 
quenching  nozzle,  quenching  to  blackness  but  still 
leaving  the  coke  hot  enough  so  that  the  moisture  was 
driven  off  within  a  few  minutes,  over-quenched  coke 
of  less  than  3  per  cent  moisture  content  was  obtained. 
Under  same  conditions  passing  the  cars  quickly  under 
nozzle  and  using  the  least  amount  of  water  that  would 


prevent  the  coke  from  burning  which  left  the  coke  at 
a  low  red  heat,  then  allowing  the  coke  to  cool  to  black- 
ness by  atmospheric  cooling  and  finally  sousing  to  a 
complete  chill,  the  resulting  coke  while  it  contained 
12  to  14  per  cent  moisture  showed  no  evidence  of  over- 
quenching  when  used  in  the  blast  furnace. 

In  ordinary  practice  the  coke  may  be  piled  high  in 
parts  of  the  quenching  car  and  low  in  other  parts,  very 
irregularity  of  quenching  may  be  produced  in  one  car 
with  detriment  to  a  portion  of  the  coke. 

During  the  period  of  these  experiments  over- 
quenched  coke  was  deliberately  produced  and  charged 
into  the  blast  furnace  with  the  results  already  de- 
scribed. 

Though  the  preceding  comments  refer  to  by-prod- 
uct coke  methods,  the  beehive  producer  frequently 
ships  out  coke  that  causes  the  production  of  "calico'" 
gas  and  furnace  difficulties,  though  in  general  using  an 
entirely  different  method  of  quenching  the  coke. 

Great  improvement  in  quality  or  quantity  of  per- 
fect product  has  been  accomplished  in  the  manufacture 
of  many  articles  by  using  rational  methods  of  heat 
treatment  and  there  is  no  doubt  that  great  improve- 
ment in  metalurgical  coke  can  be  expected  as  soon  as 
some  intelligent  heat  treatment  is  devised  in  place  of 
the  present  crude  accidental  methods  forced  upon  the 
coke  producer  by  commercial  and  engineering  con- 
ditions. 


Pyrophoric  Flue  Dust 

Abstract  of  a  Preliminary  Report  on  a  Study  at  Wissen  to  the 
Blast  Furnace  Committee  of  the  German  Eisenhiittenlente  (Iron 
and  Steel  Institute). 

By  DIPL.  ING.  J.  W.  GILLES,  Wissen 
Stahl  und  Eisen,  June  28,  1922 


IT  has  been  noticed  for  decades  that  the  fine  dust  de- 
posited in  the  gas  passages  of  the  stoves  will  glow 
on  exposure  to  air ;  and  this  property  now  demands 
special  attention  because  of  the  difficulties  it  otfers  in 
dry  cleaning  the  gas  by  filtering.  Whole  chambers  were 
burned  out  when  changing  tubes  if  they  stood  open  too 
long.  This  difficulty  has  been  overcome  by  quick  work 
in  changing  tubes  and  keeping  air  away  from  the  dust. 
The  filtered  gas  is  very  clean  and  burns  with  a  clear  blue 
flame. 

Whenever  the  top  temperature  is  high,  streams  of 
sparks  escape  which  consist  mainly  of  reduced  metal; 
and  similar  sparks  show  when  cleaning  the  sacks  near- 
est to  the  furnace,  while  the  main  bulk  of  the  dust  lies 
unburnt  although  it  contains  some  15  per  cent  of  car- 
bon. This  sparking  is  a  different  matter  from  the  quality 
of  the  dust  in  igniting  itself.  Pyrophoric  dust  is  found 
even  in  the  coarser  material  deposited  close  to  the  fur- 
nace. This  dust,  especially  when  the  blast  is  low,  will 
begin  after  some  time,  hours  or  days,  to  burn  and  this 
action  is  intensified  bv  stirring,  and  is  stronger  the  finer 


.Abstracted    hy    S     L,    Goocl-ile.    Professor    of    Metallurgy, 
School  of  Mines.  University  of  Pittshnrgli. 


the  dust.  The  filtered  material  contains  the  finest  dust 
and  shows  the  property  most  strongly.  A  cubic  meter 
of  the  filtered  dust  weighs  from  260  to  350  kilos  against 
1,500  kilos  for  the  raw  flue  dust.  I^'ineness  is  thus  an 
important  recpiirement  of  pyrophoric  dust.  When  the 
Wissen  flue  dust  is  strongly  compressed  into  cakes  with 
a  slaty  cleavage,  the  flame  of  a  Hunsen  biu-ner  will  ignite 
only  so  much  of  the  cake  as  is  in  direct  contact  with  the 
flame,  the  combustion  not  spreading  further. 

The  extremely  fine,  loose  dust  is  dra«'n  from  the 
filter  tubes  at  about  80  deg.  to  90  deg.  into  a  collector 
vessel,  often  being  taken  from  this  vessel  barely  warm 
to  the  hand.  There  then  follows  a  lively  temperature  in- 
crease which  usually  on  stirring  starts  a  glowing.  The 
blue  gray  color  of  the  dust  in  burning  changes  to  reddish 
and  an  unpleasant  suffocating  vapor  is  given  off.  COo 
and  ammonia  are  present  and  a  very  fine  white  fume 
which  has  the  characteristic  evil  odor  of  the  dust,  but 
which  is  very  difficult  to  filter  or  precipitate  out. 

If  the  filtered  dust  is  allowed  to  cool  awav  from  air 
it  can  later  be  exposed  to  the  air  without  igniting  itself. 
The  flame  of  a  match  will  ignite  this  dust  and  the  glow- 
ing will  then  extend  by  zones  throughout  the  whole  mass. 
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The  ignition  temperature  of  this  dust  is  167  deg.  to  220 
deg.,  the  higher  figure  being  for  an  old  sample,  fresh 
dust  kindling  more  easily.  The  temperatures  cannot  be 
determined  very  exactly,  but  the  dilTerence  shows  that 
the  dust  loses  on.  storage  something  of  its  self-igniting 
quality.  The  dust  is  sold  as  a  potash  fertihzer  and  some- 
times will  start  burning  slowly  in  the  storage  sheds  when 
stirred  up  as  in  shipping. 

The  highest  temperature  reached  in  this  combustion 
is  600  deg.  A  bomb  calorimeter  test  showed  473  calories 
evolved  per  gram  of  dust,  but  this  figure  is  probably  high, 
as  the  oxidation  in  the  bomb  goes  to  a  higlier  stage  than 
in  air. 

If  the  filtered  dust  is  heated  in  iUuminating  gas  or 
hydrogen  the  white  vapor  and  bad  smell  come  off,  and  if 
the  heating  were  enough,  the  dust  glows  on  exposure 
to  air.  Some  hours  heating  above  200  deg.  in  CO;  causes 
slow  oxidation  and  changes  the  color  to  red.  The  pyro- 
phoric  character  disappears. 

From  several  tables  of  analyses  of  various  flue  dusts 
gathered  for  comparison,  some  being  pyrophoric  and 
others  not,  no  conclusion  could  be  reached  as  to  which 
constituent  caused  the  pyrophoricity. 

Some  3  per  cent  of  iron  is  present  in  the  Wissen  flue 
dust,  but  no  magnetic  particles  occur,  and  none  can  be 
identified  as  metal.  The  sudden  burning  of  a  dust  at  the 
Nennkirchnir  works  ordinarily  not  pyrophoric  was  due 
to  metallic  iron,  but  there  some  24  per  cent  was  present. 
Further  experiments  showed  that  neither  zinc  nor  car- 
bon was  a  probable  cause  of  self-ignition. 

The  managnese  content  at  Wissen  and  at  some  other 
places  is  remarkably  high  and  Erdmann  states  that  finely 
divided  MnO  will  oxidize  in  air.  The  Mn  is  present  in 
part  in  the  flue  dust  as  free  MnO,  a  part  of  which  on 
burning  is  oxidized  to  a  higher  oxide.  MnO  produced 
by  heating  MnCOj  in  CO^  and  in  illuminating  gas 
showed  strongly  pyrophoric,  the  ignition  temperature  in 
both  cases  being  182  deg.  It  may  be  concluded  therefore 
that  free  MnO  is  present  in  tlie  dust  and  is  the  cause  of 
the  pyrophoric  property.  At  the  Burbacher  works  the 
dust  was  especially  pyrophoric  when  gases  from  a  ferro- 
manganese  furnace  were  added  to  gas  from  a  furnace  on 
basic  Bessemer  iron.  Analysis  of  some  recent  dust  from 
Wissen  that  was  but  little  pyrophoric  showed  less  Mn 
and  less  S  as  sulfid,  and  more  iron  than  in  strongly 
pyrophoric  dust.  It  has  been  observed  by  the  gas  clean- 
ers that  with  higher  gas  pressures  the  dust  is  less  pyro- 
phoric. Other  dust  samples  high  in  manganese  but  not 
pyrophoric  are  shown  not  to  contain  free  MnO,  but  to 
become  pyrophoric  when  heated  to  500  deg.  in  a  reduc- 
ing gas,  the  ignition  temperature  then  being  2C)0  deg.  to 
270  deg. 

The  Wissen  dust  shows  a  high  sulfid  S  content,  which 
on  burning  goes  over  to  sulphate,  but  the  ignition  tem- 
perature of  dry  fine  iron  sulfid  is  350  deg.  to  370  deg. 

The  conclusion  is  reached  that  MnO  is  the  chief 
cause  of  the  pyrophoric  quality  of  the  Wissen  dust;  also 
that  while  the  fresh  warm  dust  will  ignite  spontaneoush' 
the  dust  cooled  away  from  air  will  not  ignite  until 
heated  to  180  deg.  because  of  superficial  oxidation. 
Other  oxidizable  bodies  strengthen  the  phenomenon 
when  once  started  by  their  evolution  of  heat.  Also  it  is 
possible  that  some  constituents  of  the  dust  act  catalyti- 
cally  to  strengthen  the  pyrophoric  quality  of  MnO. 

Director  Harr  of  Hordee  reported,  in  discussing  Dr. 
Gilles'  paper,  that  their  chief  chemist  had  carried  on  in- 


vestigations wliicli  made  it  seem  probable  that  MnO,  or 
still  more  likely  FeO,  was  the  real  cause  of  the  spon- 
taneous combustion.  Certain  samples  of  flue  dust  were 
treated  so  as  to  remove  all  other  possible  pyrophoric  con- 
stituents except  the  FeO  and  were  then  found  to  have 
just  the  same  pyrophoric  qualities  as  before  the 
treatment. 


THE  MARCONNET  FUSED-ASH   GAS  PRO- 
DUCER FOR  GAS-COKE  SMALLS. 

A  review  is  given  of  a  paper  recently  contributed  to 
the  annual  conference  of  the  Societc  de  ITndustrie  du 
Gaz  en  France,  by  M.  G.  Riviere. 

It  would  appear  that  to  fuse  the  ash,  high  tempera- 
tures are  essential,  and  application  has  been  made  by  a 
French  company  of  the  ideas  advocated  by  M.  Mar- 
connet. 

The  chargers  art  at  the  top,  the  upper  part  being  of 
refractory  brickwork,  whilst  the  lower  j)resents  water- 
jackets,  which  allow  a  scries  of  orifices  for  cold  air  blast, 
for  poking-up,  and  for  steaming.  There  is  also  an  ar- 
rangement for  knocking  the  mass  together.  The  gas 
produced  emerges  at  the  top,  and  is  freed  from  dust  by 
a  bafifler. 

The  various  cokes  used  \arietl  in  their  percentage 
of  ash,  and  particulars  are  given  of  the  results  obtained, 
which  were  perfectly  satisfactory. 

Gas-coke  smalls  can  be  gasified  by  a  cold  blast, 
scurfing  becomes  unnecessary,  and  the  fused  ash  gran- 
ulates beautifully  when  falling  into  water.  The  thermic 
efficiency  is  good  ,the  latent  heat  of  the  gas  being  71.4 
per  cent,  and  its  sensible  heat  12  per  cent  of  the  heating 
value  of  the  coke  used.  Coke-smalls  are  enabled  to  be 
used  up  in  the  gas  works,  instead  of  the  larger-sized 
coke  usually  employed  in  the  producers. 


CONSTRUCTION    PROPOSALS    FOR    THOMAS 
CONVERTER 

Bruno  V'ersen,  in  a  recent  issue  of  Stahl  und  Eisen, 
has  the  following  to  say  regarding  the  Thomas  con- 
verter: 

A  great  defect  in  the  Thomas  process  is  the  amount 
uf  losses ;  these  it  has  been  proposed  to  avoid  by  reduc- 
ing the  period  under  blast.  The  losses  are  due,  gen- 
erally, to  the  fact  that  the  convertors  are  too  small  for 
what  the)-  are  supposed  to  hold,  and  also  to  excessive 
blast  pressure.  In  the  effort  to  equate  the  necessarj' 
amount  of  blast  to  meet  the  continually  increased 
charges,  the  pressure  has  been  raised  to  2^/2  atmos- 
pheres and  mire,  instead  if  enlarging  the  cross-section 
of  the  convertor;  the  amount  of  blast  is  then  increased 
in  such  a  way  as  to  obtain  steady  working.  The  whole 
cross-section  should  bear  a  certain  minimum  propor- 
tion of  the  surface  under  blast,  represented  by  the 
nozzles  at  the  bottom  :  this  minimum  proportion  should 
be  3y2. 

The  blast  jiressure  should  be  calculated,  commenc- 
ing with  the  indispensable  volume  required,  and  the 
total  nozzle  section  necessary  to  deal  with  same,  not 
forgetting  the  considerable  resistance  loss,  which  is 
estimated  to  be  not  under  60  per  cent. 

In  estimating  pressure,  one  has  to  consider  the 
charge  of  iron  and  slag,  as  well  as  a  certain  surplus 
pressure,  for  which,  to  ensure  the  escape  of  the  blast, 
and  also  a  working  reserve,  allowance  must  be  made. 
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New  Plate  Mill  For  Granite  City  Plant 

The  National  Enameling  &  Stamping  Company  Has  Ordered 
from  the  United  Engineering  &  Foundry  Company  Modern  Plate 
Mill  Equipment. 

By  M.  E.  GRIFFIN 


THE  National  Enameling  &  Stamping  Company 
located  at  Granite  City,  near  St.  Louis,  Mo.,  have 
recently  placed  an  order  with  the  United  Engineer- 
ing &  Foundry  Company  for  complete  new  plate  mill 
equipment.  The  plans  for  this  new  plate  mill  are  of 
more  than  usual  interest  because  of  the  fact  that  many 
important  improvements  are  incorporated  in  its  design. 
The  company  has  at  present  a  two-high  engine- 
driven  plate  mill.  To  the  approach  table  of  this  mill 
they  are  adding  a  furnace  table  43  ft.  9  in.  long  with 
12  X  41  in.  rollers  driven  by  a  40-hp.  motor.  The  slab, 
or  ingot,  is  discharged  from  a  continuous  furnace  to 
this  table  from  which  it  is  fed  to  the  two-high  mill 
where  it  is  roughed  into  slabs  of  a  thickness  that  de- 
pends upon  the  thickness  of  the  finished  plate. 

Part  of  the  old  leveller  approach  table  is  to  be  re- 
moved and  in  its  place,  the  new  three-high  plate  mill 
and  mill  tables  will  be  located. 

The  top   and   bottom   rolls  of  this   mill   are   34  in. 


diameter,  the  middle  roll  22  in.  diameter  and  the  face 
of  all  three  is  100  in.  Plates  from  No.  10  gauge  to  IJ^ 
in.  thickness  will  be  rolled.  Frequent  roll  dressing  is 
lequired  in  order  to  keep  a  smooth  surface  on  the  fin- 
ished plate  and,  to  redress  the  rolls,  they  are  removed 
from  the  mill  and  re-turned  and  ground. 

A  new  design  middle  roll  operating  rig  is  being 
furnished,  the  main  feature  of  which  is  the  ease  with 
which  roll  changing  is  accomplished.  In  this  design, 
the  arms  carrying  the  middle  roll,  and  hydraulically 
operated,  are  not  removed  from  the  mill  but  are  dis- 
engaged from  the  roll  and  rocked  back  from  the  mill 
towards  the  table,  leaving;  the  entire  window  opening 
unobstructed. 

The  top  roll  is  balanced  by  means  of  a  hydraulic 
cylinder  placed  above  and  connected  to  the  balance 
beam  and  roll  bearings  by  easily  removable  hanger 
bars. 

A  60-hp.    motor   is    required    for   the    screw    down 
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Fig.   1 — Plan  of  the  new  plate  mill. 
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Fig.  2 — General  arrangement  of  pinion  stands  and  flywheel. 


which  is  of  the  worm  and  worm  wheel  type.  In  order 
to  keep  the  space  between  the  entire  length  of  the  rolls 
the  same  so  as  to  insure  uniform  thickness  of  plate,  a 
clutch  is  used  in  the  worm  shaft  so  that  one  screw 
may  be  operated  independently  of  the  other.  This  ad- 
justment must  be  close  and  be  made  frequently.  A 
hydraulic  cylinder  permits  operation  of  this  clutch  by 
simply  opening  a  valve  placed  in  the  pulpit  or  other 
convenient  location. 

An  8  in.  accumulator  of  about  5  foot  stroke  to  main- 
tain 500  pounds  per  square  inch  water  pressure  is  fur- 
nished for  the  operation  of  the  cylinders. 

The  pinions  are  cut  with  double  helical  teeth  and 
arranged  so  that  4^  to  1  speed  reduction  is  attained, 
eliminating  a  separate  gear  reduction  set,  and  there- 
fore considerably  reducing  the  floor  space. 

The  heavy  flywheel  provided  to  take  care  of  the 
main  peak  load  is  cast  steel  of  the  umbrella  or  mush- 
room type  and  a  Tod  type  universal  spindle  connects 
it  to  the  main  driving  pinion.  The  flywheel  is  con- 
nected to  the  motor  by  a  flexible  coupling.  The  motor 
is  3000-hp.,  2200-volt,  3-phase,  induction  type  with  a 
speed  of  235  rpm.,  giving  a  mill  speed  of  52  rpm. 

In  a  three-high  plate  mill  the  slab  is  passed  first 
between  the  bottom  and  middle  rolls,  with  the  middle 
roll  held  up  against  the  top  roll  by  the  aforementioned 
operating  rig ;  the  middle  roll  is  then  lowered  and  the 
piece  raised  by  the  table  and  passed  back  between  the 
top  and  middle  rolls,  the  middle  roll  being  in  contact 
with  the  lower  roll.  The  middle  roll  is  then  raised,  the 
tables  lowered  and  another  lower  pass  made  and  this 
is  repeated  until  the  plate  is  of  desired  thickness.  To 
accomplish  this  raising  and  lowering  of  piece,  tilting 
tables  are  used.    The  old  type  of  cast  table  girder  has 


been  discarded  and  a  rolled  steel  slab,  machined  to 
an  I  section,  used.  Each  of  the  tilting  tables  is  27  ft. 
6  in.  long  with  17  disc  type  rollers  driven  by  an  80-hp. 
motor.  The  mitre  gears  are  forged  steel  with  cut  teeth. 
Contrary  to  the  older  designs,  there  is  but  one  line 
shaft  and  one  motor  on  each  table.  The  tilting  tables 
are  roller  bearing  equipped. 

These  tables  are  operated  by  our  patented  air  hy- 
draulic system.  The  ends  farthest  from  the  mill  are 
supported  on  massive  rocker  stands  or  trunions  while 
the  mill  end  is  carried  on  levers  mouTited  on  shafts. 
By  means  of  hydraulic  cylinders  operating  through 
levers  on  the  outer  ends  of  these  shafts  and  connected 
by  a  link,  the  tables  are  balanced. 

These  cylinders  are  piped  to  a  vertical  tank  par- 
tially filled  with  water.  The  upper  end  of  this  tank 
carries  air  at  a  sufficient  pressure  to  balance  the  tables 
in  mid-position.  Two  series  connected  100  hp.  motors 
geared  to  the  lever  mechanism  serves  to  operate  the 
tables.  When  lowered,  the  water  is  forced  from  the 
cylinders  into  the  tank,  further  compressing  the  air. 
This  results  in  an  over-balance,  cushioning  the  tables 
at  the  bottom  of  their  down  stroke  and  relieving  the 
motors  of  part  of  their  work  in  starting  the  up-stroke. 
As  they  rise  the  pressure  lowers,  decelerating  them 
towards  the  end  of  the  stroke  and  leaving  them  under- 
balanced.  This  underbalance  operates  to  help  start 
the  tables  downward. 

Two  plate  shears  are  also  to  be  installed.  One  is 
a  No,  6  108  in.  with  a  capacity  to  cut  lyii,  in.  plate,  and 
the  other  a  No.  4  156  in.  for  cutting  9/16  in.  plate. 
These  shears  are  equipped  with  oil  gags,  but  are  so 
arranged  that  magnetic  holddowns  mav  be  added. 
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Special  Drive  Designed  For  Plate  Mill 

Main   Motor  Drive  for   New   100-in.   3-High   Plate  Mill  for   the 
National  Stamping  &  Enameling  Company 

By  F.  D.  EGAN* 


THE  National  Stamping  &  Enameling  Company  has 
a  2-high  90-in.  reversing  plate  mill,  engine  driven, 
and  in  order  to  increase  the  output  as  well  as  the 
finish  of  the  plate  and  to  be  able  to  roll  plate  to  thinner 
gauge,  they  are  installing  a  3-high  100-in.  Lauth  type 
tinishing  stand  to  be  located  75  ft.  beyond  their  present 
mill.  1  he  arrangement  and  method  of  rolling  will  be 
similar  to  that  employed  at  the  84-in.  tandem  plate  mill 
of  the  Brier  Hill  Steel  Company,  roughing  the  ingot  or 
slab  to  width  and  suitable  thickness  for  entering  the  fin- 
ishing stand  in  the  2-high  roughing  mill  and  finishing  to 
proper  gauge  in  the  Brier  Hill  Steel  Company's  84-in. 
tandem  plate  mill,  which  holds  records  for  the  number 
of  slabs  rolled  per  hour,  per  day  and  per  month,  as  well 
as  thinness  of  gauge  for  the  width  of  plate  rolled,  having 
rolled  220  slabs  per  hour,  1,659  slabs  in  12  hours  and 
3,270  slabs  in  24  hours. 

The  main  motor  for  driving  the  100-in.  3-high  stand 
of  this  tandem  plate  mill  will  be  especially  designed  for 
a  drive  of  this  character,  as  the  motor  will  be  subjected 
to  very  severe  service.  To  meet  this  condition,  the  pedes- 
tal bearings  will  be  designed  low  and  very  rugged.  The 
motor  is  rated  3,000  hp.,  40  deg.  C,  2,200  volt,  3  phase, 
60  cycle,  236  rpm.,  and  will  develop  a  starting  and  pull 
out  torque  of  2J.-2  times  full  load  torque  corresponding 
to  7,500  synchronous  hp.  It  is  of  the  wound  rotor  in- 
duction type  and  is  shown  in  Eig.  1. 

From  an  examination  of  the  photograph  showing  the 
motor  it  will  be  noted  that  it  is  designed  with  the  sup- 
porting feet  near  the  horizontal  center  of  the  plane  and 
cast  integral  with  the  frame.  The  feet  have  screws  and 
liners  for  horizontal  and  vertical  adjustment  so  that  the 
stator  can  be  moved  by  fine  increments  in  any  direction 
for  the  purpose  of  lining  up  the  air  gap,  and  to  compen- 
sate for  any  wear  of  the  bearings.  The  laminations  are 
dove-tailed  into  ribs  in  the  frame  casting  and  are  clamped 
between  heavy  end  plates  with  fingers  for  supporting  the 
teeth.  The  slots  are  of  the  straight  open  type  and  the 
winding  is  composed  of  duplicate  coils  completely  formed 
and  insulated  before  being  placed  in  the  slots.  Before 
the  coils  are  placed  in  position  the  slots  are  lined  with 
fish  paper  cells  which  prevent  the  coil  insulation  from 
coming  into  direct  contact  with  the  iron,  thus  protecting 
it  during  the  process  of  assembly.  To  seal  all  the  joints 
in  the  insulation  and  guard  against  metallic  dust  preva- 
lent in  steel  mills,  the  entire  winding  receives  several 
treating  processes  with  special  insulating  coinpounds.  In 
order  to  withstand  mechanical  vibration  and  surges  due  to 
switching  and  extreme  fluctuations  in  load,  the  coils  are 
strongly  braced.  The  slot  portions  of  the  coils  are  held 
in  place  by  hard  fibre  wedges  driven  into  grooves  in  the 
sides  of  the  teeth,  and  the  coil  ends  are  braced  by  lacing 
each  coil  to  an  insulated  steel  ring  supported  by  the  stator 
frame. 


The  rotor  is  to  take  the  brunt  of  the  shocks  and  vibra- 
tion transmitted  from  the  mill  pinions.  It  also  must  be 
capable  of  withstanding  the  severe  unbalancing  strains 
set  up  when  the  motor  is  "plugged,"  i.  e.,  reversing  from 
full  speed  in  one  direction  to  make  a  quick  stop.  For 
this  reason  the  rotor  is  built  up  on  a  rugged  double  arm 
cast  steel  spider  with  the  laminations  dove-tailed  into 
the  spider  and  clamped  between  heavy  end  plates  with 
fingers  for  supporting  the  teeth.  A  special  feature 
found  in  Westinghouse  rotor  slot  and  coil  construction 
is  the  use  of  form  wound  coils  similar  to  those  used  in 


*GcneraI   Engineer.   Westinghouse   Electric   &   Mfg    Com- 
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Fig.    1 — View  of  motor. 

straight  open  slot  construction.  The  rotor  coils  are 
made  up  of  two  straps  side  by  side,  each  strap  being 
formed  to  exact  shape  and  completely  insulated  before 
assembly.  The  use  of  partially  closed  slots  gives  a  high 
power  factor  without  the  disadvantage  of  a  small  me- 
chanical air  gap,  and  at  the  same  time  permits  the  use 
of  completly  formed  and  insulated  coils.  The  opening 
at  the  top  of  each  slot  is  sufficient  to  allow  one  fully  in- 
sulated strap  to  be  dropped  in  one  at  a  time  and  there  is 
no  forming  and  insulating  operation  performed  after  the 
coils  are  put  into  the  slots.  This  method  of  assembly 
gives  excellent  insurance  that  a  good  job  is  being  done 
at  the  factory  and  facilitates  the  removal  of  coils  for 
repairs  in  case  of  accident. 

.A.  motor  of  this  size  has  a  wide  core  and  the  ques- 
tion of  proper  ventilation  was  given  special  attention. 
The  core  is  provided  with  radial  air  ducts  placed  at  fre- 
quent intervals  through  which  the  cooling  air  is  forced 
by  the  centrifugal  action  of  the  rotor.  These  air  ducts 
have  been  made  liberal  in  size  so  as  not  to  become  clogged 
with  mill  dust  and  to  facilitate  blowing  out  when  clean- 
ing the  motor.  In  addition  the  rotor  carries  a  fan  on  each 
side  and  the  end  plates  bolted  to  the  sides  of  the  frame 
are  shaped  to  guide  the  air  supplied  by  these  fans  around 
the  coil  ends  to  the  back  of  the  stator  core  where  exhaust 
openings  are  provided  in  the  frame.  The  entire  system 
of  ventilation  is  designed   to  bring  the  cooling  air  in 
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direct  contact  with  all  parts  of  the  machine  where  heat 
is  generated,  thereby  preventing  "hot  spots." 

The  pedestals  are  ruggedly  built  with  low  bearing 
centers  in  order  to  give  strength  and  rigidity  necessary 
to  take  up  the  shocks  and  vibrations  from  the  mill.  The 
bearings  are  designed  with  high  grade  babbitt  lined  shells 
and  are  designed  to  operate  with  oil  ring  lubrication 
alone.  .'Ks  an  additional  safety  measure,  however,  both 
bearings  are  arranged  for  gravity  oil  lubrication.     Each 


Fig.  2 — Liquid  slip  regulator. 

one  is  split  horizontally  and  so  designed  that  the  top 
half  can  be  readily  removed  for  examination  of  the  jour- 
nal, and  the  bottom  half  rotated  out  by  relieving  the 
bearing  of  the  shaft  weight.  The  bearings  are  made  dust 
proof  by  means  of  felt  packing  at  the  oil  hole  covers  and 
around  the  shaft. 

The  bedplate  which  carries  the  stator  and  the  pedes- 
tals is  made  of  cast  iron  of  heavy  box  type  pattern.  The 
machine  surfaces  under  the  frame  feet  are  extended  to 
one  side  and  are  provided  with  barring  holes  so  the 
stator  may  be  slid  parallel  to  the  shaft,  thereby  giving 
free  access  to  both  stator  and  rotor  winding. 

Control. 

The  controller  will  consist  of  a  primary  panel  and  a 
liquid  slip  regulator  for  the  secondary  control.  The  pri- 
mary control  is  designed  with  electrically  operated  1,200- 
ampere  circuit  breakers,  one  for  forward  and  one  for  re- 
verse operation.  Both  breakers  to  be  controlled  from  a 
two  point  master  controller  located  in  the  operators'  pul- 
pit. In  order  to  determine  the  power  requirements  and 
input  to  the  drive  of  this  mill,  there  will  be  provided  an 
indicating  voltmeter,  a  wattmeter,  a  watthour  meter  and 
a  curve  drawing  wattmeter.  For  protection  there  will  be 
provided  two  CO  overload  relays  and  one  CV  no-voltage 
relay. 


The  liquid  slip  regulator  shown  in  Figure  2 
for  the  secondary  control  of  this  drive  consists  of 
a  steel  plate  tank,  to  the  bottom  of  which  are  at- 
tached three  insulated  cells.  On  the  bottom  of  each 
cell  is  a  stationary  electrode.  A  movable  electrode  is 
suspended  in  each  cell,  these  electrodes  being  hung  from 
a  common  cross  bar,  which  in  turn  is  suspended  from 
tw'o  arms  mounted  at  the  top  of  the  tank.  The  rotor  of 
the  torque  motor  is  mounted  on  the  shaft  of  the  rotating 
arms.  The  arms  extend  to  the  rear  and  are  provided 
with  adjustable  counterweights,  which  do  not  quite  bal- 
ance the  weight  of  the  electrodes.  One  secondary  lead 
of  the  main  motor  is  connected  to  each  stationar)'  elec- 
trode. The  movable  electrodes  are  tied  together  me- 
chanically and  electrically  by  the  supporting  cross  bar, 
which  serves  as  a  star  connection.  The  circuit  is  com- 
pleted through  a  solution  of  soda  contained  in  the  tanks 
and  cells.  Fig.  3  shows  a  section  through  the  regulator, 
also  a  schematic  diagram  of  the  regulator  connections. 

The  torque  motor,  which  is  of  the  wound  rotor  type, 
is  supplied  with  energy  from  a  3-phase  series  trans- 
former, the  primary  of  which  is  in  the  primary  circuit 
of  the  main  motor.  This  motor  is  so  connected  that  its 
torque  is  in  the  same  direction  as  that  of  the  counter- 
weights, that  is,  it  tends  to  raise  the  movable  electrodes 
The  torque  developed  by  this  motor  is  proportional  to 
the  square  of  the  current  flowing  in  its  windings,  and 
therefore  to  the  squart-  of  the  current  in  the  primary  of 
the  main  motor.  This  condition  makes  the  equipment 
very  sensitive  and  causes  it  to  give  inmiediate  response. 
.\n  auxiliary  arm  with  a  weight  attached  is  mounted  on 
the  torque  motor  shaft  in  such  a  way  that  if  released  it 
drops  and  adds  its  weight  to  that  of  the  counterweights. 
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Fig.  3. 


raising  the  movable  electrodes  to  their  highest  position. 
When  operating,  this  arm  is  normally  held  up  by  a  low 
voltage  release  coil  connected  across  the  primary  of  the 
main  motor  circuit. 

The  liquid  slip  regulator  is  u.sed  both  for  starting 
the  main  motor  and  in  connection  with  the  flywheel  for 
limiting  the  peaks  on  the  main  motor  w-hile  running. 
Whenever  power  is  off  the  main  motor  the  voltage  re- 
lease coil  is  de-energized  and  the  electrodes  are  held  at 
their  highest  position.  Under  this  condition  the  re- 
sistance in  the  secondary  circuit  is  a  maximum.  In 
starting  the  motor  the  primary  circuit  is  first  closed. 
This  places  power  on  the  primary  with  all  resistance  in 
the  secondary  circuit,  in  addition  closing  the  circuit 
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that  raises  the  auxiliary  arm,  which  is  then  engaged 
by  the  voltage  device.  Raising  this  arm  releases  the 
moving  electrodes  which  start  to  descend.  As  the  elec- 
trodes approach  each  other  the  resistance  between  them 
becomes  less  and  the  current  in  the  primary  of  the  main 
motor  increases,  increasing  the  torque  of  the  torque 
motor.  At  some  point  the  torque,  due  to  the  weight 
of  the  electrodes,  will  be  just  balanced  by  the  compound 
tor(|ue  of  the  lon|ue  motor  and  counterweights  and  the 
electrodes  will  float  at  this  point.  As  the  motor  accel- 
erates this  condition  of  equilibrium  is  maintained,  the 
electrodes  approaching  each  other  at  a  rate  which  main- 
tains the  input  to  the  main  motor  at  a  constant  value. 
When  the  motor  reaches  full  speed  the  moving  elec- 
trodes are  at  their  lowest  position  and  the  secondary 
practically  short  circuited. 

When  rolling  is  begun  the  regulator  automatically 
limits  the  motor  input  to  the  value  for  which  it  is  set, 
and  with  the  proper  relation  between  the  flywheel  ef- 
fect and  load,  will  maintain  approximately  constant 
input.  When  the  input  tends  to  exceed  the  value  for 
which  the  regulator  is  set,  the  torque  motor  causes  the 


electrodes  to  separate,  thereby  introducing  slip  resist- 
ance into  the  motor  circuit,  causing  a  corresponding 
reduction  in  speed  and  allowing  the  flywheel  to  take 
the  peak  load.  After  the  peak  is  past  the  torque  motor 
allows  the  electrodes  to  approach  each  other,  still  main- 
taining the  load  at  constant  value  until  the  motor  again 
reaches  full  speed.  The  value  of  the  load  at  which  the 
regulator  will  open  is  easily  adjusted  to  follow  ordi- 
nary operating  conditions  by  varying  the  number  of 
counter  weights.  In  addition  the  series  operating 
transformer  is  provided  with  80  per  cent,  100  per  cent, 
125  per  cent  and  150  per  cent  taps  to  take  care  of  larger 
adjustments. 

In  case  a  quick  stop  is  desired  the  motor  can  be 
plugged.  To  do  this  the  master  controller  is  thrown 
from  the  forward  to  the  reverse  position,  thus  droppmg 
out  the  primary  circuit  breaker  for  forward  operation, 
and  after  the  electrodes  have  moved  to  their  highest 
position,  the  reverse  breaker  will  automatically  close, 
thus  reversing  the  power  on  the  main  motor,  which 
will  quickly  bring  it  to  rest. 


The  Trend  of  Specifications  for  Steel 


Castings 


General  Discussion  Covering  the  Important  Features  of  Steel 
Castings  Specifications  Such  as  Chemical  Composition,  Physical 
Properties,  Ductility  and  Testing. 

By  E.  R.  YOUNG* 


Sl'EEL  castings   from   the   standpoint  of   specifica- 
tions governing  physical  and  chemical  properties, 
may  be  divided  into  two  classes:    Unannealed  and 
annealed  castings. 

For  unannealed  castings,  specifications  are  not  or- 
dinarily employed.  In  some  cases  the  limits  for  chem- 
ical composition  are  set  down  in  order  to  insure  that 
the  product  will  be  of  commercial  grade  and  of  a  hard- 
ness which  is  readily  machinable.  Of  course,  there 
are  special  cases  where  a  definite  chemical  composition 
is  required  in  order  to  obtain  certain  specific  proper- 
ties, such  as  resistance  to  abrasion,  magnetic  permea- 
bility or  occasionally  a  maximum  tensile  strength  and 
where  the  castings  may  be  desired  in  the  unannealed 
condition.  While  there  are  specifications  which  cover 
the  physical  properties  of  unannealed  castings  of  soft 
steel,  it  is  for  annealed  castings  that  almost  all  of  the 
specifications  containing  physical  property  require- 
ments are  employed. 

In  the  early  days  of  the  industry  a  great  number  of 
the  castings  produced,  and  probably  the  majority  of 
them,  were  used  unannealed.  When  annealed  mate- 
rial was  desired  it  was  so  specified  along  with  the 
physical  properties  which  should  be  developed.  With 
the  increasing  consumption  of  steel  castings  and  the 
increasing  variety  of  their  uses,  there  has  been,  nat- 


*The   author   is   connected   with   the   Sales    Department   of 
the  Detroit  Steel  Castings  Company,   Detroit,   Mich. 


urally,  an  accompanying  refinement  in  quality  of  prod- 
uct, until  now  it  is  only  the  exceptional  casting  which 
is  not  annealed,  unless  that  process  be  specifically 
waived  by  the  purchaser.  However,  it  is  still  the  usual 
practice  to  specify  that  the  castings  be  annealed  as  a 
preliminary  to  enumerating  the  physical  properties  de- 
sired, although  as  a  matter  of  fact  it  is  practically  im- 
possible consistently  to  meet  the  present  ductility  re- 
quirements with  unannealed  material,  excepting  per- 
haps the  specifications  for  castings  of  soft  steel. 

In  this  progress  toward  higher  standards,  the  phys- 
ical property  requirements  specified  as  desirable  from 
time  to  time  have  led  the  way  so  that  steel  castings 
are  now  being  successfully  produced  imder  specifica- 
tions which  would  have  been  considered  commercially 
hopeless  some  years  ago.  At  this  time,  it  is  interest- 
ing to  survey  the  present  standard  specifications,  to 
consider  to  what  extent  they  secure  what  they  aim  to 
secure,  to  discuss  some  proposed  changes,  and  to  ven- 
ture an  opinion  as  to  the  logical  course  of  revisions. 
Chemical  Composition. 

One  of  the  mooted  questions  in  the  steel  industry 
and  one  which  concerns  the  steel  casting  manufacturer 
is  the  question  of  the  lirnits  of  phosphorus  and  sulphur. 
Earlier  specifications  set  these  limits  at  0.050  per  cent 
for  acid  open  hearth  steel  and  these  were  commercial 
up  to  the  time  of  the  war  demand.  When  fuel  and 
melting  materials  which  would  yield  a  finished  product 
under  these  limits  became  difficult  to  secure  and  were 


464 


Iho  Diasf  rurnaco  !!!/McHM  rlniii 


September,   1922 


needed  for  types  of  steel  in  which  low  phosphorus  and 
sulphur  were  of  vital  importance,  the  phosphorus  and 
sulphur  limits  for  steel  castings  were  raised  to  0.06 
l)er  cent  for  acid  steel.  These  limits  were  tentatively 
continued  in  1919  and  were  adopted  as  standard  in 
1921  ])y  the  American  Society  for  Testing  Materials. 
Some  purchasers,  however,  are  still  loath  to  adopt  this 
new  limit.  The  findings  and  recommendations  of  the 
joint  committee  on  phosphorus  and  sulphur  in  steel 
which  is  now  making  an  exhaustive  study  of  the  sub- 
ject will  undoubtedly  prove  the  limits  of  0.06  per  cent 
to  be  entirely  proper  for  steel  castings  and  will  prob- 
ably justify  a  more  liberal  limit.  It  is  to  be  hoped  thai 
this  re])ort,  when  forthcdming,  will  be  of  such  a  nature 
as  to  be  conclusive  on  the  subject  and  that  it  will  be 
accepted  as  standard  by  all.  In  the  meantime,  the 
writer  cannot  refrain  from  offering  some  observations 
on  the  subject. 

It  is  safe  to  state  that  the  objection  of  the  average 
engineer  or  metallurgist  to  steel  with  phosphorus  and 
sulphur  over  0.05  per  cent  or  0.06  per  cent  is  based 
partly  on  tradition  and  partly  on  a  mental  reservation 
regarding  the  shock  strength  of  the  material.  It  is 
this  objection  to  phosphorus  and  sulphur  based  on  tra- 
dition or  perhaps  even  on  prejudice  which  the  findings 
of  the  joint  committee  will  surely  answer. 

Phosphorus  from  0.04  per  cent  to  0.06  per  cent  and 
sulphur  from  0.05  to  0.07  per  cent  do  not  affect  the 
static  properties  of  annealed  steel  castings,  that  is  the 
properties  determined  by  the  usual  tensile  and  bend-  . 
ing  tests. 

The  writer  has  the  data  on  the  physical  properties 
and  chemical  composition  of  1,036  heats  of  ordnance 
steel  (cast  steel  No.  2  and  No.  3  U.  S.  Army  specifica- 
tions) made  by  the  converter  process,  which  has  been 
analyzed  to  detect  any  variation  of  tensile  properties 
with  the  phosphorus  or  the  sulphur  content.  Four 
divisions  or  classes  were  made  as  follows : 

Heats  low  in  phosphorus — (under  0.040%) 
Heats  high  in  phosphorus — (0.055%  and  above) 
Heats  low  in  sulphur — (under  0.055%) 
Heats  high  in  sulphur — (0.07%  and  above) 

The  heats  were  segregated  according  to  this  classi- 
fication and  the  average  tensile  properties  and  chem- 
ical composition  of  the  heats  in  each  class  were  com- 
puted. The  table  below  gives  the  average  properties 
and  composition,  and  the  number  of  heats  included  in 
the  average  in  each  case. 

The  average  properties  show  a  sensitive  relation  to 


the  carbon  and  manganese  content  as  would  be  ex- 
pected. There  is  no  suggestion  of  any  relation  to  the 
phosphorus  or  the  sulphur  content  with  the  possible 
exce|)tion  of  the  value  for  yield  point  for  the  high 
phosjjhorus  heats  which  is  slightly  out  of  line  with 
the  other  average  properties  for  these  heats.  This  is 
very  likely  due  to  the  average  including  a  relatively 
small  number  of  heats,  and  so,  being  unduly  affected 
by  a  few  low  values;  but,  in  any  event,  the  decrease  is 
well  within  the  limits  of  error  of  testing  and  therefore 
unimportant. 

Results  of  a  short  series  of  impact  tests  have  been 
published  which  show  a  marked  falling  off  in  dynamic 
or  shock  strength,  between  .06  and  .07  per  cent  phos- 
phorus.* However,  considering  the  somewhat  uncer- 
tain standing  of  this  test  in  the  field  of  testing  mate- 
rials and,  especially,  the  small  number  of  tests  included 
in  the  average  results,  it  does  not  seem  that  this  evi- 
dence on  the  subject  can  be  regaided  as  final. 

The  writer  has  seen  screws,  bolts,  etc.,  made  of 
screw  stock  with  phosphorus  and  sulphur  both  over 
0.10  per  cent,  tested  to  destruction,  without  any  weak- 
ness of  material  being  disclosed.  He  has  also  seen 
steel  castings  with  phosphorus  over  0.06  per  cent  and 
sulphur  over  0.075  per  cent  tested  to  destruction  with 
no  suggestion  of  weak  or  faulty  material,  though  the 
uninitiated  would  confidently  expect  such  tests  to 
show  the  material  to  be  decidedly  inferior. 

The  final  answ^er  to  the  question  of  shock  strength 
is  the  test  of  service.  Perhaps  there  have  been  cases 
of  failure  of  steel  castings  used  under  severe  shock 
conditions,  which  have  shown  a  high  content  of  phos- 
phorus and  sulphur  in  the  broken  parts.  Supposing 
that  these  failures  have  been  shown  to  be  due  to  faulty 
material  and  not  to  foundry  defects  or  to  excessive 
loading,  the  remedy  is  still  not  lower  phosphorus  and 
sulphur,  but  proper  heat  treatment.  In  the  writer's 
opinion  this  has  been  conclusively  shown  by  the  work 
of  Mr.  John  H.  Hall  and  associates  on  the  "Heat  Treat- 
ment of  Steel  Castings."!  They  have  shown  that  the 
lines  or  planes  of  weaker  material,  due  to  the  non- 
uniformity  or  segregation  promoted  by  phosphorus 
and  sulphur,  can  be  removed  by  quick  cooling  from 
the  annealing  heat,  followed  by  reheating  at  the  proper 
temperature,  but  cannot  be  prevented  from  forming 
slow  cooling  from   the  annealing  heat,  by  any  lower 

*F.  C.  Langenberg,  "Impact  Tests  on  Cast  Steel,"  Proc. 
A.  S.  T.  M.,  1921,  p.  810. 

f'Heat  Treatment  of  Steel  Castings,"  .\mer.  Inst.  Min.  & 
Met.  Engrs.,    Vol.  LXII,  p.  353. 


Comparative   Tensile   Properties   of    Heats 

High   in  phosphorus,  low  in  phosphorus,  high  in  sulphur,  low  in  sulphur 

Classification  of   Heats Physical  Properties Analysis 

Elonga-  Reduc- 

\'o.  of        Field           Tensile          tion  tion 

Heats         Point         Strength     Per  cent  Per  cent       C.              Mn.           Si. 
Heats  high  in  sulphur 

(.070  or  above) 209        44,780        80,110        22.4  28.7         .29           .71         .30 

Heats  low  in  sulphur 

(under  .055) 110        45,100        80,500        22.2  29.           .30           .70        .30 

Heats  high  in  phosphorus 

(.055  and  above) 32        43,700        81,000        21.7  28.0         .30           .72         .31 

Heats  low  in  phosphorus 

(under  .040) 74         44,660        80,200        22.8  29.9         .29           .70        .29 


P. 

S. 

.045 

.076 

.044 

.052 

.056 

.061 

.037   • 

.065 
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content  of  phosphorus  or  sulphur  down  to  0.025  per 
cent. 

Further  evidence  that  an  extremely  low  content  of 
phosphorous  and  sulphur  is  necessary  before  any  gain 
is  made  in  the  properties  of  carbon  steel  is  given  in  an 
article  detailing  the  practice  of  the  U.  S.  Naval  Ord- 
nance Plant  at  Charleston,  W.  Va.,  by  W.  J.  Priestley.* 
He  shows  that  an  increase  in  the  figure  obtained  for 
reduction  of  area  on  tangential  test  bars  occurs  when 
the  phosphorus  and  the  sulphur  content  are  reduced 
below  0.020  per  cent.  If  we  agree  that  reduction  of 
area  is  a  rough  index  of  toughness  and  that  the  usual 
conception  of  shock  strength  is  of  a  property  which 
combines  toughness  with  good  elastic  limit  we  con- 
clude that  an  improvement  in  shock  strength  is  not 
achieved  by  a  reduction  of  the  phosphorus  and  sul- 
phur content  from  0.060  to  0.025  per  cent. 

It  is  gratifying  to  note  that  recent  U.  S.  Army  speci- 
fications for  caterpillar  tractor  links  or  shoes  permit 
sulijhur  to  0.07  per  cent  and  specify  a  heat  treatment 
conriL.ling  of  a  straight  anneal  followed  by  a  water 
quen'-h  and  a  draw.  The  tensile  properties  specified 
could  readil}'  be  obtained  with  a  simple  annealing 
treatment  indicating  that  the  object  of  the  heat  treat- 
ment was  to  improve  other  than  tensile  properties. 

Occasionally  it  is  intimated  that  published  articles 
and  researches  dealing  with  the  question  of  phosphorus 
and  sulphur  are  not  written  entirely  in  good  faith  as 
technical  articles,  but  are  perhaps  inspired  by  commer- 
cial considerations.  It  is  certainly  quite  clear  that  any 
producer  of  steel  who  resorted  to  propaganda  to  mar- 
ket an  inferior  article  which  would  not  function  prop- 
erly would  be  pursuing  a  very  short-sighted  policy  in- 
deed. It  is  equally  clear,  on  the  other  hand,  that  anv 
user  of  steel  who  unnecessarily  insists,  through  ignor- 
ance or  prejudice,  on  a  costly  and  relatively  less  com- 
mon product  is  pursuing  an  uneconomic  policy  both 
personally  and  industrially. 

Physical  Properties — Elastic  Limit  and  Yield  Point 
Specifications. 

One  of  the  frequently  proposed  revisions  in  physi- 
cal property  specifications  is  to  require  a  reasonably 
accurate  determination  of  the  elastic  limit,  and  to  make 
this  property  together  with  the  usual  ductility  re- 
quirements the  basis  for  acceptance  or  rejection,  the 
ultimate  strength  to  be  reported  only  as  an  item  of  in- 
formation. 

At  first  thought,  this  plan  sounds  very  good.  It  is 
argued  that  the  elastic  limit  is  the  property  in  which 
we  are  most  interested.  It  is  the  property  that  has 
been  used  as  the  basis  for  design  and  it  determines  the 
point  of  failure  in  service  more  often  than  does  the 
ultimate  tensile  strength.  This  is  all  true,  but  there 
are  difficulties  in  the  way  of  adopting  this  suggestion. 
One  difificulty  is  that  of  definition,  and  another  that 
of  method.  When  we  come  to  the  question  of  an  exact 
defintion  of  the  proportional  elastic  limit  or  propor- 
tional limit  (which  is  the  property  commonly  deter- 
mined in  actual  testing  and  which  closely  corresponds 
to  the  elastic  limit  based  on  permanent  set)  and  a 
method  of  determining  it  in  practice,  we  find  we  have 
nothing  hard  and  fast  for  a  standard,  .-\uthorities  on 
the  testing  of  material  state  that  the  greater  the  refine- 
ment of  measurement  and  the  greater  the  delicacy  of 
instruments  used  in  determining  the  proportional  clas- 
tic limit  the  lower  the  value  obtained  for  this  propertv. 


*"SuIphur  and  Oxide  in  Steel,"  .American  Inst.  Min.  &  Met. 
Engrs.,  Feb..  1922.     Iron  Age.  Dec.  29.  1921.  p    1658. 


Granted  this  situation  is  not  peculiar  to  steel  cast- 
ings, but  applies  to  other  materials  similarly  tested. 
However,  most  of  these  materials,  when  subjected  to 
the  standard  tensile  test,  show  an  almost  constant 
stress-strain  (load-stretch)  ratio  within  the  elastic 
range  and  a  definite  break  from  a  straight  line  in  the 
stress-straiii  curve  which  for  practical  purposes  it  is 
satisfactory  to  take  as  \he  proportional  elastic  limit. 
Actually  the  value  obtained  here  is  higher  than  that 
obtained  in  tests  of  greater  precision  and  more  nearly 
represents  the  yield  point,  which  is  defined  as  the  stress 
at  which  there  is  a  marked  increase  in  rate  of  stretch 
with  no  increase  of  load. 

Steel  castings,  on  the  contrary,  do  not  show  a  con- 
stant cross-strain  ratio.  The  amount  of  stretch  under 
uniform  increases  of  load  is  very  irregular  and  the 
stress-strain  curve  is  far  from  a  straight  line  from  its 
very  beginning  at  the  point  of  initial  load.  And  so 
there  is,  of  course,  no  one  point  where  the  proportion- 
ality of  stress  to  strain  shows  a  marked  change,  i.  e.. 
no  true  proportional  elastic  limit.* 

Hence,  for  steel  castings  it  is  not  feasible  to  specify 
the  elastic  limit  and  to  require  its  determination  b}' 
the  usual  stress-strain  curve  method.  The  alternative 
is  to  specify  the  yield  point  and  to  require  a  more  accu- 
rate determination  of  it  than  is  secured  when  the  beam 
of  the  testing  machine  is  used  as  an  indicator.  One 
satisfactory  method  of  securing  greater  accuracy  is  to 
use  an  extensometer  to  detect  the  jioint  of  greatly  in- 
creased rate  of  stretch,  .\nother  is  the  method  of 
striking  an  arc  on  the  chalked  or  smoked  surface  of 
the  specimen  and  watching  for  the  first  visible  widen- 
ing of  this  arc.  Both  of  these  methods  are  quite  work- 
able and  give  a  close  indication  of  the  actual  yield 
point. 

The  usual  determination  of  the  proportional  elas- 
tic limit,  as  has  been  noted,  also  actually  gives  a  close 
measurement  of  the  yield  point  so  there  is  no  differ- 
ence in  the  physical  property  measured  and  little  dif- 
ference in  the  value  obtained  under  the  two  different 
requirements  (where  applicable).  But  while  there  is 
no  difference  in  final  results  there  is  a  difference  in 
the  properties  originally  specified  and  in  the  method  of 
test  contemplated  in  the  specifications.  And  it  is 
worth  while  to  point  out  this  difference  for  it  is  highly 
desirable  that  both  manufacturer  and  purchaser  real- 
ize just  what  properties  and  characteristics  of  the  steel 
it  is  the  intention  to  establish  under  test  and  just  what 
the  properties  are,  which  are  actually  determined  in 
the  prosecution  of  the  test. 

The  fact  that  an  elastic  limit  specification  is  not 
readily  applicable  to  steel  castings  has  been  taken  ac- 
count'of  in  some  recently  proposed  revisions,^  which 
specify  a  minimuin  yield  point  instead  of  a  minimum 
elastic  limit,  when  the  tensile  strength  specification  is 
omitted. 

Ductility  Specifications. 

The  new  manner  of  specifying  the  ductility  require- 
ments, i.  e.,  in  terms  of  the  tensile  strength  or  of  the 
elastic  limit  or  vield  point  is  coming  into  more  general 
use.  The  tensile  strength  is  the  more  satisfactory  to 
use  for  steel  castings  because  it  can  be  more  exactly 
determined  and  because  it  shows  a  more  uniform  rela- 
tion to  the  other  properties.  The  new  specifications 
state  that  the  per  cent  of  elongation  and  the  per  cent 

*Lawford  H.  Fry,  "Tensile  Properties  of  Steel  Castngs." 
Proc.  A.  S-  T.  M,.  Tune.  1922. 
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of  reduction  shall  be  equal  to  certain  constants  divided 
by  the  tensile  strength,  with  a  fixed  per  cent  of  elonga- 
tion and  a  fixed  per  cent  of  reduction  required  as  a 
minimum  for  each  type  of  steel.  The  intention  is, 
seemintjly,  to  take  into  account  the  inverse  rcIal(Dn 
which  exists  between  the  tensile  strength  and  hard- 
ness of  steel  on  the  one  hand  and  its  ductility  on  the 
other  hand,  and  the  change  from  the  former  method 
of  specifying  a  definite  percentage  of  elongation  and 
of  reduction  for  each  class  of  steel  regardless  of 
strength,  is  very  logical.  But  when  we  come  to  ex- 
amine the  percentages  required  as  a  fixed  minimum 
we  find,  in  some  specifications,  that  they  are  set  so 
high  as  to  correspond  to  the  ductility  of  the  softest 
steel  in  each  class. 

The  sliding  scale  set  up  by  the  formula  thus  be- 
comes inoperative  over  almost  its  entire  range,  because 
the  value  obtained  by  its  u.se  is  always  less  than  the 
fixed  minimum.  In  a  few  cases  where  the  tensile 
strength  is  unusually  low  relative  to  the  yield  point, 
which  is  up  to  the  requirement,  the  scale  might  operate. 
The  result  would  be,  of  course,  a  higher  ductility  re- 
quirement for  the  steel  in  question  than  the  fixed 
minimum. 

The  net  result  then  is  to  raise  the  ductility  require- 
ments. This  would  not  be  objectionable  in  itself  if  it 
were  the  end  sought  and  were  thought  necessary.  But 
after  recognizing  the  fact  that  for  two  steels  of  the 
same  general  class  the  one  with  the  higher  tensile 
strength  and  hardness  will  be  less  ductile  than  the 
one  with  the  lower  tensile  strength  and  hardness,  and 
this  with  no  sacrifice  of  quality,  it  is  illogical  to  turn 
about  and  say  that  the  stronger  steel  must  nevertheless 
show  the  ductility,  expected  of  the  one  of  lower 
strength. 

New  Methods  of  Test. 

Of  late  much  more  attention  is  being  given  to  the 
strength  of  materials  under  repeated  "and  reversed 
stresses  and  to  methods  of  determining  this  propertv 
of  resistance  to  fatigue. 

.Some  very  interesting  data  have  been  published 
covering  the  fatigue  strength  of  ferrous  metals  in  the 
rolled  conditiofi.*  While  cast  steel  probably  has  dif- 
ferent fatigue  properties  than  rolled  steel,  it  is  likely 
that  some  of  the  general  facts  established  regarding  the 
relation  of  fatigue  strength  to  other  properties  will 
jirnve  tiue  for  cast  material  also. 

It  was  found  that  the  ultimate  tensile  strength  bear.s 
a  closer  relation  to  the  fatigue  strength  (endurance 
limit)  than  does  the  elastic  limit:  that  neither  the  ulti- 
mate tensile  strength  nor  the  elastic  limit  have  n  suf- 
ficiently close  relation  to  the  endurance  limit  to  justify 
their  use  as  an  index  of  the  latter ;  that  of  the  tests 
more  commonly  used,  the  Brinell  hardness  test  hears 
the  closest  relation  to  the  endurance  limit  and  erives  the 
most  promise  of  serving  as  an  index  of  it. 

The  fact  that  the  tensile  strength  shows  a  distinct 
relation  to  the  endurance  limit  and  that  the  elastic 
limit  does  not,  may  serve  to  modify  the  present  estima- 
tion of  the  relative  importance  of  these  two  properties. 
With  regard  to  cast  steel,  this  information  is  particu- 
larly pertinent  because,  as  we  have  seen,  cast  steel  has 

*H.  F.  Moore  and  J.  B.  Kommers.  ".\n  Investigation  of 
the  Fatigue  of  Metals."  Bulletin  124,  Engr.  Experiment  Sta- 
tion. University  of  Illinois. 


no  true  elastic  limit,  while  its  ultimate  strength  is  a 
very  definite  property. 

Brinell  Testing. 

The  use  of  the  Brinell  hardness  test  is  steadily 
increasing  in  metallurgical  testing  because  of  its  ease 
of  execution  and  dependability  and  the  significance  of 
its  results,  especially  when  the  action  of  certain  mate- 
rial or  heat-treated  part,  under  the  Brinell  test,  has 
been  previously  studied.  For  these  reasons,  in  cases 
where  the  material  is  subject  to  100  per  cent  test  and 
inspection,  the  Brinell  test  is  frequently  specified  by 
giving  the  limits  of  hardness  desired.  Now  that  some 
indication  of  the  fatigue  properties  of  the  metal  is 
also  obtained  by  this  test  it  will  undoubtedly  be  em- 
ployed to  a  still  greater  extent. 

Brinell  testing  of  steel  castings  has  been  done  to  a 
limited  extent,  largely  for  specific  information  as  to 
hardness.  The  difficulty  of  applying  the  test  to  large 
l)ieces  is  an  objection  not  easily  overcome.  It  may  be 
that  the  portable  Brinell  could  be  utilized  for  this  pur- 
pose, though  so  far  as  the  writer  is  aware,  this  adapta- 
tion of  the  Brinell  test  is  not  nearly  so  well  standard- 
ized as  is  the  regular  method. 

Another  serious  objection  would  be  the  influence 
of  minor  surface  defects  or  non-uniformity  on  the 
Brinell  tests.  On  the  other  hand  we  have  the  present 
method  of  judging  the  annealing  of  castings  of  various 
sections,  b}-  the  visual  examination  of  the  fracture  of 
an  annealing  lug  with  a  section  of  Yz  in.,  which  it  is 
readily  admitted  is  a  far  from  ideal  method.  In  most 
cases  where  annealing  lugs  are  used  the  inspection  by 
means  of  their  fracture  is  a  100  per  cent  operation  and 
the  Brinell  test  could  be  applied  with  no  greater  con- 
sumption of  time. 

With  the  larger  use  of  heat  treated  castings  which 
is  surely  coming,  the  Brinell  test  will  undoubtedly  be 
quite  commonly  specified. 


TRUMBULL  STEEL  COMPANY  TO  ENLARGE 
PLANT 

Plans  of  the  Trumbull  Steel  Co.,  Warren,  Ohio,  pro- 
vide for  the  installation  at  some  future  time  of  eight 
additional  open  hearth  furnaces.  The  company  :iow 
has  a  complement  of  seven  open  hearths,  but  its  bloom- 
ing mill  and  bar  mill  have  sufficient  capacity  to  roll 
the  output  of  eight  additional  units.  In  recent  years, 
the  companv  has  been  gradually  increasing  its  capac- 
ity, until  it  can  now  produce  40,000  tons  of  steel  prod- 
ucts per  month,  including  billets,  sheet  bar.  blue,  black 
and  galvanized  sheets,  galvanized  and  painted  roofing, 
electric  sheets,  tin  mill  black,  tin  plate,  hoops,  bands 
and  hot  and  cold-rolled  strip  steel. 

It  employs  about  6.000  men,  or  nearly  halt  the  work- 
ing population  of  Warren,  and  is  self-contained.  Its 
ore  mines  in  Minnesota  will  take  care  of  its  present 
needs  for  15  or  20  years.  The  Trumbull  Coal  Co.,  a 
subsidiarv,  operates  coal  mines  in  Greene  county,  Penn- 
sylvania. The  Trumbull-Clift's  Furnace  Co..  in  which 
the  Trumbull  Steel  Co.  is  a  joint  owner,  operates  the 
largest  blast  furnace  in  the  ^lahoning  \'alley,  with  a 
rating  of  600  tons  per  day,  but  which  can  easily  produce 
up  to  700  tons  daily  under  nonnal  circumstances.  The 
ore  yard  is  500  ft.  long  and  has  a  capacity  of  500,000 
tons. 
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New  Development  in  Rolling  Mill  Drive 

New  Electric  Drive  for  the  Hot  Strip  Mill  of  the  Trumbull  Steel 
Company  at  Warren,  Ohio,  Described 

By  A.  K.  BUSHMAN 
Power  and  Mining  Engineering  Dept.,  General  Electric  Co. 


AN  interesting  electrical  equipment  representing  a 
totally  new  development  in  rolling  mill  drive  has 
just  gone  into  operation  on  the  new  14-in.  continu- 
ous hot  strip  mill  of  the  Trumbull  Steel  Mill. 

The  mill  itself,  which  was  built  by  the  Morgan  Con- 
struction Company  of  Worcester,  Mass.,  consists  of  a 
roughing  train,  having  four  stands  of  horizontal  rolls, 
an  intermediate  train  with  two  stands,  and  a  finishing 
train  having  four  stands.  The  roughing  stands  are  driven 
by  a  600-volt,  shunt  wound,  d.c.  motor  which  will  de- 
velop 1,250  hp.  (50  deg.  C.)  at  any  speed  between  175 
and  350  rpm.  through  reducing  gears.  The  intermediate 
stands  are  driven  by  a  similar  motor  direct  connected  to 
stand  No.  6  and  through  reduction  gears  to  stand  No.  5. 
The  four  stands  of  the  finishing  mill  are  each  driven  by 
individual  800-hp.  motors  of  similar  design,  but  differ- 
ent speeds,  which  are  directly  connected  to  the  rolls. 

The  power  to  operate  the  whole  mill  is  furnished  by 
two  synchronous  motor  generators,  each  consisting  of  a 
2,300-kw.,  600-volt,  compound  wound  d.c.  generator  di- 
rect connected  to  a  3,300-kva.,  2,200-volt,  60-cycle, 
3-phase  synchronous  motor.  The  main  shunt  fields  of 
the  generators  and  d.c.  motors  are  separately  excited 
from  a  250-volt  d.c.  circuit.  The  electrical  equipment 
was  built  by  the  General  Electric  Company. 

The  control  which  makes  this  drive  possible  does  not 
work  on  the  principle  of  maintaining  a  given  ratio  be- 
tween stands,  but  maintains  constant  any  speed  at  which 
a  motor  is  set  entirely  independent  of  other  motors.  It 
is  evident  that  this  system  is  much  simpler  and  more 
readily  set  up  than  one  depending  on  change  gears  and 
cone  pulleys  and  since  the  speeds  of  the  various  motors 
are  constant  the  ratio  between  them  must  also  be  constant. 

On  the  shaft  of  each  d.c.  motor  there  is  mounted  a 
small  alternating  current  generator,  known  as  the  pilot 
generator.  The  fields  of  these  generators  are  connected 
to  the  exciter  bus  which  is  supplied  by  a  small  motor 
generator  controlled  by  a  voltage  regulator  which  main- 
tains constant  excitation  on  the  generators,  therefore  the 
delivered  voltage  of  any  one  of  them  will  be  strictly  a 
function  of  the  speed  of  the  d.c.  motor  to  which  it  is 
connected.  This  voltage  is  used  to  actuate  a  voltage 
regulator  that  cuts  resistance  in  and  out  of  the  d.c.  motor 
field  circuit.  For  instance,  if  the  motor  speed  drops  off 
for  any  reason,  the  voltage  of  the  pilot  generator,  being 
reduced,  will  cause  the  regulator  to  cut  resistance  into 
the  motor  field,  weakening  it,  and  bringing  up  the  speed. 
In  case  the  motor  overspeeds  beyond  its  set  limits,  a  re- 
verse action  takes  place.  The  use  of  an  anti-hunting 
winding  on  the  regulator,  which  causes  it  to  break  its  con- 
tacts without  waiting  for  the  motor  to  come  up  to  speed, 
prevents  any  hunting  on  the  part  of  the  motor. 

If  the  pilot  generators  were  operating  on  open  circuit 
their  generated  voltage  would  be  exactly  proportional  to 
their  speed,  but  in  order  to  obtain  a  greater  degree  of 


sensitiveness  the  primary  of  a  transformer  is  connected 
in  series  with  the  regulator  coil  and  the  secondary  is 
loaded  on  a  bank  of  condensers  so  that  a  large  part  of  the 
excitation  of  the  pilot  generator  is  derived  from  the 
heavily  leading  power  factor  of  the  armature  current. 
We,  therefore,  have  four  factors  tending  to  give  a  change 
in  voltage  across  the  regulator  coil  with  a  change  in  speed. 
First,  the  direct  effect  on  the  voltage  due  to  a  change  of 
speed ;  second,  the  effect  on  the  armature  current  due  to 
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Fig.   1 — Schematic  diagram  speed  regulating  control 
for  d.c.  motors. 

a  difTerent  frequency  being  impressed  on  the  condensers ; 
third,  the  effect  of  the  armature  current  on  the  generator 
voltage ;  fourth,  the  effect  of  a  change  in  speed  on  the 
power  feacot  of  the  armature  current  with  a  correspond- 
ing change  in  the  voltage  drop  across  the  inductive  trans- 
former primary,  this  drop  being  negative  for  low  lead- 
ing power  factors  and  positive  for  lagging  power  factor. 
These  four  effects  are  cumulative  and  cause-  a  change  in 
regulator  coil  voltage  many  times  greater  than  the  change 
in  speed. 

Adjustments  of  the  speed  on  any  individual  motor 
are  made  from  the  pulpit  of  the  mill,  by  means  of  three 
rheostats,  one  being  motor  driven.  The  latter  changes 
the  resistance  in  the  motor  fields  and  adjusts  the  regu- 
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lator  coil  circuit  simiitaneously  by  changing;  taps  on  the 
primary  of  tbc  transformer.  These  taps  are  so  pro- 
portioned that  the  voltage  impressed  on  the  regulator  is 
constant  regardless  of  changes  in  motor  speed  caused  by 
the  motor  operated  field  rheostat,  thus  making  it  un- 
necessary to  make  any  adjustment  of  the  regulator  for 
different  speed  settings — in  other  words,  the  regulator 
holds  the  same  pilot  generator  voltage  whether  the  motor 
is  operating  at  maximum  or  minimum  speed.  The  sec- 
ond rheostat  makes  extremely  small  changes  in  the  re- 
sistance of  the  pilot  generator  field,  thus  allowing  the 
operator  to  make  slight  adjustments  of  the  speed  setting 


factory  before  the  order  was  placed  and  experience  with 
the  apparatus  in  actual  production  has  completely  ful- 
filled expectations.  With  the  aid  of  the  extremely  accu- 
rate tachometers  mounted  on  the  pulpit  benchboard  the 
mill  may  be  set  up  for  a  different  product  in  a  very  few 
minutes  and  the  first  piece  is  put  through  at  full  speed. 
.'\s  many  as  10  difi'erent  sizes  of  strips  have  been  rolled 
in  one  day. 

The  control  is  so  simple  and  easy  to  operate  that  the 
regular  operators  experienced  no  (lifficulty  in  handling 
the  equipment  and  on  the  second  day  of  rolling  without 
special  instructions  put  the  entire  equipment  into  opera- 


Fig.  2 — Motor  drive  of  new  electrically  driven  hot  strip  mill,  furnished  by  the  General  Electric  Company  at  Trumbull 
Steel  Company.  The  large  machines  in  the  foreground  are  motor  generator  sets.  The  mill  drive  is  the  group  of 
machines  in  the  background. 


that  may  be  desirable.  The  third  makes  small  changes 
in  the  main  motor  field  without  a  corresponding  change 
in  the  regulator  coil  circuit  and  is  used  in  connection  with 
a  voltmeter  across  the  armature  of  the  counter  E.M.F. 
generator  in  the  field  circuit  to  form  a  "range  finder"  to 
correct  for  changes  in  line  voltage  and  keep  the  regu- 
lator operating  in  the  middle  portion  of  its  range. 

Looking  at  the  diagram  it  will  be  seen  that  the  control 
system  is  very  simple  and  involves  standard  equipment 
only  with  the  single  exception  of  the  transformer  in  the 
pilot  generator  circuit  which  is  one-half  kva.  in  capacity 
and  so  rugged  in  construction  as  to  practically  eliminate 
the  possibility  of  any  trouble  from  this  source.  The  regu- 
lators have  but  one  vibrating  contact  and  one  relay  con- 
tact which  carries  the  field  current  of  the  counter  E.M.F. 
generator  which  is  less  than  a  quarter  of  an  ampere. 
Every  effort  has  been  made  to  insure  continuity  of  opera- 
tion and  all  delicate  adjustments  have  been  avoided. 

This  control  will  hold  the  motor  speeds  constant  under 
changing  load  conditions  and  will  not  allow  the  speed 
ratio  to  vary  enough  to  cause  loops  or  to  pull  the  strip 
was  thoroughly  demonstrated  in  preliminary  tests  at  the 


tion  before  the  factory  men  arrived  at  the  plant.  In  fact, 
the  first  day  of  operation,  in  spite  of  the  numerous  de- 
lays for  minor  adjustments,  such  as  are  always  neces- 
sary when  breaking  in  new  machinery,  the  mill  produced 
130  tons  of  strip  for  shipment.  The  mill  has  produced 
235  tons  in  a  single  turn  and  this  is  not  believed  to  be 
its  maximum  capacity. 

The  continuous  mill  has  been  very  highly  developed 
by  the  manufacturers  so  that  some  mills  produce  as  high 
as  97  per  cent  of  their  theoretical  capacity  over  long 
periods  of  time.  It  is  evident  that  very  little,  if  any,  im- 
provement may  be  expected  in  this  direction  and  atten- 
tion has  therefore  been  turned  to  increasing  the  flexi- 
bility of  the  apparatus. 

Previous  to  this  installation  described,  Morgan  con- 
tinuous strip  mills  have  been  driven  from  two  or  more 
sources  of  power  through  gears  on  the  roughing  and  in- 
termediate stands  and  through  belts  and  pulleys  on  the 
finishing  stands.  In  order  to  prevent  loops  or  stretching 
of  the  metal  the  peripheral  speed  of  the  rolls  of  each  suc- 
cessive stand  must  increase  in  proportion  to  the  elonga- 
tion of  the  metal,  but  since  the  diameter  and  rpm.  of  the 
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rolls  is  fixed  the  reduction  for  each  stand  is  also  fixed 
as  long  as  the  initial  size  of  the  billet  is  unchanged.  This 
makes  the  mill  very  inflexible  and  difficult  to  set  up  and 
to  obtain  some  products  it  is  necessary  to  start  with  a 
special  size  billet  or  even  to  change  the  rolls  in  some 
stands. 

Obviously,  the  ideal  continuous  mill  would  have  indi- 
vidual drive  for  each  stand,  at  least  on  the  finishing  end, 
thus  allowing  the  use  of  any  desirable  combination  of 
speed  and  draft.  This  arrangement  has  been  used  for 
many  years  on  tandem  cold  strip  mills  when  the  rolling 


Fig.  3 — Switchboard  for  strip  mill  drive  at 
Trumbull  Steel  Company. 

speeds  are  low  and  the  distance  between  stands  is  com- 
paratively large  so  that  a  small  change  in  the  speed  ratio 
of  any  two  stands  docs  not  quickly  stretch  the  metal  or 
form  a  loop  too  large  to  handle.  A  high  speed  hot  mill 
such  as  that  at  Trumbull,  however,  finishes  at  speeds 
around  2.000  feet  per  minute  and  the  distance  between 
stands  is  but  eight  or  nine  feet,  therefore  the  speed  ratio 
between  stands  must  be  maintained  with  an  accuracy 
very  closely  approximating  that  of  gearing.  This  has 
been  successfully  accomplished  by  means  of  simple  and 
rugged  apparatus. 


AMERICAN  ELECTRICAL  SOCIETY  TO  HOLD 
MEETING  IN  MONTREAL 

Final  arrangements  for  the  forty-second  general 
meeting  of  the  American  Electrochemical  Society,  at 
Montreal,  Que.,  are  being  made  v^'hich  will  make  this 
meeting  one  of  the  best  in  the  history  of  the  society. 

The  meeting  will  be  opened  by  President  Schlue- 
derberg  on  Thursday  morning,  September  25,  and  the 
technical  program  will  proceed  with  the  presentation 
and  discussion  of  papers  on  electrolysis  and  electro- 
plating. The  recently  organized  Division  of  Electro- 
deposition.  G.  B.  Hogaboom,  chairman  ;  William  Blum, 
secretary,  will  be  well  represented  and  take  active  part 
in  the  discussion  of  these  papers. 

One  of  the  papers  of  the  Thursday  morning  session 
will  deal  with  the  physical  properties  of  electrolytic 
iron — a  product  which  is  being  turned  otit  commer- 
cially, contrary  to  all  predictions  of  10  years  ago. 
There  will  also  be  papers  on  zinc,  brass,  and  other 
electrodeposited  metals. 

On  Thtirsday  afternoon  and  Fridav  morning  a  very 
interesting   symposium   on    "Industrial    Heating"   will 


be  m  progress.  The  Electrothermic  Division,  Bradley 
Stoughton.  chairman  ;  Colin  G.  Fink,  secretary,  which 
held  _  a  most  successful  symposium  on  "Electric  Cast 
Iron  at  the  Baltimore  meeting,  in  April  last,  will  again 
be  m  charge.  Twelve  papers  especially  prepared  for 
this  session  and  dwelling  on  industrial  heating  in  elec- 
tric furnaces  other  than  fusion  and  melting  furnaces 
will  be  placed  open  to  discussion. 

There  will  be  papers  on  : 

a.  "History  of  Industrial  Heating." 

b.  "Principles  of  Design  of  Furnaces." 

c.  "Comparison  of  Fuel  Costs  in  Diflferent  Tvpes 
of  Electric  Furnaces,  and  With  Combustion  Fur- 
naces. (In  this  connection  electric  energy  would 
he  estimated  as  a  "fuel  cost.") 

d.  "Resistor  Materials." 

e.  "Specific  Heats." 

f.  "Electric  Conductivity  of  Insulating  Materials 
at  Industrial  Furnace  Temperatures." 

g.  "Heat  Emissivity." 
h.   "Heat  Transfer." 

There  will  be  an  excursion  to  Shawinigan  Falls,  af- 
tnrdmg  members  a  rare  opportunitv  to  inspect  the 
\arious  indu.strial  plants  of  one  of  the'most  progressive 
centers  on  the  continent.  It  is  planned  to  have  a  special 
ti-nm  f(ir  this  all-day  trip  from  Montreal. 

.\  popular  lecture  on  "The  Progress  in  Physical 
Science"  is  scheduled  for  Thursday  evening.  Section 
Q  will  be  in  charge  of  an  old-fashio'ned  smoker  on  Fri- 
day evening. 

The  headquarters  for  this  meeting  will  be  the  Hotel 
A\'indsor.  Members  and  guests  are  urged  to  make  their 
hotel  reservations  immediatelv. 


M'KUNE-EGLER-DANFORTH    OPEN    HEARTH 
SYSTEMS 

The  Miami  Metals  Company,  Arthur  G.  McKee 
&  Company  and  Blair  Engineering  Company  have  an- 
nounced that  they  have  assigned  the  Egler,  McKune 
and  Danforth  patents,  together  with  all  other  patents 
and  patent  applications  which  they  own,  which  relate 
to  combustion  in  a  regenerative  furnace,  to  the  Union 
Trust  Company  of  Cleveland.  Ohio,  trustee,  for  the 
Open  Hearth  Combustion  System  and  that  the  trustee 
is  empowered  to  grant  licenses  under  these  patents. 

This  an-nouncement  is  of  great  interest  to  the  trade. 
No  invention  in  recent  years  in  the  steel  industry  has 
attracted  more  favorable  comment  than  that  of  the 
blow  torch  open  hearth  furnace. 

Inasmuch  as  the  McKune  and  Egler  systems  obtain 
practically  the  same  results,  it  appears  as  if  the  best 
interests  of  the  steel  trade  will  be  furthered  by  a  con- 
solidation such  as  has  been  effected.  As  a  result  of 
this  consolidation  of  the  interests,  it  is  now  possible 
for  a  steel  plant  to  build  a  furnace  incorporating  the 
best  features  of  both  systems  without  being  liable  to 
suits  for  patent  infringements. 

The  Blaw-Knox  Company  of  Pittsburgh  have  been 
appointed  general  agents  for  the  exclusive  sale  and 
manufacture  of  all  equipment  covered  by  these  patents. 
With  their  plant  facilities,  special  engineering  and  serv- 
ice departments  composed  of  experts  in  open  hearth 
design  and  operation,  they  are  especially  qualified  for 
the  handling  of  this  department. 
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Gas   Burners    With   High   Efficiency 

Feature  of  Burner  Design  by  Muller  Is  That  It  Assumes  a  Very 
Intimate  Mixture  of  Gas  and  Air,  And  That  All  Gas  Pressure 
Fluctuations  Are  Fully  Compensated  for  By  the  Burner. 

By  A.  THAU 
Coke  Works  Superintendent,  Oxelosund  in  Sweden 


IN  his  lecture  before  the  American  Iron  and  Steel 
Institute  in  the  earlier  part  of  last  year,  Walter 
Flanagan  referred  to  the  methods  applied  on  Amer- 
ican works  to  burn  blast  furnace,  producer,  or  coke 
oven  gas.  On  European  works  and  particularly  in 
Germany,  where  in  accordance  with  the  peace  treaty 
huge  quantities  of  fuel  have  to  be  supplied  to  the  for- 
mer enemy  countries,  so  that  an  acute  scarcity  of  fuel 
is  felt  almost  everywhere,  heat  economy  has  become  a 
subject  of  extreme  importance  and  is  being  developed 
upon  quite  scientific  lines  to  make  use  of  every  source 
of  heat  and  to  exercise  the  utmost  economy  with  the 
available  fuels.  That  applies  in  the  first  instance  to 
the  efficient  burning  of  industrial  gases  to  which  the 
writer  has  also  paid  a  good  deal  of  attention,  and  giv- 
ing in  this  article  an  outline  of  his  experience  with  a 
particular  class  of  burner  which,  after  trying  almost 
every  available  other  type  on  the  market,  was  event- 
uall}^  adopted  by  him.  It  should  be  emphasized  in 
the  beginning  that  the  writer  is  neither  directly  nor 
indirectly  interested  in  the  construction  or  manufac- 
ture of  the  burner  and  advances  his  experience  solely 
for  the  benefit  of  his  fellow  engineers  abroad. 

The  burner  of  which  Fig.  1  gives  a  rough  sketch 
was  designed  by  Muller,  a  blast  furnace  engineer,  who 
during  the  war  was  faced  with  the  serious  problem  to 
make  the  available  quantities  of  blast  furnace  gas  go 
round,  and  who,  after  studying  closely  the  phenomena 
of  combustion  on  the  mouth  of  a  gas  burner  came  to 
the  conclusion  that  even  in  the  best  burner  design 
available  at  that  time,  there  was  great  room  for  im- 
provement. Therefore  in  1916  introduced  a  burner  of 
his  own  design  which  by  1919  was  so  perfected  as  to 
appear  successfully  on  the  market. 

It  is  a  comparatively  simple  matter  to  design  a 
burner  which  for  all  intents  and  purposes  is  nothing 
but  an  injector  with  gas  as  the  primer  pulling  in  the 
proper  amount  of  air  theoretically  required  for  the 
complete  combustion  of  the  gas.  We  know,  however, 
now  that  it  does  not  by  any  means  sufifice  the  require- 
ments of  ideal  combustion  to  get  the  theoretically  re- 
quired amount  of  air  or  even  a  small  excess  into  the 
burner,  especially  as  long  as  the  gas  pressure  remains 
fairly  constant.  The  main  problem  is  to  get  an  inti- 
mate mixture  between  gas  and  air  avoiding  separate 
gas  and  air  zones  leaving  the  burner  mouth. 

In  a  Lancashire  gas  fired  boiler,  for  instance,  it  has 
been  observed  that  the  burner  drew  in  an  excess  of 
air  over  that  required  theoretically  for  complete  com- 
bustion, still  there  was  carbon  monoxide  present  in 
the  flue  gases.  The  cause  for  this  was  traced  back  to 
the  fact  that  the  velocity  by  which  gas  and  air  passed 
straight  through  the  boiler  flues  was  so  great  that  the 
gas  and  air  zones  had  not  sufficient  time  to  form  an 
intimate   mixture  within   the  boiler  flues.     The   com- 


bustion extended  right  down  to  the  chimney  base  ac- 
counting for  the  presence  of  CO  and  a  great  waste  of 
heat  escaping  with  the  chimney  gases.  In  checking 
the  chimney  draught  to  reduce  the  velocity  of  the  com- 
bustible mixture  within  the  boiler  flues,  the  burner 
drew  in  less  air  with  the  result  that  not  sufficient  air 
was  available  for  combustion.  Therefore  the  temper- 
ature of  the  chimney  gases  dropped,  but  their  contents 
of  CO  increased  again.  The  only  remedy  was  to  re- 
duce the  gas  feed  to  the  burner  so  that  only  a  very  poor 
efficiency  could  be  obtained. 

The  writer  tried  another  much  advertised  type  of 
burner  with  coke  oven  gas  on  a  Lancashire  boiler.  In 
this  burner  the  gas  entered  in  the  form  of  an  annular 
ring  all  round  inside  the  cylindrical  body.  The  air  for 
combustion  was  drawn  in  by  a  very  large  central  noz- 
zle fixed  to  the  outer  end  of  the  body.  The  combus- 
tion was  quite  normal,  but  by  a  sudden  unnoticed  in- 
crease of  gas  pressure  the  annular  gas  stream  by  its 
increased  volume  tapered  the  air  space  down  so  much, 
that  eventually  ik)  air  at  all  was  drawn  in.  The  gas  ex- 
tinguished, traveled  unburnt  through  the  boiler  flues 
and  ignited  in  the  chimney  flue  causing  a  disastrous 
explosion  in  which  the  writer  nearly  lost  his  life. 

From  the  foregoing  remarks  the  plain  conclusion 
must  be  drawn  that  the  ideal  burner  must  be  so 
designed  as  to  assure  the  formation  of  a  very  intimate 
mixture  of  gas  and  air  on  its  heating  way,  and  that 
the  burner  must  be  effectively  able  to  cope  with  the 
variations  of  gas  pressure  which  cannot  be  avoided  in 
the  gas  circuits  of  large  works.  The  length  which  the 
gas  flame  is  to  have  on  its  way  of  combustion  is  a  mat- 
ter of  selecting  the  proper  size  of  burner,  able  to  deal 
with  the  corresponding  volumes  of  gas  and  air. 

The  gas  burner  by  Muller  serves  these  require- 
ments better  than  any  of  the  many  types  I  have  had 
under  my  care  for  many  years.  Its  particular  feature 
rests  with  the  fact,  as  will  be  seen  from  the  sketch  in 
Fig.  1  that  by  means  of  a  number  of  fixed,  peculiarly 
twisted  blades,  the  gas  entering  the  burner  is  forced 
to  a  rotating  cork-screw-like  motion  on  its  way  of  com- 
bustion. The  burner  is  slightly  differently  designed 
for  the  purposes  for  which  it  may  be  applied  and  for 
dififerent  kinds  of  gases  used  for  heating.  For  use  in 
Lancashire  or  Cornish  boilers  it  is  provided  with  chan- 
nels bent  outwards  in  the  direction  of  the  burner 
mouth  so  that  the  flame  is  thrown  by  centrifugal  force 
on  to  the  inner  walls  of  the  boiler  tubes,  and  as  the 
cork-screw-like  rotation  is  maintained  right  through 
the  whole  length  of  the  tubes,  a  very  intimate  contact 
between  flame  and  tube  plates  is  assured.  The  burner 
consists  of  a  short  cylindrical  body,  and  if  the  flame  is 
to  be  centrifugally  spread  out  like  in  the  case  of  Lan- 
cashire or  Cornish  boilers,  the  burner  body  increases 
in  diameter  towards  its  mouth,  while  in  cases  where  it 
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is  desirable  to  retain  the  flame  more  on  a  central  axis, 
like  for  instance,  in  blast  furnace  stoves,  the  burner 
body  is  best  tapered  towards  its  mouth. 

The  front  portion  of  the  burner  is  divided  by  fixed 
and  twisted  plates  into  a  number  of  radially  distributed 
compartments,  of  which  to  everyone  connected  to  the 
gas  delivery,  the  two  on  each  side  of  it  are  open  to 
the  atmosphere  serving  as  air  inlets.  By  the  peculiar 
twist  of  the  blades  forming  the  gas  and  air  chambers, 
the  partitions  form  together  a  screw  with  different 
pitch  for  gas  and  air  so  that  the  free  area  left  is  dif- 
ferently proportioned  in  accordance  with  the  heating 
value  of  the  gas.  In  front  of  the  housing  holding  the 
gas  and  air  chambers  is  a  distributing  space  for  the 
gas,  connected  by  means  of  a  valve  to  the  gas  supply 
main.  The  air  for  combustion  is  automatically  drawn 
in  by  the  gas.  The  burner  difl:'ers  from  nearly  all  oth- 
ers in  that  it  is  not  at  all  attempted  to  force  the  gas 
and  air  into  an  intimate  mixture  inside  the  burner 
body,  but  upon  leaving  the  burner  mouth,  gas  and  air 
are  divided  into  a  number  of  fine  streams  being  dis- 
tributed over  the  periphery  in  proper  rotation.  The 
way  by  which  gas  and  air  leave  this  burner  and  enter 
for  instance  a  boiler  tube  can  best  be  explained  by 
comparing  it  with  rope  making.  Like  in  rope  making, 
the  single  threads  are  issued  over  a  distributing  ring, 
and  by  turning  round  all  the  time,  for  a  thick  rope 
which  keeps  also  turning  all  the  time,  so  shoot  from 
this  burner  thin  streams  of  air  and  gas  through  the 
annular  burner  mouth,  forming  inside  the  boiler  tube 
a  large  hollow  rotating  column  like  a  hollow  rope.  It 
is  very  interesting  to  observe  this  rotating  combustion 
by  throwing  a  small  fairly  hard  pressed  ball  of  paper 
into  the  burner,  and  its  spiral  passage  through  the 
will  lie  length  of  the  tulic  can  be  very  plainly  observed. 
To  attain  such  a  way  of  combustion  was  a  great  step 
forward,  since  with  most  other  burners  in  which  the 
flame  burns  simply  on  a  horizontal  axis  into  the  tubes, 
an  intimate  contact  by  which  every  single  spot  of  the 
inner  tube  plate  is  covered  by  the  flame  cannot  be  at- 
tained without  a  great  excess  of  heat  and  consequent 
waste  in  the  chimney  flue. 

While  in  the  case  of  blast  furnace  gas  the  required 
mixture  for  combustion  is  about  1:1,  with  coke  oven 
gas  the  proportion  is  about  5:1,  so  that  in  the  latter 
case  the  number  of  chambers  dividing  gas  and  air  into 
single  streams  is  largely  increased,  compared  with  the 
former  to  ensure  an  intimate  mixture  and  complete 
combustion.  The  whole  burner  is  made  of  cast  iron 
to  ensure  a  tight  separation  between  gas  and  air  dis- 
tributing chambers  since  leaks  would  cause  a  pre- 
ignition  or  a  back  firing  and  would  disturb  the  proper 
operation.  For  the  same  reason  must  the  burner  be 
tightly  fixed  to  the  boiler  face  to  prevent  any  air  from 
entering  the  combustion  flue  except  through  the  proper 
channels  in  the  burner  itself. 

In  the  case  of  blast  furnace  stoves,  the  burner  is 
fixed  at  the  base  projecting  into  the  combustion  cham- 
ber and  such  a  special  design  is  applied  that  the  com- 
bustion products  rise  in  the  central  shaft  of  the  Cowper. 
This  precaution  is  being  taken  as  otherwise  if  the 
flames  were  allowed  to  impinge  upon  the  brick  work 
inside  the  stove,  the  walls  would  suffer  too  much.  This 
effect  is,  as  already  mentioned,  being  reached  by  giving 
the  burner  body  a  certain  taper  towards  its  mouth 
contrary  to  the  shape  applied  to  Lancashire  or  Cornish 
boilers. 

To  illustrate  the  operation  of  the  burner  a  few  aver- 
age  figures  are   added   from   the   daily  returns   of   the 


works  referring  to  Lancashire  boilers  heated  by  blast 
furnace  gas. 

Calorific  value  of  gas  : 

1006  Cal./cbm.,  113  Btu./cbft. 

Analysis  of  gas : 

COj    12.2% 

CO     28.0% 

Cn  Hn    0.4% 

Hj    3.6% 

Oj    :....  0.0% 

N,    55.8% 


100.00 


Fig.  1 — Diagram  of  the  burner. 

Temperature  of  gas 12deg.  C.  54  deg.  F 

Gas  pressure  in  main  line ISO  mm.  6' WG. 

Gas    pressure    ^between     valve     and 

burner 80-100  mm.  3-4"  WG 

Draught  on  back  end  of  boiler  tubes  22-25  mm.  %-l"  WG 

Draught  in  chimney  flue..  .; 29  mm.  Ij^"  WG 

Temperature  on  back  end  of  boiler 

^    tubes    540  deg.  C.  1004  deg.  F. 

I  emperature  of  chimney  gases 180  deg.  C.  356  deg.  F. 

Analysis  of  combustion  products  : 

CO,   25.0% 

Oj    traces 

CO   nil 

Steam  raised  per  hour — 29-31  kg.  per  m^  heating 
surface  =  5.945-6.355  lb.  per  square  foot  heating  sur- 
face. 

Steam  pressure  in  boiler — 6-7  atmospheres  88.2- 
102.9  lb.  per  square  inch. 

Feed  water  temperature — 56  deg.  C,  133  deg.  F. 

Possible  increase  over  normal  capacity — 40%. 

While  with  the  former  burners  which  were  replaced 
by  those  of  Muller  the  gas  consumption  was  1.1-1.2 
cbin.  per  kg,  steam  =  17.61-1921  cbft.  per  lb.  steam. 
This  figure  was  improved  upon  by  the  new  burner  to 
0.844-0.881  cbm.  gas  per  1  kg.  steam  ~  13.51-14.15 
cbft.  of  gas  per  lb.  steam,  being  equal  to  a  saving  of 
15-17  per  cent. 
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The  heat  developed  by  this  burner  is  much  more 
intense  compared  with  the  formerly  adopted  tvpes. 
and  while  formerly  650-750  deg.  C.  =  1202-1382' deg. 
F.  were  reached,  an  average  of  800  deg.  C.  =  1472  deg. 
F.  can  now  be  maintained  without  special  efforts. 

The  increase  of  temperature  makes  itself  favorably 
felt  in  the  heating  of  blast  furnace  stoves.  By  driv- 
ing the  stack  moderately  it  can  be  assumed  that  one 
Cowper  is  two  hours  under  wind  and  two  stoves  heat- 
ing for  six  hours.  This  mode  of  working  was  consid- 
erably improved  upon  by  equipping  the  stoves  with 
Muller  burners  with  the  result  that  by  the  quicker 
heating  instead  of  three  or  two  Cowpers  being  heated 
onh'  two  or  one  are  required.  By  these  means  the  work 
of  the  man  in  charge  was  greatly  reduced.  In  case  of 
new  plants  it  may  even  be  possible  to  reduce  the  num- 
ber of  stoves  by  one  and  on  plants  with  existing  Cow- 
pers, one  stove  may  be  set  apart  as  a  stand  by. 

By  reducing  the  number  of  stoves  and  shortening 
the  way  of  the  hot  blast  mains  a  further  saving  of  heat 
is  effected  by  reducing  the  surface  area  losing  heat 
by  radiation  depending  of  course  greatly  upon  local 
conditions. 

Since  1919,  when  the  trials  with  the  first  designs 
were  concluded  under  all  possible  conditions,  over  300 
burners  of  this  type  have  been  introduced  for  all  pur- 
poses where  industrial  gases  are  used  for  heating,  viz : 
Boilers,  stoves,  reheating  furnaces,  forges,  also  for  the 
heating  up  of  steel  converters  and  ladles  and  for  indus- 
trial furnaces  of  any  kind. 

These  burners  have  remarkable  properties  to  cope 
with  even  the  most  severe  fluctuations  of  gas  pressure. 
Back  firing  is  practically  unknown.  Two  pressure 
charts,  taken  from  Lancashire  boilers,  were  recently 
compared.  One  of  the  boilers  was  heated  by  coke 
oven  gas,  while  the  other  was  heated  by  blast  furnace 
gas.  Comparing  the  two  charts,  it  was  found  that  the 
contents  of  CO;  in  the  flue  gases  remain  almost  con- 
stant showing  that  the  great  pressure  fluctuations  as 
recorded  on  the  gas  pressure  chart  are  fully  compen- 
sated by  the  burner. 

With  the  coke  oven  gas  the  CO,  contents  averaged 
about  9.5  per  cent  with  the  blast  furnace  gas  22.5  per 
cent.  A  boiler  efficiency  of  85-87  per  cent  is  being 
continuously  maintained  as  long  as  the  boilers  are 
fairly  clean  and  in  case  of  blast  furnace  gas  when  the 
contents  of  dust  are  not  too  high. 


AMERICAN  ELECTROCHEMICAL  SOCIETY'S 
FALL  MEETING 

Final  arrangements  for  the  forty-second  general 
meeting  ofthe  American  Electrochemical  Society,  at 
Montreal,  Que.,  September  21.  22  and  23,  are  being 
made.  The  technical  program  for  Thursday,  Septem- 
ber 21,  will  include  papers  on  electrolysis  and  electro- 
plating. The  recently  organized  division  on  electrode- 
position  (G.  B.  Hogaboom,  chairman  :  \\'illiam  Blum, 
secretary.)  will  be  well  represented  and  take  active  part 
in  the  discussion.  One  of  the  papers  will  deal  with  the 
physical  proprties  of  electrolytic  iron.  There  will  also 
be  papers  on  zinc,  brass  and  other  electro  deposited 
metals. 

On  Thursday  afternoon  and  Friday  morning  a  S}-m- 
posium  on  "Industrial  Heating"  will  be  in  progress. 
The  electrothermic  division  (Bradley  Stoughton,  chair- 
man ;  Colin  G.  Fink,  secretary,)  which  held  a  successful 
symposium  on  "Electric  Cast  Iron"  at  the  Baltimore 


meeting,  in  April,  will  again  be  in  charge.  Twelve 
papers  especially  prepared  for  this  session  and  dwelling 
on  industrial  heating  in  electric  furnaces,  will  cover 
history  of  industrial  heating;  principles  of  design  of 
furnaces;  comparison  of  fuel  costs  in  difTerent  types  of 
electric  furnaces,  and  with  combustion  furnaces  (in 
this  connection,  electric  energy  would  be  estimated  as 
a  "fuel  cost")  ;  resister  materials  ;  specific  heats  ;  electric 
conductivity  of  isulating  materials  at  industrial  furnace 
temperatures  ;  heat  emissivity,  and  heat  transfer. 

There  will  be  an  excursion  to  Shawinigan  Falls  to 
inspect  the  various  industrial  plants  of  one  of  the  most 
interesting  centers  on  the  continent.  A  popular  lecture 
on  the  "Progress  in  Physical  Science"  is  scheduled  for 
Thursday  evening.  Section  Q  will  be  in  charge  of  an 
old-fashioned  smoker  on  Friday  evening.  The  head- 
quarters for  this  meeting  will  be  the  Hotel  Windsor. 


PROFESSOR  STUMPF  ENTERTAINED 

Prof.  Johann  Stumpf,  Berlin,  Germany,  inventor  of 
the  Unaflow  engine,  who  is  making  a  tour  of  the  United 
States,  was  the  guest  of  Manager  Neil  C.  Lamont, 
Laidlaw  Works  of  the  \\'orthington  Pump  &  Machin- 
ery Corporation,  Cincinnati,  on  August  22.  Mr.  La- 
mont had  invited  the  members  of  the  American  Society 
of  ]\Icchanical  Engineers,  Cincinnati  branch,  to  meet  at 
the  plant  for  the  purpose  of  inspecting  the  latest  type  of 
engines  and  compressors  and  also  to  hear  Professor 
Stumpf  deliver  an  address  on  the  latest  developments 
in  the  L^naflow  engine.  Following  an  inspection  of  the 
shops  and  a  number  of  engines  in  operation,  dinner  was 
served  in  the  dining  room  at  the  plant,  at  which,  in 
addition  to  the  visiting  engineers,  oflicials  and  shop 
foremen  of  the  company  were  present. 


EXPLOSION  WHEN  GAS  IS  TURNED  OFF 

Under  the  above  heading,  a  paper  was  read  before 
the  Societe  de  ITndustrie  du  Gas  en  France  by  M.  L. 
Causse. 

Comment  is  made  upon  the  fact  that  while  at  times 
no  explosion  takes  place,  at  other  times  it  is  consider- 
abl}'  retarded,  and  in  general,  varies  in  intensity. 

Explosions  never  occur  where  there  is  a  pre-admix- 
ture  of  air,  and  the  latter  should  enter,  therefore,  while 
the  residual  gas  is  leaving  the  apparatus.  The  residual 
gas  leaves  the  apparatus  because  it  is  lighter  than  air, 
and,  in  addition,  because  it  is  warm. 

Tests  have  been  made  with  a  view  to  retarding  the 
explosion,  whereby  the  phenomenon  could  be  brought 
more  readily  under  experimental  observation.  .\n  illus- 
tration is  given  of  an  apparatus  which  has  been  de- 
signed whereby  it  is  possible  to  ascertain  what  happens 
prior  to  the  explosion,  what  determines  the  moment  of 
explosion,  and  also  what  determines  the  greater  or 
smaller  force  of  the  explosion. 

Minute  details  are  given  relative  to  what  happens 
din-ing  the  first  period,  the  explosion  itself,  the  causes 
of  delay  and  the  force  of  the  explosion.  It  is  shown 
that  this  latter  is  a  complicated  phenomenon  which 
brings  into  play  all  the  characteristic  properties  of  a 
gas  and  enables  many  incidental  problems  to  be  worked 
out,  particularly  with  the  aid  of  self-registering  con- 
trivances, and  in  this  respect  reference  is  made  to  an 
ap])aratus  which  has  been  devised  by  the  author,  based 
on  the  principle  of  automatic  recording  of  the  time  in- 
terval which  elapses  before  the  explosion  takes  place 
after  the  gas  is  shut  oflf. 
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A   Study  of  Valves  For  Furnaces 

Operating    Difficulties    and    Problems    Which    Result    from    the 
Design  of  Reversing  Valves  for  Regenerative  Furnaces. 

By  HAAKON  HELLAN 


PRODUCER  gas  is  now  pretty  well  recognized  as 
the  most  satisfactory  fuel  for  heating  furnaces  and 
open  hearth  furnaces.  The  furnace  men  like  it  for 
its  smooth  and  even  heat,  and  it  is  not  by  far  so  danger- 
ous as  the  richer  gases,  such  as  by-product  and  natural 
gas.  With  the  ehmination  of  natural  gas  for  industrial 
purposes,  the  producer  gas  is  bound  to  find  a  more  ex- 
tensive use  than  at  the  present.  Although  it  has  been 
in  use  for  some  time,  there  are  still  many  problems  in 
connection  with  it  that  are  yet  little  understood. 

Great  improvements  in  arrangement  of  flues  have 
been  made  in  the  last  few  years  by  engineers  who  have 
specialized  in  this  line,  but  the  majority  of  the  steel 
plant  engineers  have  not  kept  posted  on  the  progress 
made,  and  a  good  many  troubles  from  dust  collection, 
tar,  and  poor  gas  could  probably  have  been  avoided  if 
the  problem  was  tackled  with  the  right  understanding. 

The  regenerative  method  for  preheating  gas  and  itT 
enables  us  to  obtain  temperatures  in  the  furnaces  suffi- 
ciently high  for  almost  all  purposes.  In  a  furnace  plant 
lay-out  the  furnaces  with  regenerators  are  generally 
located  in  a  building  by  themselves,  and  the  gas  pro- 
ducers are  housed  in  a  separate  building  parallel  to  the 
furnace  building.  These  units  are  connected  by  flues 
both  over  and  under  ground  which  conduct  gas  and  air 
to  the  furnace  and  which  dispose  of  the  combustion 
gases  from  the  process.  Valves  and  dampers  are  used 
to  control  the  flow  of  these  gases.  The  whole  flue  lay- 
out depends  upon  the  kind  of  valves  that  are  employed, 
as  does  also  the  efficiency  of  the  furnace.  It  is  therefore 
of  utmost  importance  to  use  valves  that  will  satisfy  their 
purpose  without  any  detriment  to  the  operation.  We 
must  distinguish  between  shut-ofif  valves,  regulating 
valves  and  reversing  valves. 

Shut-off  valves  on  the  gas  line  are  used  to  close  oiiE 
some  part  of  the  flue  system  from  the  main  and  are  used 
rarely.  Their  principal  uses  are  in  case  of  trouble  or 
when  the  furnace  goes  down  and  is  put  on.  A  hori- 
zontal sand  damper  used  to  be  the  most  common  con- 
trivance for  this  purpose,  but  a  cast  iron  mushroom 
valve  (Fig.  1)  is  more  easily  operated  and  can  be  con- 
veniently arranged.  Gate  valves  are  very  common  for 
shutting  off  producers  to  the  gas  main,  but  are  also 
used  where  the  valve  is  wanted  in  a  horizontal  run. 
The  valves  are  kept  tight  against  the  seat  by  keys, 
which  have  to  be  tightened  and  released  every  time 
the  valves  are  used. 

To  regulate  the  gas  and  air  a  butterfly  valve,  a 
mushroom  valve  or  a  damper  can  be  used.  Butterfly 
valves  are  common  for  overhead  gas  flues.  When  the 
mushroom  type  is  used  we  can  get  along  with  the  same 
valve  for  both  shutting  off  and  to  regulate,  but  it  must 
be  made  to  withstand  the  excess  heat.  Dampers  are 
generally  used  to  regulate  areas  of  underground  flues 
and  are  provided  also  for  control  of  waste  gases  from 
the  furnace  and  to  regulate  the  stack  draft. 

When  the  checkers  in  the  regenerative  chambers 


have  given  up  enough  heat  to  become  noticeable  on  the 
furnace  temperature  the  direction  of  the  gases  is  re- 
reversed. 

The  angle  valve  (Fig.  1)  as  it  is  used  for  shut-off 
valve  on  the  gas  main  and  burn-out  valve  to  the  stack 
has  a  cast  iron  mushroom  valve  that  seats  itself  on  an 
iron  ring.  It  is  often  necessary  to  sand  these  valves  to 
prevent  leakage,  and  the  sand  is  thrown  in  through  a 
door  on  the  side  of  the  valve  box.  Two  such  valves 
(Fig-  2),  both  connected  with  the  furnace  flue  and  alter- 
natingly  opened,  was  the  logical  step  towards  revers- 
ing valves.  The  air  valve  (Fig.  3)  is  of  a  similar  con- 
struction, only  the  intake  is  at  the  top  of  the  valve  box, 
and  the  opening  is  regulated  by  varying  the  lift.  The 
gas  valves  did  not  stand  up  in  the  heat,  and  before  they 
were  used  long  the  valves  and  stems  were  made  hollow 
and  watercooled,  as  in  Fig.  4.  They  also  proved  diHi- 
cult  to  keep  tight,  and  an  annular  water  trough  was 
provided  to  furnish  the  seal  in  connection  with  a  de- 
pending edge  on  the  valve,  as  shown  in  Fig.  5.  In  some 
cases  the  valve  falls  down  on  the  edge  of  the  bottom 
pan  and  rests  on  it  when  closed,  but  it  is  better  practice 
to  limit  the  stroke,  so  that  the  valve  seals  properly  into 
water  without  touching  the  pan. 

The  Knox  reversing  valve  system,  which  is  being 
used  cjuite  extensively,  consists  of  mushroom  valves  in 
connection  with  inclined  dampers  which  close  and  open 
for  the  waste  gases  to  the  stack.  The  gas  valve,  both 
dampers  and  the  seats  are  watercooled.  Gas  is  ad- 
mitted directly  from  the  gas  main  without  going  under- 
ground, and  the  waste  gases  are  delivered  directly  into 
the  stack  flue  without  compelling  them  to  go  through 
the  valve.  The  valves  are  shown  in  Figs.  6  and  7.  Two 
gas  valves  and  two  air  valves  are  needed  for  one  fur- 
nace, and  each  valve  has  its  damper.  The  valves  and 
dampers  operate  with  a  few  seconds  interval,  and  about 
30  seconds  are  required  for  a  complete  reversal.  This 
interrupts  to  some  extent  the  operation  of  the  furnace 
and  the  process.  The  air  valve  area  is  regulated  from 
a  stand  above. 

The  mushroom  valves  in  original  or  improved  form 
always  required  much  room,  as  every  valve  had  three 
ports  and  there  were  always  four  valves  required.  A 
great  saving  of  space  was  affected  by  arranging  the  gas 
and  air  valve  boxes  over  their  respective  boxes  for 
stack  valves,  as  shown  in  Figs.  8  and  9.  This  permitted 
the  gas  to  enter  from  above,  directly  from  the  gas  main, 
an  advantage  that  eliminates  a  lot  of  trouble  from  soot 
collection  in  an  underground  pocket.  The  water  enters 
the  valve  stem  at  the  top  through  a  flexible  hose,  is 
then  conducted  through  a  small  pipe  inside  the  valve 
stem  down  to  the  bottom  flange,  from  where  it  rises  and 
overflows  through  another  small  pipe  into  the  open 
valve.  From  the  valve  the  water  flows  into  the  bottom 
pan  through  a  notch  in  the  outer  edge,  or  some  valves. 
Some  valves  have  an  elaborate  contrivance  of  tele- 
scoping pipe  sections  to  conduct  the  water  into  the 
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bottom  pan.  In  its  top  jiositioii  the  gas  valve  seals  off 
to  the  main  by  a  vvatercooled  diaphragm.  The  air  valve 
is  closed  to  the  atmosphere  in  a  similar  way,  but  the 
diaphragm  in  this  case  is  made  of  just  one  plate,  no 
water  cooling  being  necessary.  The  valve  area  is  reg- 
ulated by  two  half-circular  plates  hinged  on  the  diag- 
onal. The  other  great  advantage  these  valves  have 
over  the  three  port  mushroom  valves  is  their  simple 
arrangement  of  underground  flues.  (See  diagram.  Fig. 
16.)  If  the  valves  did  not  possess  one  very  objection- 
able feature  they  would  doubtless  have  become  more 
generally  used.     Whenever  gas  is  brought  in  contact 


prevents  the  valve  from  closing  tightly.  Another  dififi- 
culty  with  this  valve  was  the  leakgc  around  the  edges 
of  the  casing.  Air  was  drawn  into  the  gas  flues,  caus- 
ing unexpected  explosions  in  the  flues  and  the  furnace, 
and  the  valve  casing  suffered  and  was  sometimes  burnt 
up  in  a  week.  It  was  necessary  to  have  a  supply  of 
castings  on  hand  at  all  times.  Still  the  valves  are  being 
used  for  l)oth  gas  and  air,  the  air  \alve  having  an  ad- 
justable mushroom  valve  to  regulate  the  opening  at 
the  top. 

The  Forter  valve  substituted  the  butterfly  with  a 
moveable  hood  and  swung  it  by  one  pair  of  rocker  arms 


STUCK         tv     :;   TO  FvnttMtt 


with  open  water,  it  cools  off  and  absorbs  the  moisture, 
which  is  carried  along  to  the  furnace  as  a  burden. 
Water  is  also  easily  splashed  over  into  ports  and  flues, 
from  where  it  has  to  be  evaporated  by  the  waste  gases 
at  the  expense  of  draft.  Besides,  it  does  a  lot  of  dam- 
age to  the  brickwork. 

From  another  type  is  developed  an  entirely  differ- 
ent group  of  reversing  valves.  The  original  "butterfly" 
valve,  or  Siemens  valve,  is  shown  in  Fig.  10.  It  consists 
simply  of  a  cast  iron  plate  rocked  back  and  forth  when 
reversing  and  fitted  against  seats  on  the  cast  iron 
casing.  The  valve  is  extremely  simple  to  install  and 
operate,  as  well  as  low  in  first  cost.  But  there  is  often 
considerable  trouble  due  to  warping  of  the  valve  oc- 
casioned by  hot  gases  on  one  side  and  comparatively 
cool  gases  on  the  other.  Attempts  have  been  made  to 
overcome  this  by  watercooling  both  valve  and  casing, 
but  without  great  success.  There  is  also  at  times  leak- 
age at  the  seat,  due  to  the  deposit  of  soot  and  tar,  which 


from  one  position  to  another.  An  improvement  of  this 
\al\e  is  the  W'ellman-Seaver-JMorgan  valve,  shown  in 
Fig.  11.  The  hood  is  here  carried  by  two  pairs  of 
rockeranns,  but  arranged  on  the  outside  of  the  casing 
and  thus  protected  from  the  hot  gas. 

A  valve  that  is  the  same  in  principle,  but  operates 
by  moving  both  the  hood,  pan  and  the  casing  on  an  iron 
seat,  is  the  Schild  valve  (Fig.  12). 

All  these  valves  receive  the  gas  at  the  top  and  re- 
quire a  very  simple  flue  lay-out  (Fig.  18).  A  recent 
valve  on  somewhat  the  same  principle  is  the  Islej'  valve 
(Fig,  13).  It  has  two  brick-lined  hoods,  connected  and 
operated  by  a  system  of  parallel  lexers.  Two  valves  are 
required  for  one  furnace.  The  one  in  Fig.  13  is  open  for 
gas  and  air  to  one  side  of  the  furnace,  while  the  other 
connects  the  furnace  flues  to  the  stack.  The  valves  re- 
quire more  space  than  any  other.  The  gas  has  to  be 
brought  underground  to  the  valve  and  there  is  the  same 
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difficulty  with  water  as  mentioned  before.     A  diagram 
of  the  flue  lay-out  is  shown  in  Fig.  19. 

A  type  of  reversing  valve  alone  is  the  Blair  valve. 
Its  main  feature  is  the  refractory  lined  bent  tube,  which 
has  one  end  always  connected  with  the  furnace  and  the 
other  alternatingly  connected  to  the  underground  gas 
flue  or  to  the  stack  flue.  There  are  three  valves  needed 
for  one  furnace,  two  for  gas  and  one  for  air.  In  the 
case  of  the  air  valve  the  tube  is  used  to  conduct  the 
waste  gases  from  the  air  regenerators  to  the  stack, 
while  the  uncovered  port  is  the  air  valve,  which  is  reg- 
ulated by  a  butterfly  valve-  A  diagram  of  the  flue  lay- 
out is  shown  in  Fig  17,  and  Fig.  14  is  a  cross  section  of 
gas  valves  and  flues  in  connection  with  regulating 
valves  for  a  pit  furnace.  The  gas  is  conducted  through 
a  vertical  leg  to  an  underground  flue,  where  it  can  be 
shut  off  and  opened  by  the  mushroom  valve  at  will. 
Before  the  tube  is  removed  the  valve  is  closed,  and 
very  little  gas  is  lost.  The  tube  is  operated  on  a  track 
by  a  motor  or  a  hydraulic  cylinder.    The  base  casting 
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is  watercooled  and  the  ends  of  the  tubes  make  a  perfect 
seal  into  the  water,  when  in  position.  The  section 
shows  plainly  the  expensive  underground  flue  arrange- 
ment ;  and  the  added  cost  of  keeping  the  flues  clean  and 
maintaining  the  brickwork  gives  this  valve  a  distinct 
disadvantage,  as  compared  with  other  valves  of  recent 
make.  Another  feature  is  the  location  of  the  gas  cham- 
bers on  the  outside  of  the  air  chambers,  an  arrange- 
ment which  leads  to  greater  radiation  losses. 

The  reversing  valves  just  described  comprise  the 
types  that  are  now  quite  generally  used.  We  have 
noted  the  good  points  and  disadvantages  of  them  all 
and  are  able  to  judge  what  is  desirable  and  what  should 
be  avoided  in  such  valves.  Some  people  are  in  favor  of 
one  type  and  have  a  prejudice  against  another,  although 
quite  often  the  principle  of  the  valve  is  not  so  much  at 
fault  as  the  circumstances  under  which  they  are  used. 
The  reversing  mechanism  for  mushroom  valves  is  very 
often  designed  with  an  erroneous  object  in  view,  and 
the  valves  are  blamed  for  troubles  arising  from  this. 
Some  other  types  have  the  valves  operated  in  pairs, 
other  valves  are  independently  operated  and  counter- 
weighted.      Some    take  longer  time   to   reverse   than 


others.  One  difficulty 
is  the  explosions  in  the 
ing  on  their  way  to  the 
trouble  closely  related 
being  short  circuited 
period  of  the  reversal 
a  good  deal  by  some 
argument  for  their  v 
to  meet  this  trouble 


they  all  have  tried  to  eliminate 
flues  due  to  the  gas  and  air  mix- 
stack  after  a  reversal.  Another 
to  this  is  the  feature  of  the  gas 
to  the  stack  during  the  short 
.  This  latter  point  is  stressed 
manufacturers  and  used  as  an 
alves,  which  have  been  built 
When  we  consider  that  the  re- 
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versal  of  an  individual  valve  hardly  takes  more  than 
one  or  two  seconds,  and  during  that  time  is  only  partly 
open,  very  little  gas  can  be  lost  due  to  this  source  as 
compared  with  all  the  gas  trapped  in  the  checker  cham- 
ber and  flues,  and  which  has  to  be  driven  out  through 
the  stack.  Let  us  suppose  we  have  a  36-in.  gas  valve 
for  a  70-ton  open  hearth  furnace  connected  to  two  gas 
producers,  each  gasifying  3,000  lbs.  of  coal  per  hour. 
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The  amount  of  gas  produced  per  hour  =  2  X  3,000  X 
60  =:  360,000  cu.  ft.  per  hour,  or  100  cu.  ft.  per  second. 
Area  of  3-ft.  valve  =  7  sq.  ft.  Velocity  of  gas  =  100/7 
=  14.3  ft.  per  sec.  It  takes  about  one  second  to  reverse 
the  valve  and  in  that  time  we  can  assume  it  to  be  half 
open  at  an  average.  The  loss  of  gas  will  be  =  14.3  X 
7  X  3<^  =  50  cu.  ft.  per  reversal,  or  for  four  reversals  per 
hour  =  50  X  4  =  200  cu.  ft.  per  hour,  In  a  year  of  300 
days'  operation  this  loss  represents  200  X  24  X  300  = 
1,440,000  cu.  ft.— 1  ton  of  coal  @  2,000  lbs.  =  120,000 
cu.  ft.  of  gas.  The  loss  of  gas  due  to  this  source  will 
then  become  equivalent  to : 


just  entered  the  vaKes  on  the  way  to  the  furnace  both 
are  at  their  lowest  temperature,  and  the  sooner  they 
are  brought  together  the  lower  the  temperature,  and 
the  less  the  danger  from  explosion.  By  quickly  and 
simultaneously  reversing  both  gas  and  air  valves,  we 
would  mix  cold  air  and  unregenerated  gas.  It  is  there- 
fore quite  obvious  that  quick  acting  valves  all  operating 
together  is  the  most  logical  solution  of  the  problem. 
It  must  also  be  evident  that  to  close  the  valves  on  the 
main  (gas  flue)  before  changing  the  reversing  valves  is 
entirely  unnecessary  ancl  dcjcs  not  prevent  anything, 
just  delays  the  operation. 


Fig.  20. 


1,440,000 
120,000 


^  12  tons  of  coal  per  year. 


.\t  the  same  time  the  loss  of  gas  in  the  checker 
chambers  and  flues  can  be  computed  for  a  chamber  of 
2,000  cu.  ft.,  and  the  loss  would  represent ; 


2.000  X  4  X  24  X  300 
120,000 


480  tons  of  coal  per  )ear, 


The  size  of  air  valve  is  often  made  longer  than  the 
gas  valve,  as  the  amount  of  air  required  for  combus- 
tion is  about  1  gas  to  abt.  1.33  air  of  the  same  tempera- 
ture and  [iressure.  The  gas  has  a  temperature  of  about 
1,000  deg.  F.  through  the  valve,  and  the  temperature 
of  the  air  is  about  62  deg.  F.  Under  constant  pressure, 
the  volume  of  air  is  directly  proportionate  to  its  abso- 
lute temperature,  or 


which  would  be  a  considerable  item  if  the  plant  has 
many  large  furnaces. 

An  explosive  mixture  and  a  spark  or  a  sufficiently 
high  temperature  are  required  to  cause  an  explosion. 
Assuming  that  we  always  get  an  explosive  mixture,  a 
spark  can  be  carried  as  a  glowing  soot-particle  in  the 
gas  at  any  time,  and  this  danger  is  no  less  if  gas  and 
air  valves  were  reversed  with  a  few  seconds  interval 
than  if  they  were  reversed  at  the  same  time.  Regarding 
the  danger  of  explosion  due  to  a  high  temperature  of 
the  mixture,  we  find  this  condition,  that  the  gas  and  air 
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Vi  =  vol.  of  gas  at  62  deg.  and  V,  vol.  at  1,000  deg. 
.Amount  of  air  at  62  deg.   required    for  combustion   = 

^0  X  '■''  =  '■''  ^'- 

(n  other  words,  an  air  valve  of  an  area  equal  to  0.48 
(it  the  gas  valve  area  would  be  sufficient  to  supply  the 
necessary  air  for  complete  combustion.  Gas  has  an 
initial  pressure  at  the  producers  of  about  1^  in.  w.  g.. 
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but  must  of  this  is  lost  before  it  reaches  the  reversing 
valves.  We  can  safely  figure  that  gas  and  air  go 
through  the  valves  under  the  same  pressure,  and  the 
stack  is  generally  the  medium  for  drawing  both  gas 
and  air  into  the  furnace  and  dispose  of  the  waste  gases 
into  the  atmosphere.  The  gas  checkers  and  flues  get 
clogged  up  with  soot  and  dust  while  the  air  flues  stay 
nearly  clean.  On  the  other  hand,  the  air  regenerative 
chamber  is  usually  larger  than  the  gas  chamber,  be- 
cause more  heat  has  to  be  stored  in  the  air  checkers  by 
the  outflowing  waste  gases,  requiring  a  greater  propor- 
tion of  these  gases  to  go  through  the  air  chamber.  This 
furnishes  the  only  reason  for  large  ports  to  the  furnace 
and  stack  on  the  air  valve.  However,  the  combustion 
gases  occupy  7  per  cent  smaller  volume  than  the  com- 
bined gas  and  air,  when  cooled  off  to  the  same  tempera- 
ture as  these,  and  when  we  consider  that  the  gas  check- 
ers will  always  stay  much  hotter  than  the  air  checkers 
at  the  valve  end,  almost  twice  as  much  combustion 
gases  will  flow  through  the  air  valve  as  compared  with 
a  gas  valve  of  the  same  area. 

To  regulate  the  flow  of  gas  and  air  a  method  should 
be  used  for  constricting  the  areas  at  the  reversing 
valves.  For  controlling  the  waste  gases  a  furnace 
dani])er  in  each  flue  between  checker  chambers  and 
valves  should  be  used.  In  this  way  onh'  can  the  process 
he  under  perfect  control.  In  winter  time  the  air  opening 
must  be  less  than  in  the  summer.  An  excess  of  cold  air 
into  the  furnace  is  nearly  as  much  of  a  detriment  to  the 
(operation  as  too  little  air.  A  surplus  of  air  will  have  to 
he  heated  to  furnace  temperature,  but  a  surplus  of  gas 
will  mean  a  direct  loss  of  gas  to  the  atmosphere. 

The  valve  system  for  a  pit  furnace  requires  special 
arrangements,  as  the  gas  and  air  is  distributed  and  reg- 
ulated for  each  pit  on  the  furnace  side  of  the  reversing 
valves. 

W  hen  soot  and  dust  collect  in  the  gas  main,  we  get 
the  cleanest  gas  at  the  top.  An  outlet  at  the  bottom 
like  Fig.  14  will  serve  as  a  dustcatcher.  But  in  spite  of 
this,  we  find  it  very  common  to  see  a  gas  outlet  to  a 
furnace  underneath  the  main,  and  the  flue  run  under- 
ground to  the  reversing  valves.  How  easil)^  the  flue 
areas  get  clogged  up  with  such  an  arrangement  any 
furnace  man  can  testify  to.  Some  times  it  is  necessary 
to  burn  out  more  than  once  a  week.  The  gas  ought  to 
be  taken  off  at  the  top,  as  in  Fig.  15,  and  the  shut-off 
valve  for  the  furnace  should  be  located  right  at  the 
main.  No  watercooling  is  desirable  on  this  valve,  as 
this  would  require  special  attention  in  the  winter. 

.\  water  seal  of  about  3  or  4  inches  at  the  valve  ports 
is  always  a  guarantee  against  leaks.  It  can  easily  be 
arranged  by  having  the  valve  project  into  the  water  of 
a  pan,  the  shape  of  which  will  have  to  suit  the  particular 
valve.  Water  has  so  far  been  the  only  liquid  used  as  a 
sealing  medium.  It  has  an  advantage  in  that  it  can  so 
easily  be  supplied  and  dis])osed  of,  but,  as  mentioned 
before,  it  also  has  some  very  serious  drawbacks. 

The  gas  as  it  leaves  the  producer  carries  along  with 
it  from  6  to  10  gallons  of  tar  per  ton  of  coal,  gasified. 
A  lot  of  this  tar  collects  in  the  mains  and  can  some- 
times be  seen  dripping  out  of  a  leaky  joint.  If  some 
of  the  tar  were  caught  at  the  gas  valve  and  used  as  a 
sealing  liquid,  there  can  be  no  reason  why  such  an  ar- 
rangement would  not  have  some  superior  features  over 
any  existmg  gas  valve.  It  is  a  known  fact  that  a  large 
amount  of  tar  is  precipitated  at  the  valves,  due  to  the 
watercooling.    If  we  shape  this  valve  to  collect  the  tar, 


as  in  Fig.  20,  we  have  a  dependable  seal,  as  it  is  raised 
up  against  the  diaphragm,  which  shuts  off  to  the  gas 
main. 

The  writer  has  just  applied  for  patent  on  a  valve  of 
this  type,  in  which  gas  valve,  air  valve  and  reversing 
mechanism  have  been  carefully  designed  to  eliminate 
all  the  troubles  with  the  present  valves.  The  problems 
can  be  summarized  briefly  as  follows: 

The  impact  on  seats  when  closing. 

The  abundance  of  open  water  for  seal  and  cooling. 

The  complications  of  flue  lay-out  due  to  gas  en- 
tering underneath  the  valve. 

The    dust    collecting    in    flues    adjacent    to    the 
valves. 

To  improve  the  mushroom  valve  to  meet  these  con- 
ditions seemed  easy,  and  it  developed  a  system  of  re- 
versing valves  which  now  will  be  described.  A  general 
arrangement  of  valves  is  shown  in  Fig.  20  and  a  flue 
diagram  is  shown  in  Fig.  16.  The  gas  enters  from  above 
and  leaves  most  of  the  dust  in  the  dustcatcher  between 
the  gas  valves.  In  open  position  the  valve  seals  over  the 
port  to  the  stack,  with  a  deep  trough  around  the  valve 
proper.  The  trough  is  made  of  steel  casting  and  is  sep- 
arate from  the  valve,  and  is  held  in  position  bv  keys.  The 
tar  is  collected  into  this  trough  as  it  is  knocked' out  of 
the  gas  by  contact  with  the  watercooled  surfaces.  In 
starting  the  operation,  the  trough  must  be  filled  with 
tar,  and  as  it  collects  it  overruns  into  the  water  pan  at 
the  bottom  and  is  drained  off  with  the  water.  In  the 
lower  position  the  tar  is  kept  comparatively  cool  by  the 
water,  and  in  the  top  position,  where  it  shuts  off  the 
gas,  it  is  not  subjected  to  heat  from  the  sweeping  gas. 
It  is  cooled  to  some  extent  also  by  radiation  to  the 
waterbox,  which  supports  the  top  valve  chamber.  The 
cylindrical  diaphragm  which  is  used  for  a  seal,  is  also 
a  steel  casting,  and  is  hung  on  a  seat  of  the  water  box. 
In  starting  up  cold  on  a  winter  day  the  tar  may  be 
solid,  and  the  diaphragm  is  then  made  to  raise  up  with 
the  \'alve  until  it  becomes  heated  and  sinks  down  on  its 
seat.  The  \-alve  and  vahe  stem  are  watercooled,  the 
water  being  supjjlied  through  a  flexible  hose. 

The  air  valve  has  two  bells,  with  corresponding 
water  pans.  There  is  no  objection  to  the  water  here, 
as  the  air  is  taken  in  cold.  The  bell  at  the  top  has  only 
half  the  stroke  of  the  lower  bell  over  the  stack  flue, 
and  is  so  arranged  that  only  half  of  its  weight  will  act 
against  the  other  bell.  The  valve  area  is  regulated  by 
a  sector  shaped  plate  resting  on  the  ledge  on  the  inside 
of  the  top  water  pan.  One-third  of  the  area  is  a  solid 
rib,  and  the  remaining  240  degs.  can  be  reduced  by  the 
sector  to  whatever  opening  is  required. 

All  the  valves  are  operated  together  and  have  an 
absolute  limited  stroke,  that  will  not  permit  the  tar 
troughs  and  the  bells  of  air  valve  to  touch  their  water- 
pans.  The  motor  directly  drives  a  worm  and  worm- 
wheel.  On  the  wormwheel  shaft  is  fastened  a  crank 
lever,  which  swings  from  one  dead  center  to  the  other 
during  a  reversal,  and  the  motion  of  the  valves  start 
from  nothing,  speeds  up  in  the  middle  position  and  re- 
tards very  gradually  at  the  other  end  of  the  stroke.  The 
crank  lever  connects  through  a  link  with  a  drum  sector 
that  has  a  groove  for  each  rope  from  the  four  valves. 
The  reversal  is  made  in  one  or  two  seconds,  and  hardly 
any  interruption  is  made  to  the  operation  of  the  furnace. 
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Emporium  Iron  Company  Rebuild  Furnace 

Arthur  G.  McKee  &  Company  Have  Completed  Reconstruction 
Work  on  the  Emporium  Iron  Company's  Furnace,  Emporium,  Pa. 
— Mechanical  Equipment  Installed  to  Eliminate  Human  Labor. 


THM  increasingly  evident  necessity  of  eliminating 
the  liuman  element  in  blast  furnace  operation  and 
substituting  mechanical  equipment  has  again  been 
denuMistiated  in  recent  plant  reconstruction  of  the  Em- 
porium In  in  Company,  Emporium,  Pa. 

This  plant,  built  during  the  years  1887-88,  has  op- 
erated since  that  time  with  substantially  the  original 
equipment.  However,  during  the  past  year,  the  man- 
agement decided  upon  radical  changes  and  have  re- 
placed the  old  hand-filling  system  with  a  complete  new 
set  of  storage  bins,  skip  bridge,  furnace  top,  etc.  The 
furnace  has  been  relined  and  partially  remodeled,  and 
new  mechanical  pig  casting  equipment  installed. 

.\rthur  G.  McKee  &  Company,  of  Cleveland,  were 


selected  as  engineers  and  contractors  lor  the  recon- 
struction work,  their  services  including  designing,  fur- 
nishing of  materials  and  the  erection  of  same. 

The  alterations  to  the  furnace  below  the  mantle  con- 
sisted of  installing  a  new  hearth  jacket,  80  ft.  deep  by 
16  ft.  4  in.  inside  diameter,  made  up  of  l>^-in.  steel 
plate.  Twenty-one  cast  iron  hearth  cooling  plates  were 
provided,  approximately  8  ft.  long  by  2  ft.  wide  and  3 
in  thick.  '1  he  old  copper  coolers  were  utilized,  no  new 
copper  being  furnished.  Eight  new  tuyere  stocks  were 
installed,  including  elbows,  blow  pipes  and  base  cast- 
ings for  attaching  to  the  bustle  pipe. 

The  storage  bin  and  trestle  structure  is  of  steel  and 
reinforced  concrete,  approximately  432  ft.  long,  and  is 


Fig.  1 — Ship  bridge  arrangement. 
Fig.  3 — View  of  top  of  furnace. 


Fig.  2 — New  bin  arrangement. 

Fig.  4— New  mechanical  pig-casting  equipment. 
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shown  in  the  adjacent  photographs.  The  coke  bin,  oc- 
cupying three  bays  in  the  trestle  structure,  is  48  ft.  in 
lengtli  and  is  made  up  of  steel  plate  sides  and  bottom, 
suspended  from  the  concrete  bents.  As  indicated  on 
Fig.  5,  the  coke  bin  is  centrally  located,  discharging 
direct  into  the  skip  car,  over  McKee  cascade  type  coke 
screens. 

Eight  ore  and  limestone  bins  of  the  Baker  suspen- 
sion type  were  installed,  each  bin  being  approximately 
12  ft.  in  length  and  constructed  of  3^-in.  steel  plate  sides 


skip  h"oist  cable,  idler  sheaves  being  placed  at  different 
points  along  the  bridge. 

A  12xl2-in.  single  drum  Otis  hoisting  engine  was 
installed  in  a  brick  hoist  engine  house,  having  concrete 
foundations  and  steel  roof  supports. 

No  changes  were  made  to  the  existing  furnace  shell, 
a  new  top  ring  casting  being  furnished  to  fit  the  pres- 
ent design.  There  was  also  provided  a  new  large  bell 
hopper,  made  of  cast  steel  in  four  sections,  and  a  new 
gas  seal  of  yi-in.  steel  plate  with  cast  steel  bottom  ring 


Fig.  5 — Section  through  the  furnace. 


and  bottom.  The  bins  are  provided  with  a  continuous 
line  of  segmental  type  gates  arranged  for  convenient 
operation  from  the  scale  car  platform,  and  discharge 
into  an  80  cu.  ft.  capacity  scale  car,  which  delivers  the 
material  to  the  skip  pit.  The  scale  car  is  of  heavy  con- 
struction, is  electrically  driven  and  equipped  with  air 
brakes. 

The  charge  is  carried  to  the  furnace  top  in  a  skip 
car  of  80  cu.  ft.  capacity,  traveling  on  a  single  track 
skip  bridge,  which  is  provided  with  deck  plates  to  pre- 
vent materials  falling  through  to  the  ground.  The  skip 
is  supported  by  a  hinged  leg  from  the  furnace  top  plat- 
form and  rests  on  the  old  hoist  tower  as  an  additional 
means  of  support.  At  the  upper  end  of  the  skip  bridge 
is  provided  a  sheave  platform  with  a  5-ft.  diameter  cast 
iron  sheave  for  accommodating  the    1-in.   plow  steel 


and  cast  iron  top  ring.  The  gas  seal  contains  two  hinge 
t\-p^  hanholes,  50  in.  in  diameter,  for  removal  or  inspec- 
tion of  the  small  bell. 

On  top  of  the  gas  seal  is  mounted  a  McKee  revolv- 
ing stock  distributor,  consisting  of  small  bell,  bell  hop- 
per, small  bell  rod,  ball  races  and  drive  mechanism. 
For  operation  of  the  revolving  distributor  a  Z^-^-hp. 
Crocker- \\'heeler,  220-volt,  dc.  motor  was  supplied,  the 
motor  being  located  on  the  furnace  top  platform  and 
enclosed  with  proper  housing.  Control  of  the  distribu- 
tor is  accomplished  automatically  by  means  of  a  limit 
switch  connected  to  the  hoist  engine  drum. 

The  furnace  charge  is  discharged  from  the  skip  car 
into  a  receiving  hopper  constructed  of  ^g-in.  steel  plate 
and  provided  with  ^'^-in.  wearing  plates.  Directly  be- 
neath this  receiving  hopper  is  a  revolving  hopper,  which 
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is  of  ^-in.  steel  plate  and  which  attaches  to  and   re- 
volves with  the  distributor. 

An  entirely  new  furnace  top  platform  with  5/16-in. 
floor  plates  was  furnished  and  erected.  Supported  on 
the  top  platform  is  a  hand  operated  jib  crane  suitably 
designed  for  raising  and  lowering  the  large  bell,  hopper 
and  other  equipment.  The  operation  of  the  large  and 
small  bells  is  accomplished  by  means  of  a  bell  rig 
mounted  on  the  furnace  top  platform  and  consisting 
of  14-in.  and  10-in  steam  cylinders,  bell  beams,  counter- 
weights, bearings  and  shafts-  .\  modern  test  rod  mech- 
anism and  indicator  were  also  installed. 

Stairs  and  walkways  have  been  erected  wherever 
necessary  to  give  access  for  inspection  or  repairs,  and 
guard  railings  and  other  safety  features  were  installed 
in  accordance  with  the  State  Code. 

In  the  cast  house,  new  iron  and  cinder  runners  were 
provided.  The  iron  pours  into  a  50-ton  Pugh  type  hot 
metal  car  and  is  then  transported  to  the  pig  casting 
machine. 


The  single  strand  pig  machine  was  furnished  by 
the  I'ittsburgh  Coal  Washer  Company,  the  supporting 
and  housing  structure  for  same  being  designed  and 
erected  by  Arthur  G.  McKee  &  Company.  The  ma- 
chine has  a  si^eed  of  approximately  20  feet  per  minute, 
carrying  one  jiig  mold  ])cr  foot  of  chain,  each  mold 
casting  a  pig  weighing  from  100  to  125  lbs. 

As  the  balance  of  the  existing  plant  equipment  was 
found  adequate  for  operation  with  the  improvements 
above  described,  no  further  changes  were  made. 
with  the  exception  of  the  hot  blast  stove  Ihtings.  Each 
st(i\c  was  equii)ped  with  complete  new  hot  blast  valve, 
chimney  vahe  and  air  relief  valve,  all  of  McKee  stand- 
ard design. 

Although  existing  conditions  have  made  it  inadvis- 
able to  operate  the  plant  since  completion  of  the  recon- 
struction work,  arrangements  have  been  made  to  blow 

the  furnace  in  at  an  early  date. 


The  Structure  of  Coke 

Modifications  Described  Which  Occur  in  the  Cell   Structure  of 
Coke  from  the  Beginning  ol  the  Process  to  the  Finish. 

By  H.  D.  GREENWOOD  and  J.  W.  COBB 


V.AKIOLS  \iews  ha\e  been  taken  from  lime  to 
time  of  the  processes  invohed  in  the  formation 
and  structure  of  coke.  These  have  been  mainly 
Concerned  with  the  problem  of  the  initial  cell  formation 
as  distinct  from  any  succeeding  structural  changes.  A 
brief  summary  will  not  be  out  of  place. 

Coke  is  generally  regarded  as  formed  by  the  lique- 
fying of  easily  fusible  constituents  of  the  coal  followed 
by  decomposition,  the  formation  of  cells  by  the  inflating 
effect  of  escaping  gas,  and  gradual  solidification.  W'ed- 
ding  attributed  the  formation  of  coke  to  the  decomposi- 
tion of  the  richer  gaseous  hydrocarbons.  According  to 
Lewes  ("Carbonization  of  Coal")  the  heat  passing 
gradually  from  layer  to  layer  of  the  charge  drives  ije- 
fore  it  the  heavy  tars  ;  these  are  alternately  deposited 
and  redistilled  with  some  decomposition,  which  be- 
comes responsible  for  the  formation  of  coke. 

S.  R.  Illingworth  develops  the  view  that  the  forma- 
tion of  coke  and  its  resulting  structure  are  dependent 
upon  the  \olume  and  rate  of  c\olution  of  gas  given  olf 
during  the  ])eriod  in  which  tin-  material  is  in  a  plastic 
condition. 

It  is  known  that  coking  coals  undergo  a  partial 
liquefication  at  about  450  deg.  C.  The  plasticity  may 
safely  be  attriinited  to  the  melting  of  certain  constitu- 
ents of  coal  and  their  impregnation  of  the  mass.  The 
gases  evolved  by  the  decomposition  of  these  and  other 
constituents  are  responsible  for  the  formation  of  pores 
or  cells  in  a  mass  which  gradually  stiffens  to  rigidity  as 
the  decomposition  i)roceeds.  Further  evolution  of  gas 
occurs  as  the  temperature  rises,  which  modifies  the 
cell  structure  without  altering  its  fundamental   char- 


•Abstract  of  paper  read  before  the  Society  of  the  Chemical 
Industry. 


acter,  althougli  the  modifications  ha\e  their  own  tech- 
nical importance. 

In  the  following  paper  we  ha\e  attempted  to  trace 
these  later  changes  in  the  coke  from  the  newly  formed 
cell  structiue  to  tlie  final  formation  of  high-temperatur<' 
coke. 

'!"()  tliis  end  cokes  were  prepared  from  the  same  coal 
in  tlie  laboratory  at  three  different  temperatures,  550 
deg.  C,  850  deg.  C.  and  1100  deg.  C,  and  the  cokes  were 
examined.  These  may  be  taken  respectively  to  repre- 
sent apjjroximately  the  products  of  low-temperature 
carbonization  (550  deg.  C),  medium-temperature  car- 
bonization as  in  horizontal  gas  retorts  (850  deg.  C), 
and  high-temperature  carbonization  as  in  coke  ovens 
making  metallurgical  coke  (1100  deg.  C.)  A  parallel 
examination  was  made  of  a  commercial  sample  of  hard 
l)y-product  coke  for  comparison  with  the  1100  deg,  C. 
e.\])erimental  coke. 

Preparation  of  Coke 

The  same  coal  was  used  in  the  preparation  of  these 
cokes,  these  having  the  following  composition ;  Car- 
bon 77.36  per  cent,  hydrogen  5.66  per  cent,  sulphur  1.65 
l)er  cent,  nitrogen  1..^4  per  cent,  oxygen  10.22  per  cent, 
ash  ^.77  per  cent.  Volatile  matter  i7.i  per  cent  (Amer- 
ican crucible  method,  189*^).  It  was  the  Nottingham- 
shire (New  Hucknall)  gas-coal  used  by  Hollings  and 
Cobb  in  their  study  of  thermal  phenomena  in  carboni- 
zation (Trans.  Inst,  Gas  Eng.,  1914,  225-277).  The 
coal  was  coked  in  pieces  of  pea  size  in  a  large  fireclay 
crucible  holding  about  400  grams,  and  fitted  with  a 
lid,  through  which  a  hole  was  bored  for  the  insertion 
of  a  thermocouple.  The  couple  was  protected  by  a 
silica  sheath,  and  the  junction  maintained  about  one 
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inch  from  the  bottom  of  the  crucible.  Before  coking 
the  lid  was  cemented  to  the  crucible 

Each  coal  was  raised  to  the  desired  temperature  in 
about  three  hours  and  maintained  at  that  temperature 
for  another  three  hours — six  hours  altogether.  Cool- 
ing in  situ  followed. 

After  cooling,  the  coke  was  extracted  and  ground  to 
pass  between  one-third-inch  and  one-quarter-inch  mesh 
sieves,  thus  giving  fragments  of  an  average  diameter 
of  3  mm.,  the  coke  within  one-half  inch  of  the  crucible 
wall  being  discarded. 

The  by-product  coke  was  obtained  from  the  quench- 
ing bench  of  an  Otto  by-product  battery  (Robin  Hood 
Colliery,  Yorkshire). 

The  changes  in  weight,  specific  gravity.  \'olume  and 
porosity  undergone  in  the  carbonization  process  were 
then  determined. 

Determination  of  Specific  Gravity  and 
Porosity  of  the  Coke 

The  terms  "real"  and  "apparent"  are  generally  used 
with  reference  to  the  specific  gravity  of  the  material 
composing  the  walls  of  the  coke  cells,  and  of  this  ma- 
terial together  with  the  cells,  respectively.  We  shall 
deal  with  three  different  specific  gra\ities  for  any  one 
sample  of  coke.  In  place  of  "real  specific  gravity,"  the 
term  "specific  gravity  of  coke  material"  will  be  used  : 
in  place  of  "apparent  specific  gravity"  the  term  "specific 
gravitv  of  material  and  all  cells,"  the  third  specific  grav- 
ity being  that  of  the  "material  and  closed  cells." 

Determination  of  the  Specific  Gravity 

of  the  Coke  Material 

The  coke  was  ground  to  pass  a  sieve  of  60  meshes 
to  the  inch,  and  about  1  g.  of  this  powder  was  exhausted 
under  water  in  a  specific  gravity  bottle  heated  on  a 
water  bath.  The  exhaustion  was  continued  for  about 
three  hours,  then  the  bottle  was  disconnected  and  the 
specific  gravity  determined  in  the  usual  manner.  On 
filling  the  bottle  in  the  ordinary  way  after  exhaustion, 
flakes  of  coke  floating  on  the  surface  are  lost,  thus  in- 
troducing an  appreciable  error.  To  avoid  this,  the  ex- 
haustion was  carried  out  with  the  stopper  in  situ,  and 
when  complete  the  bottle  was  completely  exhausted 
and  the  rubber  connecting  tube  opened  under  water  ; 
in  this  way  the  bottle  could  be  filled  without  loss  of 
material.  A  catch  bulb  was  usually  placed  above  the 
bottle  to  prevent  any  loss  by  spirting. 

The  same  method  was  used  to  determine  the  specific 
gravity  of  the  "material  -|-  closed  cells,"  with  the  ex- 
ception that  fragments  of  coke  were  used  in  place  of 
the  powdered  material. 

The  values  so  obtained  were  somewhat  lower  than 
with  the  powdered  coke,  owing  to  the  presence  of 
"closed  cells,"  into  which  the  water  could  not  penetrate. 

Specific  Gravity  of  Material  +  All  Cells 

This  determination  was  carried  out  in  a  volumeno- 
meter (Anderson,  J.,  1896,  20)  which  consists  essen- 
tially of  a  wide  glass  tube  fitted  with  a  ground  glass 
stopper  terminating  in  a  glass  stopcock,  the  other  end 
being  connected  by  rubber  tubing  with  a  burette.  The 
tube  is  filled  with  water  and  a  known  weight  of  coke 
introduced,  the  coke  being  in  fragments  of  the  largest 
size  which  can  enter  the  tube. 

From  the  volume  of  water  displaced,  measured  on 
the  burette,  the  specific  gravity  of  the  coke  fragments 
can  be  determined.  The  accuracy  of  the  determination 
is  dependent  primarily  upon  the  nonpenetration  of  the 


water  into  the  coke  cells,  and  upon  any  small  volume 
of  gas  expelled  from  pores  by  the  water  being  the  same 
before  and  after  expulsion.  With  the  850  deg.  C,  coke, 
considerable  volumes  of  gas  were  evolved  on  immer- 
sion in  water,  but  by  taking  readings  quickly,  or,  better, 
by  re]>lacing  the  water  by  mercury,  consistent  results 
were  obtained. 

From   the   s])ecific  gravities   thus  determined,   it  is 
possible  to  calculate  the  porosity  of  the  coke. 
Let  specific  gravity  of  the  coke  material  =  A. 
Let  specific  gravitv  of  the  coke  material   -|-   all  cells 

=   B. 
Let   specific    gravity    of    the    coke    material    -j-    closed 

cells  =  C. 

Then  %  total  por(jsity  (bv  vr)Iume)  =  100(1— B/A  (1) 

lOOB  (A— C)         ,.^ 

Then  %  closed  pores  (by  volume)  — — =    ic) 

A .  C 

Bv  subtracting  (2)  from  (1)  we  are  left  with  the  per- 
centage of  "open  pores."  The  results  thus  obtained 
are  collected  in  Table  I. 

Table  I — Changes  in  Porosity  and  Specific  Gravity  in  Coking 

Z  y:  r.  T.  II  ►:  ►: 

5  —  'i.^  c~^  -"^  '2'~-  32  '^'^ 

'^ '  ^4  ^-.  ^T-  ti  S^  S£ 

"-  --■  c  ^c  *c  is:; 

P^  E^  =^  IZ         \c  -.1         ?r 

!   TT  !    -  -  r  "c  ^  ■   "^  •   *  '   '' 

■  -  ■   7r  ?i  c;r  ■-  -3  :   — 

:  f,  :  '  .» 3  ;3  3  •-  -  : 

■  '  ■  •    'J^  '^  z.  '.  '. 

Original  coal  1.270  1.270  

550°  C 1.591  0.879  1.446    39.2        5.5        44.7 

850°  C 1.870  0.888  1.563     43.17      9.33       52.5 

1100°  C 1.870  1.014  1.631     37.85      7.95      45.8 

Bv-Product 
"(hard)    ...    1.880     1.012     1.720     40.6        5.0        45.6 

The  results  obtained  by  Anderson,  given  in  the 
paper  already  quoted,  are  similar  to  those  shown  in 
Table  I,  and  it  is  of  interest  to  note  the  difference  which 
he  obtained  when  using  fragments  of  coke  as  compared 
with  powdered  coke  for  exhaustion  in  the  specific  grav- 
ity bottle. 
Specific  gravty  of —  L  2.  3. 

(a)  fragments  of  coke.  .    1.623         1.666         1.730 

( b )  Powdered  coke ...  .    1 .832         1 .850         1 .880 
These  differences,  although  not  strictly  comparable 

with  ours,  are  of  the  same  order  of  magnitude. 

It  will  be  seen  from  Table  I  that  the  "coke  material" 
had  attained  a  density  at  850  deg.  C.  or  by-product 
"coke  material." 

From  these  results  we  have  calculated  the  changes 
in  volume  and  sjiecific  gravity  which  the  coal  under- 
went on  coking,  and  which  have  a  bearing  on  the  struc- 
ture of  the  resulting  coke.  Thus  the  figures  in  Table 
II  indicate  the  changes  in  volume,  etc.,  undergone  by 
100  g.  of  coal  on  heating  to  1100  deg.  C.  in  three  stages. 

When  a  coking  coal  is  heated  to  aln>ut  400  deg.  C. 
it  undergoes  a  partial  liquefication,  due  doubtless  to 
the  presence  of  substances  melting  at  about  that  tem- 
perature. Further  heating  causes  the  decomposition  of 
these  and  other  substances,  the  mass  becoming  decreas- 
ingly  plastic.  Bubbles  of  gas  force  their  way  through 
the  semi-plastic  material  and  form  cells  or  pores  which 
permanentlv  retain  their  shape  when  the  mass  has  at- 
tained a  certain  degree  of  rigidity.  In  the  further  de- 
composition, the  plasticity  is  so  small  that  the  evolution 
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of  gas  causes  no  such  cliange  in  the  material,  which  re- 
mains as  a  porous  mass — coke. 

The  formation  of  the  cells  is  accompanied  by  a 
swelling  of  the  mass.  It  is  probable  that  between  450 
deg.  and  500  deg.  C.  the  swelling  of  the  coal  is  consid- 
eral)ly  greattT  than  would  ajipear  from  'J'able  II,  the 
semi-plastic  stage  having  been  i)assed  and  the  general 
contraction  begun  below  550  deg.  C. 

The  porous  material  formed  consists  of  sealed  and 
unsealed  pores  with  walls  of  semi-carbonized  material. 

Table  11 — Changes  in  Weight  and  Volume  in  Coking 


+  2- 


»»c 


BS,D- 


Original  coal 100    7S.8     78.8     ....)Inc 2.8 

Coked  at  550- C.     71     81.0    44.6    36.4) 

Coked  at  850°  C.     64    72.0    34.2     39.8     dec  114 

Coked  at  1100°  C     63    63.0     33.7     29.3     dec 11.4 

Total  change  from 

15°  to  1100°  C.  -37  -15.8  ^5.1-f29.3     nettdec.  20.0 

The  specific  gravity  of  the  cell  walls  is  greater  than 
that  of  the  original  coal,  but  the  specific  gravity  of  the 
mass  as  a  whole  is  less  than  that  of  the  coal. 

There  is  some  gain  in  total  volume  in  spite  of  the 
great  loss  of  weight.  The  cell  structure  is  developed  at 
550  deg  C.  hut  further  heating  causes  considerable 
changes  in  the  coke  material,  with  accompanying 
changes  in  the  porosity  of  the  mass. 

Heating  at  850  deg.  C.  results  in  a  further  evolution 
of  gas.  entailing  a  decrease  in  the  mass  and  volume  of 
the  coke  material.  The  mass  as  a  whole  shrinks  to  the 
extent  of  1 1 .4  per  cent  of  the  volume  of  the  original  coal, 
but  owing  to  the  loss  in  weight  and  increased  density  of 
the  coke  material,  the  porosity  increases  by  7  per  cent, 
giving  the  maximum  value  observed.  52.5  per  cent.  The 
effect  of  this  change  is  to  give  a  coke  with  larger  cells, 
the  walls  of  which  are.  however,  composed  of  denser 
and  harder  material. 

The  eflFect  of  the  increase  in  density  of  the  material 
(from  1.59  to  1.87)  appears  to  overbalance  the  reduc- 
tion in  strength  arising  from  the  enlargement  of  the 
cells,  since  this  coke  is  substantially  stronger  than  the 
550  deg.  C.  coke. 

Between  850  deg  and  1100  deg.  C.  a  further  shrink- 
age of  11.4  per  cent  takes  place  in  the  mass  as  a  whole, 
but  the  process  is  otherwise  not  the  same  as  in  the  pre- 
vious stage.  The  loss  if  weight  is  only  1  per  cent,  the 
specific  gravity  of  the  coke  material  is  unchanged,  but 
the  porositv  falls  again  to  45.8  per  cent. 

A  considerable  thickening  of  the  cell  walls  must 
have  taken  place,  and  is  probablv  the  principal  cause 
of  the  accession  of  strength  in  this  stage,  although  the 
deposition  of  bright  carbon  on  the  cell-walls  resulting 
from  the  decomposition  of  methane  in  contact  with 
them,  is  also  likely  to  plav  its  part.  The  coke  at  1100 
deer.  C.  is.  therefore,  made  up  of  smaller  cells  than  at 
850  deg.  C.  with  thicker  walls :  it  is  a  stronger  material. 

The  values  for  the  various  specific  gravities  and 
porosities  of  the  bv-prodnct  coke  are  verv  similar  to 
those  obtained  for  the  1100  deg.  C.  laboratory  coke. 

Summarizing,  we  can  divide  the  formation  of  high- 


temperature  coke  into  three  stages: 

1.  The  first  stage  up  to  550  deg.  C.  is  constituted  by 
the  initial  cell  formation,  these  cells  having  relatively 
thick  walls  of  soft  material  of  low  specific  gravity,  the 
process  being  accompanied  by  a  swelling  of  the  charge. 

2.  Between  550  deg.  and  850  deg.  C.  the  mass  as  a 
whole  shrinks  and  an  increase  in  specific  gravity  of  the 
coke  material  ensues,  the  resulting  coke  having  thinner 
but  stronger  walls  and  the  porosity  reaching  a  max- 
imum. 

3.  In  the  last  stage  the  predominant  factor  is  a  fur- 
ther large  contraction  of  the  mass  as  a  whole,  the  coke 
material  undergoing  no  appreciable  increase  in  specific 
gravity.  We  are  thus  left  with  a  strong  coke,  consti- 
tuted of  small  pores  with  relatively  thick  walls.  At  no 
stage  in  coking  to  1100  deg.  C.  does  the  material  ap- 
proximate to  the  specific  gravity  of  graphite,  2.3. 

We  have  followed  the  process  in  a  fairly  typical  gas 
coal,  but  believe  that  its  essential  features  would  be  re- 
produced in  the  behavior  of  coking  coals  generally. 

It  may  be  mentioned  that  the  s\velling  of  the  coal 
in  the  first  stages  of  carbonization  is  well  known  to 
cause  difficulties  in  withdrawing  coke  made  at  low  tem- 
peratures, and  in  promoting  sticking  at  the  top  of  the 
charge  in  continuous  vertical  retorts  and  gas  producers, 
particularly  when  fitted  with  a  bell. 


ISSUES    BULLETIN    ON    STUDY    OF 
ALLOY  STEELS 

Studies  in  the  experimental  production  of  certain 
alloy  steels  are  discussed  by  H.  W.  Gillet.  chief  alloy 
chemist  and  E.  L.  Mack,  assistant  alloy  chemist,  in  a 
bulletin  which  has  just  been  published  by  the  United 
.States  bureau  of  mines. 

The  production  of  small  heats  of  alloy  steels  on  an 
experimental  scale  often  is  desirable  in  beginning  the 
study  of  new  alloy  steels  before  large  amounts  of  expen- 
sive alloys  are  used  in  heats  of  commercial  size.  Such 
small  heats  sometimes  can  be  made  up  at  crucible  steel 
plants,  but  few  crucible  steel  makers  care  to  undertake 
experimental  heats  for  otfier  firms.  Small  electric  fur- 
naces offer  some  advantages  over  crucible  furnaces  for 
experimental  work,  and  various  types  ofsuch  furnaces 
are  being  successfully  used  by  different  firms  for  such 
work.  The  bureau  of  mines  recently  made  up  experi- 
mental heats  of  alloy  steel  for  the  army  and  the  navy. 
The  steels  for  the  army  were  desired  for  work  on  gun 
erosion,  especially  as  regards  the  effect  of  nitrogen  on 
steel.  The  request  from  the  war  department  for  this 
experimental  work  was  made  during  the  course  of  the 
world  war  and  followed  the  receipt  of  information  from 
a  creditable  source  that  Germany  was  using  uranium 
steel  in  the  liners  of  some  high-power  naval  guns.  It 
was  stated  that  uranium  stiffens  steel  at  high  tempera- 
tures, and  raises  the  softening  point  some  200  deg.  C 
so  that  gun  erosion  is  reduced.  The  fact  that  the  Ger- 
man guns  retained  accuracy  of  fire  at  the  end  of  the 
Jutland  naval  engagement  was  ascribed  to  the  uranium- 
steel  gun  liners. 


BORON  AS  A  STEEL  ALLOY 

Experimental  work  performed  by  the  L'nited  States 
Bureau  of  Mines  indicates  that  the  use  of  boron  as  an 
alloy  confers  marked  hardness  on  steel.  If  the  other 
physical  properties  of  the  boron  steels  are  good  enough 
to  be  applicable  to  commercial  use,  their  remarkable 
plasticity  at  temperatures  below  the  melting  points  of 
ordinary  steels  might  make  it  possible  to  utilize  this 
characteristic. 
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Steel  Works  Power  Plant  Management 

A  Continuation  of  the  Series  on  Power  Plant  Accounting  and 
Recording,  Giving  Performance  Logs — Manner  of  Keeping  Per- 
formance Records  Has  Changed  During  Last  Few  Years. 

By  ROBERT  JUNE,  Associate  Member  A.  S.  M    E. 


THE  keeping  of  performance  records  in  the  power 
plant  is  a  rule  rather  than  the  exception  even  in 
small  plants.  In  this  respect  there  has  been  con- 
siderable change  in  practice  during  the  past  five  or 
six  years.  When  both  coal  and  labor  were  cheap  there 
was  less  incentive  to  keeping  records.  Today  it  is 
not  a  question  of  whether  records  shall  be  kept,  but 
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lather  of  what  form  these  records  shall  take  in  order 
that  they  may  be  of  the  greatest  practical  value. 

It  should  be  recognized,  first  of  all,  that  the  com- 
pilation of  unnecessary  data  is  to  be  avoided.  By  un- 
necessary data,  we  mean  information  relating  to  con- 
ditions which  cannot  be  changed.  The  second  con- 
sideration  is   that  all   records  compiled   should   at  all 


times  be  available  to  the  men  who  control  the  figures 
which  go  to  make  up  the  records.  That  is  to  say,  the 
boiler  room  superintendent  should,  at  all  times,  know 
the  amount  of  coal  which  he  is  using  and  he  should 
have  before  him  the  records  of  previous  performances 
for  the  sake  of  comparison. 

As  a  matter  of  fact,  records  should  be  kept  by  the 
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men  who  are  actually  doing  the  work,  and  not  by  out- 
side clerical  help. 

The  next  point  is  that  the  operating  men  should 
not  be  bothered  with  dollars  and  cents  computations. 
They  cannot  control  the  price  of  coal,  or  oil,  or  waste, 
or  other  materials,  and  they  cannot  control  the  price 
of  labor.     They  have  nothing  to  do  with  overhead  or 
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fixed  charges,  therefore  do  not  confuse  them  by  ask- 
ing them  to  deal  with  monetary  values,  but  let  your 
records  be  kept  and  let  them  stand  or  fall  upon  their 
economical  use  of  coal  in  tons,  oil  in  gallons,  waste 
in  pounds,  and  labor  in  hours.  Records  kept  by  the 
men  place  at  their  disposal  information  which  enables 
them  to  determine  the  performance,  ability  and  econ- 
omy of  the  equipment  under  their  charge,  so  they  can 

Fig.  '1 — Daily  operating  log. 
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strive  to  better  the  output  while  decreasing  the  con- 
sumption of  materials  and  labor. 

Reports  to  the  management  in  which  dollars  and 
cents  computations  are  involved  should,  in  all  cases, 
come  through  the  accounting  department  where  the 
costs  of  the  various  items  can  be  readily  and  expertly 
set  up.  The  amount  of  detail  in  the  reports  for  the 
management  and  the  frequency  with  which  such  re- 
ports are  submitted  depends  upon  the  use  to  which 
they  are  to  be  put.  Nothing  unnecessary  should  be 
included.  If  the  total  output  of  the  power  plant  and 
the  total  cost  of  fuel  and  wages  are  all  that  are  de- 
sired, the  report  should  be  limited  to  these  items. 

If,  however,  reports  are  to  go  to  an  executive  who 
exercises  a  direct  hand  in  the  supervision  of  the  power 
plant,  the  reports  should  include  such  information  as 


Fig.  S — Power  house  time  card. 
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(juality  and  quantity  of  coal,  with  special  reference  to 
the  ash  and  moisture  in  the  coal,  the  amount  of  oil, 
water  and  various  boiler  and  engine  room  supplies 
used,  and  the  separation  of  labor  costs  in  the  boiler 
and  engine  room  help. 

As  the  size  of  the  plants  increase  it  is  desirable 
to  include  detail  records  of  the  number  of  hours  of 
service  rendered  by  each  unit  over  daily,  monthly  and 
yearly  periods,  hourly  flue  gas  temperature,  barometric 
steam  pressure  and  feed  water  temperature  readings. 
By  com])aring  such  records  a  close  check  may  be  kept 
on  plant  efficiency  and  it  is  possible  to  determine  the 
real  value  of  expenditures  for  equipment  so  that  future 
purchases  may  be  made  to  best  advantage. 

It  has  been  found  practical  dollars  and  cents  value 
to  keep  constant  records  of  such  items  as  air  pressure 
below  grate,  furnace  draft,  CO.  in  flue  gas,  as  well  as 
to  watch  smoke,  to  record  tests  of  boilers,  pumps  and 
engines,  keep  close  track  of  rejiairs  and  note  the  ca- 
pacity of  stokers,  coal  and  ash-handling  eciuipment,  etc. 

The  personal  equation  and  the  problem  of  the  in- 
dividual plant  will  lead  to  placing  emphasis  on  cer- 
tain details  of  operation  in  one  plant  and  placing  this 
emphasis  on  other  items  in  another  plant.  Log  sheets 
should  properly  be  individualized  to  meet  the  particu- 
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lar  conditions  in  the  plant  where  they  are  used,  and  it 
will  be  of  interest  to  examine  typical  records  which 
can  be  modified  for  individual  use. 

Fig.  1  shows  the  daily  log  sheet  turned  in  by  the 
chief  engineer  of  each  steam  power  plant  operated  by 
one  well  known  company.  It  will  be  noted  that  this 
log  deals  only  with  quantities  of  material  and  hours 
of  operation. 


Fig.  2  is  the  report  of  men  employed,  used  by  the 
same  company.  This  report  is  turned  by  the  chief  en- 
gineer to  the  office  of  the  superintendent  of  power 
plants.  In  the  latter  office,  computation  of  the  cost 
of  labor  are  made  an  dare  added  to  the  report  so  that 
the  superintendent,  at  least,  has  the  labor  cost  be- 
fore him. 

Fig.  3  is  the  combined  operating  report  for  all  the 
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power  plants  and  is  made  up  from  the  logs  shown  in 
Figs.  1  and  2,  for  all  plants.  The  logs  just  referred 
to  deal  with  the  units  of  time  and  material,  and  the 
unit  of  output.  A  more  intimate  record  of  operating 
conditions,  howevei^,  is  desirable.  This  is  to  be  ob- 
tained by  making  a  record  of  such  data  as  the  fol- 
lowing: 

In  conjunction  with  the  use  of  the  log  in  Fig.  4, 
the  chief  engineer  will  also  want  detail  record  of  the 
time  put  in  by  different  men  on  different  jobs.  This 
record  can  be  in  the  form  shown  in  Fig.  5. 

In  this  case  the  chief  engineer  will  make  this 
form  out  in   triplicate,  filling  in  only   the  hour's   col- 
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umn.  The  office  of  the  superintendent  of  power  sta- 
tions will  fill  in  rates  and  amounts,  and  send  a  copy 
of  each  to  the  accounting  department,  who  will  set 
up  the  charges.  By  constant  reference  to  these  time 
cards,  the  chief  engineer  will  have  a  ready  comparison 
between  the  performance  on  any  given  date  and  the 
average  time  required  for  similar  work. 

Fig.  6  is  a  report  on  the  water  softening  and  puri- 
fying systems.  Reports  of  this  character  should  not 
only  be  used  for  water  softening  apparatus,  but  for 
any  other  special  equipment. 

Fig.  7  is  a  form  for  weekly,  monthly  and  yearly 
reports  of  boiler  house  operating  costs.  This  chart 
was  developed  by  one  of  the  keenest  engineering  or- 
ganizations in  the  country  and  is  in  constant  use  for 
recording  costs  in  a  large  number  of  power  plants 
under  its  supervision. 


Fig.  8  is  the  semi-monthly  time  record  employed 
by  another  operating  company  with  a  municipal  power 
plant.  This  record  shows  the  maintenance  cost  of  all 
important  units  of  equipment. 

Fig.  9  is  a  daily  graphic  chart  kept  in  the  power 
superintendent's  office  of  the  operating  company  re- 
ferred to  above.  This  chart  is  plotted  daily  on  cross 
section  of  cloth.  At  the  end  of  every  month,  the 
monthly  average  curve  is  drawn  on  the  chart  in  red. 
This  graphic  record  is  always  available,  and  when 
desired   the  charts  for  a  year  or  more  back  may  be 
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tacked  up  on  the  bulletin  board  as  an  object  lesson  to 
all  operating  men. 

As  stated  above,  the  performance  log  should  be 
drawn  up  to  meet  the  individual  conditions  obtaining 
in  each  plant.  There  is  one  danger  in  doing  this,  how- 
ever, in  that  there  is  frequently  a  temptation  to  include 
too  much  irrelevant  data.  The  things  with  which 
everyone  should  be  concerned  are  those  factors  in  op- 
eration which  have  an  important  bearing  upon  the 
total  cost  of  production  and  which  can,  in  some  meas- 
ure, be  controlled. 

It  is  perfectly  useless  for  operating  men  to  make 
records  covering  factors  which  cannot  be  controlled. 
Let  the  operating  men  center  their  efforts  on  such 
principle  points  as  coal  consumption  per  kw.  hour  and 
men  per  hour  required  for  various  operations,  and  im- 
provements in  operating  conditions  will  result. 
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Oil  and  Coal  Mixed   Used  for  Fuel 

The  United  States  Bureau  of  Mines  Suggests  a  Mixture  of  Oil  and 
Coal,  Which  Bears  a  Relationship  to  the  Trent  Process,  as  an 
Emergency  Fuel. 


AS  an  emergency  fuel,  a  mixture  of  fuel  oil  with  fine 
coal  in  as  large  proportions  as  the  coal  will  ab- 
sorb and  hold  is  suggested  by  the  United  States 
Bureau  of  Mines  to  steam  coal  users  and  gas  manufac- 
turers to  augment  their  fuel  supply  during  the  pres- 
ent shortage. 

Slack  coal  that  has  a  high  percentage  through  an 
8-mesh  screen,  or  which  may  be  crushed  to  sizes  of  ]/% 
inch  or  less,  will  take  up  in  oil  from  30  to  40  per  cent  of 
its  own  weight  and  make  a  fuel  high  in  calorific  value. 
Coarse  slack  coal,  however,  as  judged  by  a  representa- 
tive sample  from  the  Pittsburgh  market,  will  absorb  oil 
to  only  3  to  10  per  cent  of  its  own  weight,  which  would 
give  a  fuel  having  only  about  4  to  15  per  cent  increased 
heating  value.  The  finer  the  size  of  the  coal,  therefore, 
the  larger  is  the  amount  of  oil  which  will  be  held.  Tests 
made  by  the  Bureau  of  Mines  at  its  Pittsburgh  experi- 
ment station  indicate  that  the  mixture  can  be  made  with 
either  bituminous  slack  or  anthracite  culm. 

This  method  bears  a  relationship  to  the  Trent  pro- 
cess of  purifying  coal  by  fine  grinding  and  amalgama- 
tion with  oil,  now  in  operation  at  a  plant  at  Alexandria, 
Va.,  which  has  demonstrated  the  success  of  a  combi- 
nation of  oil  and  coal  for  steam-making,  gas  manufac- 
turing and  other  fuel  purposes.  The  present  emergency 
proposal  does  not  contemplate  the  cleaning  process,  but 
involves  merely  the  simple  mixing  by  shovel  or  con- 
crete mixer.  The  Trent  Corporation  has  volunteered 
to  assist  the  Government  in  advising  in  the  use  or  ap- 
plication of  oil-coal  mixtures,  and  to  waive,  during  this 
emergency,  any  claim  of  infringement  of  its  process 
which  may  or  may  not  be  involved  by  the  simple  mixing 
of  fuel  oil  and  coal,  without  reference  to  cleaning. 

An  oil  refinery  at  Baltimore,  it  is  reported,  mixed 
by  shovel  a  ton  of  heavy  Mexican  fuel  oil  with  two  or 
three  tons  of  Western  Maryland  slack  coal,  and  used 
it  successfully  in  a  switch  engine.  At  the  experiment 
station  of  the  Bureau  of  Mines  at  Pittsburgh  it  was 
found  that  mixtures  containing  one  ton  of  Mexican  fuel 
oil  and  four  to  five  tons  of  Pittsburgh  slack  coal  could 
be  used  in  a  hand-fired  furnace. 

In  using  oil-coal  mixtures,  the  fire  will  smoke  badly 
after  firing,  or  while  breaking  up  the  coke  bed  from 
time  to  time.  From  such  limited  amount  of  testing  as 
has  been  done  by  the  Bureau  of  Mines,  it  was  shown 
that  careful  firing  is  required  to  prevent  continuous 
smoking.  Experimenting  must  be  done  in  each  case  to 
determine  the  best  method  of  firing. 

Chain  grates  and  certain  other  automatic  stokers 
are  probably  well  adapted  to  handle  the  oil-fuel  mix- 
ture if  the  bin  and  feeding  devices  are  suitable.  Oil-fue't 
mixtures  will  not  fire  spontaneously,  but  undoubtedly 
care  should  be  exercised  to  ventilate  bins  where  exter- 
nal heat  may  tend  to  drive  ofif  lighter  gases,  although 
the  fuel  oil  which  is  on  the  market  has  had  the  lighter 
oils  distilled  from  it.  ... 


Anthracite  culm  dust  which  would  sift  through 
ordinary  grate  bars  can  be  used  successfully  when 
mixed  with  the  oil,  as  the  oil  causes  it  to  adhere  and 
the  oil  residue  cokes  as  soon  as  heated.  Oil  and  an- 
thracite mixtures  are  not  smokeless  with  hand  firing, 
the  Bureau  of  Mines  tests  indicate. 

This  simple  mixture  of  fuel  oil  and  coal  is  proposed 
by  the  Bureau  of  Mines  merely  as  a  temporary  meas- 
ure. While  under  conditions  of  normal  fuel  supply 
such  a  mixture  probably  would  not  prove  satisfactory 
unless  it  involved  the  cleaning  feature  embraced  in  the 
Trent  process.  In  places  where  fuel  oil  is  available  it 
can  be  used  to  piece  out  a  poor  coal  supply  without  the 
changes  in  equipment  necessary  to  convert  boilers  to 
oil  burning. 


NEW  OVENS  TO  BE  BUILT  BY  KOPPERS 

The  Koppers  Company  has  been  awarded  a  contract 
to  build  366  by-product  coke  ovens  of  its  new  design  for 
the  Carnegie  Steel  Company  at  Clairton,  Pa.,  together 
with  a  by-product  plant  and  benzol  plant.  These  ovens 
will  be  of  the  combination  type,  so  arranged  that  they 
may  be  heated  with  producer  gas  or  blast  furnace  gas, 
releasing  all  of  the  coke  oven  gas  for  use  in  the  mills. 

The  ovens  to  be  built  at  Clairton  are  of  a  design  re- 
cently perfected  by  the  Koppers  Company  and  repre- 
sent a  great  improvement  over  any  previous  develop- 
ment in  the  by-produce  coke  industry,  either  in  this 
country  or  abroad.  Improved  quality  of  coke  produced, 
making  possible  more  economical  blast  furnace  practice 
by  reducing  the  consumption  of  coke  per  ton  of  iron 
produced,  a  faster  coking  time  giving  a  greater  capacity 
per  oven  per  day,  and  stronger  construction  are  the 
principal  advantages  of  this  new  design. 

This  addition  will  increase  the  carbonizing  capacity 
of  the  Clairton  by-product  coke  plant  by  8,500  tons  of 
coal  per  day,  and  when  completed,  will  bring  the  car- 
bonizing capacity  of  this  plant  up  to  a  total  of  21,500 
tons  of  coal  per  day.  The  present  by-product  coke 
plant  at  Clairton,  already  the  largest  of  its  kind  in  the 
world,  furnishes  coke  and  gas  necessary  to  operate  the 
blast  furnaces  and  steel  mills  of  the  Carnegie  Steel 
Company  in  the  Pittsburgh  district.  The  original  in- 
stallation, consisting  of  10  batteries  of  64  ovens  each, 
was  completed  in  1917  and  during  1918  two  additional 
batteries  of  64  ovens  each  were  installed.  This  last 
addition  of  366  ovens  brings  the  total  up  to  1,134,  all  of 
which  will  have  been  designed  and  built  by  the  Koppers 
Company. 

Joseph  Becker,  of  Pittsburgh,  consulting  engineer 
of  the  Koppers  Company,  is  the  inventor  of  this  new 
oven.  An  experimental  battery  of  ovens  of  this  design 
has  been  in  operation  at  the  Koppers  Company's  plant 
in  Chicago  for  the  past  year,  and  it  is  believed  that  the 
performance  of  this  experimental  plant  was  largely  in- 
strumental in  deciding  the  Carnegie  Steel  Company  to 
build  this  new  type  of  oven. 
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Review  of  a  German  Book  on  Open  Hearths 

Hubert  Hermanns'  Book,  Entitled  "Das  Moderne  Siemens-Mar- 
tinstahlwerk,"  Interestingly  Reviewed — Recently  Published  in 
Germany. 

Review  by  WALTER  de  FRIES 


TlIM  purpose  of  this  book,  as  JMr.  Hermanns  points 
out  in  the  preface,  is  a  description  of  open  hearth 
plant  equipment,  with  which  he  aims  to  fill  in  a 
space  left  in  the  literature  pertaining  to  open  hearth 
practice.  There  are  a  ;iumber  of  authentic  books  on 
the  theory  and  practice  of  the  open  hearth  process, 
while  all  knowledge  of  the  necessary  equipment  beyond 
the  furnace  construction  proper  usually  has  to  be  gath- 
ered from  trade  publications,  catalogues  and  magazine 
articles.  In  this  respect  the  book  is  similar  in  many 
ways  to  the  volume  published  two  years  ago  by  the 
Wellmann,  Seaver.  RIorgan  Company,  entitled  the 
"Open  Hearth,"  with  that  distinction,  however,  that  it 
is  a  survey  of  equipment  as  designed  by  the  several 
German  firms  specializing  in  this  line  rather  than  a 
catalogue  illustrating  equipment  of  one  particular 
company  onlv,  as  in  the  case  of  the  American  book 
referred  to.  It  is,  therefore,  of  decidedly  higher  value, 
giving  the  seeker  for  knowledge  at  least  a  very  good 
start  and  introduction,  accompanied  by  an  explaining 
text  evidently  intended  for  student  consumption  prin- 
cipally. There  are  a  number  of  references  and  reprints 
from  articles  describing  American  plants,  with  some 
rather  startling  statements,  such  as,  for  instance,  that 
the  plant  of  the  Weirton  Steel  Company  is  equipped 
with  stationary  200-ton  furnaces,  but  in  general,  one 
may  say  that  Mr.  Hermanns  has  evidently  carefully 
studied  the  blast  furnace  and  steel  plant  during  the 
last  few  years  and  incorporated  everything  that  may  be 
of  interest  to  his  German  readers  in  his  book. 

From  the  American  viewpoint  his  book  is  interest- 
ing as  evidently  describing  modern  German  practice. 
There  is  little,  however,  which  could  be  copied — a?  is — 
though  there  are  a  few  constructions  which  are  con- 
spicuous by  their  absence  in  American  plants.  Chief 
among  these  are  electrically  operated  scrap-bundling 
machines,  two  types  of  which  are  illustrated:  an  elec- 
trically operated  door-hoisting  inechanism  with  one 
single  motor  drive  for  a  series  of  doors,  and  the  so- 
called  "Heinzelmann  Entlader"  ("Unloader")  for  un- 
loading coal,  etc.,  from  flat  cars.  The  revolving  turret 
type  charging  machine,  evidently  in  general  use  abroad, 
may  yet  find  some  friends  in  this  country,  considering 
that  it  eliminates  entirely  the  movement  of  the  charge 
by  rail  and  locomotive. 

Interesting  is  the  further  description  of  open  hearth 
port  construction  abroad,  though  it  can  hardly  be 
recommended  to  follow  the  "rules  of  thumb"  given  by 
the  writer  for  their  design.  The  Gary  works  of  the 
Steel  Corporation  will  undoulitedly  be  interested  to 
learn  that  their  output  of  three  heats  per  day  in  their 
70-ton  furnaces,  with  a  total  day  production  of  210  tons, 
is  readil}'  equalled  by  standard  German  40-ton  furnaces 
in  hot  metal  practice.  The  superioritv  of  the  German 
furnace  the  writer  attributes  to  the  difference  in  height 
of  the  bath,  which  is,  as  he  states,  as  high  as  24  in. 


in  the  States,  with  a  maximum  of  12  in.,  now  rarely  ex- 
ceeded in  Germany,  particularly.  This  is  an  interest- 
ing criticism,  and  the  logic  of  the  German  pan  design, 
as  compared  with  our  own,  seems  to  merit  investigation 
at  least. 

Of  further  interest  is  a  description  of  a  one-way 
flame  type  open  hearth  designed  by  Corsalli.  stationary 
in  structure  and  similar  in  principle  to  the  -tOO-ton  tilt- 
ing furnace  designed  by  Talbot,  which  was  described 
in  this  journal  not  so  long  ago. 

The  chapter  dealing  with  producers  is  an  elabora- 
tion of  an  article  bv  the  same  author,  which  appeared 
in  the  Blast  Furnace  and  Steel  Plant  last  year. 

One  misses  a  chapter  on  refractory  materials  for  the 
open  hearth,  which  would,  if  added,  make  the  book 
more  complete.  On  the  other  hand,  there  is  an  agree- 
able surprise  at  the  end  in  the  form  of  a  13-page  bibiio- 
graph  and  reference  guide,  which  alone  is  worth  any 
price  charged  for  the  book,  so  much  the  more  as  it 
seems  to  be  a  rather  complete  survey  of  any  and  all 
articles,  which  have  appeared  in  the  last  10  or  15  years 
in  the  various  leading  steel  industry  periodicals  in  all 
parts  of  the  world.  .A.  table  at  the  end  of  the  book,  giv- 
ing the  evolution  from  the  iron  ore  to  finished  products, 
has  already  been  criticised  in  issue  27  (page  1078)  of 
Stahl  und  Eisen.  to  which  we  refer. 

There  is  need  for  a  book  of  this  character,  not  only 
in  Germany  but  here  also,  and  the  more  international 
the  description  of  the  various  appliances  is  the  more 
valuable  is  the  book,  undoubtedly.  Mr.  Hermann's  book 
is  typical  German,  and  consequently  of  little  value  to 
the  average  .\merican  reader,  except  to  the  student  of 
certain  machinery  and  mechanism.  If  one  would  at- 
tempt again  to  write  a  book  of  this  nature  it  is  essen- 
tial, not  merely  desirable,  that  the  writer  has  more  than 
a  perfunctory  knowledge  of  practice  outside  of  Ger- 
man}-  if  he  intends  to  be  taken  seriously.  Impressions 
gained  from  reading  of  American  magazine  articles 
and  unsupported  by  any  personal  contact  with  our  lead- 
ing industry-,  can  hardly  fail  to  be  misconclusions  in 
many  cases,  from  which  a  book  for  students  and  de- 
sisjners  should  be  free. 


BUREAU  OF  MINES  CHANGES 

A.  \V.  Ambrose,  chief  petroleum  technologist  of 
the  United  States  Bureau  of  Mines,  has  been  appointed 
assistant  director  of  the  bureau,  to  fill  the  vacancy 
created  by  the  resignation  of  A.  E.  Holbrook.  who  has 
accepted  the  position  of  dean  of  the  mining  school  at 
Pennsylvania  State  College.  The  appointment  is  ef- 
fective October  1.  The  duties  of  F.  J.  Bailey,  assistant 
to  the  director,  have  been  increased  by  assigning  to 
him  virtually  all  of  the  business  matters  of  the  bureau 
formerlv  handled  bv  the  assistant  director. 
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George  W.  Armstrong,  head  of  the  George  W.  Armstrong 
Company,  Fort  Worth,  Tex.,  manufacturer  of  iron  products, 
and  associates  have  organized  the  Armstrong  Steel  Company 
with  a  capital  of  $2,500,000  and  25,000  shares  of  common  stock, 
no  par  value.  The  new  company  will  succeed  to  the  present 
Armstrong  business  and  plans  are  being  arranged  for  the  re- 
modeling of  the  plant  into  a  modern  steel  mill.  The  produc- 
tion of  bar  iron  and  other  commercial  iron  products  will  event- 
ually be  entirely  discontinued  and  the  bulk  of  operations  con- 
centrated on  steel  ingots  and  a  line  of  steel  products  used  ex- 
tensively in  this  district.  Xew  mills  will  be  constructed,  esti- 
mated to  cost  close  to  $1,000,000,  including  machinery  and 
operating  equipment.  To  provide  funds  for  this  expansion  the 
company  is  arranging  for  the  immediate  sale  of  a  preferred 
stock  issue  aggregating  $2,500,000.  George  W.  Armstrong 
will  be  chairman  of  the  board  of  the  new  company;  R.  L,. 
Van  Zandt  will  be  president,  and  David  R.  Knapp,  consulting 
engineer  and  formerly  connected  with  the  Eastern  Steel  Com- 
pany, Philadelphia,  will  be  vice  president,  in  charge  of  oper- 
ations. 


The  Wallingford  Steel  Company,  Wallingford,  Conn.,  re- 
cently organized  with  a  capital  of  $200,000,  is  completing  the 
installation  of  the  initial  machinery  at  its  new  local  plant,  and 
plans  to  inaugurate  production  at  an  early  date.  The  new 
plant  will  specialize  in  the  production  of  cold  rolled  steel 
products. 


The  Nekoosa  Iron  Works,  Nekoosa,  Wis.,  has  plans  under 
way  for  the  construction  of  a  new  addition  to  its  plant  for 
increased  production,  comprising  a  one-story  structure  about 
50x80  feet,  and  adjoining  building  50x75  feet,  estimated  to  cost 
close  to  $50,000,  with  equipment.  Work  will  be  commenced 
at  an  early  date. 


The  Columbia  Steel  Corporation,  503  Market  Street,  San 
Francisco,  Cal.,  comprising  a  recent  merger  of  the  Columbia 
Steel  Company,  San  Francisco,  and  the  Utah  Coal  and  Coke 
Company,  Salt  Lake  City,  Utah,  operating  in  Carbon  and  Iron 
Counties,  Utah,  has  preliminary  plans  in  progress  for  the  con- 
struction of  a  number  of  additions  to  its  plant  at  Pittsburg, 
Cal.  The  expansion  will  include  a  new  rod  mill,  wire  mill, 
nail  works,  and  other  structures,  estimated  to  cost  more  than 
$1,500,000,  including  machinery  and  installation.  It  is  pro- 
posed to  commence  work  early  in  October  and  rush  the  struc- 
tures through  to  completion.  The  new  company  is  capitalized 
at  $15,000,000. 


The  Greenville  Steel  and  Iron  Company,  Greo^nville,  Pa  . 
care  of  the  Greenville  Chamber  of  Commerce,  recently  or- 
ganized, has  acquired  a  tract  of  property  totaling  about  35 
acres  of  land  for  the  construction  of  a  new  steel  plant,  to  be 
devoted  primarily  to  the  production  of  alloy  steels.  The  initial 
works,  as  projected,  will  include  a  500-ton  blast  furnace,  four 
60-ton  open  hearth  furnaces  and  one  10-ton  open  hearth  fur- 
nace. The  latter  unit  will  be  used  almost  entirely  for  experi- 
mental work.  Other  plan  departments  will  include  four  roll- 
ing mills,  cold  drawing  mill,  electric  power  plant  with  capacity 
of  about  15,000  horsepower,  and  other  miscellaenous  buildings. 
It  is  expected  to  develop  an  initial  annual  output  of  about 
180,000  tons  of  pig  iron  and  close  to  165,000  tons  of  steel.  Of 
the  pig  iron  production  it  is  estimated  that  the  plant  will  use, 


itself,  about  110,000  tons.  Wherever  possible  the  machinery 
installed  will  be  electrically  operated.  The  new  plant  is  esti- 
mated to  cost  in  excess  of  $1,500,000.  The  company  is  cap- 
italized at  $2,500,000  and  is  headed  by  Colonel  H.  P.  Boke, 
formerly  vice  president  of  the  Carnegie  Steel  Company, 
Pittsburgh,  Pa.;  H.  E.  McConnell,  metallurgical  engineer,  also 
previously  connected  with  the  Carnegie  Company;  A.  H. 
Davies  will  be  general  plant  superintendent. 


The  Bethlehem  Steel  Corporation,  Bethlehem,  Pa.,  has 
tentative  plans  in  progress  for  the  construction  of  a  number 
of  additions  to  its  plant  at  Sparrows  Point,  near  Baltimore, 
Md.  The  work  will  include  a  new  open  hearth  mill,  plate 
mill,  sheet  and  tinplate  mills  and  miscellaneous  structures,  n: 
full,  to  provide  for  an  increased  capacity  of  close  to  300,000 
tons  per  annum. 


The  Mesabi  Iron  Company,  25  Broad  street.  New  York, 
N.  Y.,  operating  iron  ore  properties  in  the  Mesabi  Range, 
Minn.,  has  arranged  for  a  stock  issue  of  $600,000,  a  portion 
of  the  proceeds  to  be  used  for  extensions  and  improvements. 
The  company  is  devoting  a  large  portion  of  its  output  to  the 
manufacture  of  iron  ore  concentrate,  sinter.  The  present  mill 
has  a  capacity  averaging  from  400  to  500  tons  of  sinter  per 
day,  with  course  crushing  plant,  power  plant  and  other  n-.e- 
chanical  buildings  used  for  operation.  D.  C.  Jackling  is  prus- 
ident  and  W.  G.  Swart,  vice  president  and  general  manager. 


The  International  Harvester  Company,  Chicago,  111.,  will 
commence  the  immediate  construction  of  a  new  one-story 
open  hearth  furnace  at  its  Wisconsin  Steel  Works,  One  Hun- 
dred and  Sixth  Street  and  Torrence  Avenue.  The  plant  .in:t 
will  be  143x504  feet,  and  is  estimated  to  cost  approximately 
$300,000.  The  general  contract  has  been  awarded  to  the  Bates 
&  Rogers  Construction  Company,  37  West  Van  Buren  Street, 
Chicago. 


The  Otis  Steel  Company,  Cleveland,  Ohio,  has  arranged 
for  an  increase  in  capital  from  500,000  to  1,000,000  shares  of 
stock.  The  excess  being  used  in  connection  with  a  new  boii'i 
issue  to  provide  for  plant  extensions  for  considerably  in- 
creased output.  Plans  are  underway  for  a  new  steel  plant  to 
consist  of  open  hearth  furnaces,  rolling  mills  and  subsidiary 
structures,  estimated  to  cost  close  to  $1,000,000,  including  ma- 
chinery. The  nevvi  works  will  be  used  primarilj'  to  supply  the 
sheet  bar  and  slab  requirements  for  the  general  plate  and 
sheet  mills  of  the  company.  It  is  expected  to  call  for  bids  at 
an  early  date. 


The  Coast  Range  Steel  Company,  Victoria.  B.  C,  organ- 
ized a  number  of  months  ago  with  a  capital  of  $15,000,000,  is 
arranging  with  the  provincial  government  for  the  construc- 
tion of  a  new  steel  plant.  It  is  proposed  to  issue  bonds  l-ir 
about  $4,000,000,  to  provide  for  the  initial  construction,  while 
the  ultimate  plant  will  cost  close  to  $10,000,000.  It  will  con- 
sist of  a  blast  furnace,  open  hearth  plant  and  other  subsidiary 
structures,  equipped  for  an  annual  capacity  of  about  120,000 
tons  of  steel.  H.  J.  Landahl  is  one  of  the  heads  of  the  cor- 
poration. 
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NEW  PORTABLE  MEASURING  INSTRUMENT 
MANUFACTURED  BY  WESTINGHOUSE  CO 

Portable  ammeters  and  voltmeters  of  a  new  type,  of  which 
compactness,  ruggedness,  simplicity  of  construction  and  ac- 
curacy are  important  features,  have  been  added  to  the  line  of 
instrunuMits  made  )).v  the  Wcstinahonsr  Electrii-  nnd  Manu- 
facturing Company. 

The  instruments,  known  as  type  PX-3  portable  instru- 
ments, are  direct  reading  meters  for  general  testing  purposes. 
The  field  of  their  applicaion  is  wide,  including  central  station 
analysis  tests;  trade  scho.ol,  high  school,  and  coHege  equip- 
ment tests,  and  battery  apparatus  tests.  They  are  particularly 
well  suited  for  automobile  and  battery  testing.  A  set  of  six 
of  these  instruments  is  not  as  bulky  to  carry  as  one  ordinary 
large  portable  instrument. 

The  movements  of  these  instruments,  which  operate  on  the 
D'Arsonval  principle,  are  light  in  weight,  assuring  a  minimum 
of  pivot  and  jewel  wear  and  preventing  injurious  effects  from 
shocks  or  vibration.  Since  the  complete  movement  is  mounted 
on  a  micarta  sub-'base  which  can  be  removed  as  a  unit,  it  can 
be  completely  adjusted  outside  of  the  case  where  all  parts  are 
accessi'ble. 

The  cases  are  made  of  moulded  composition.  This  ma- 
terial is  not  only  strong,  but  acid  resisting,  which  makes  the 
instruments  particularly  useful  for  battery  testing.  Some  other 
distinctive  features  of  the  instruments  are  that  they  have  a 
dc.yrcc  of  accuracy  not  previously  found  in  instruments  of  such 
a  small  size;  the  relation  of  torque  to  weight  is  more  tavot- 
able  than  in  larger  instruments;  the  round  open-face  con- 
struction gives  good  lighting  on  the  scale;  the  dials  are  clear 
and  legible  with  a  mirror  under  the  pointer  to  eliminate  par- 
allax; the. calibration  is  as  permanent  as  that  of  larger  instru- 
ments, and  all  the  instruments  have  external  zero  adjusters. 


NEW  SQUIRREL-CAGE  INDUCTION  MOTOR 

The  Electric  Controller  and  Manufacturing  Comijany  of 
Cleveland.  Ohio,  are  putting  on  the  market  a  squirrel-cage 
induction  motor.  They  make  some  very  broad  claims  regard- 
ing this  motor  and  have  introduced  new  ideas  in  motor  de- 
sign. It  is  claimed  that  this  motor  is  better  not  only  from  a 
mechanical  standpoint,  but  from  the  standpoint  of  efficiency, 
power-factor  and  torque. 

No  filing  or  fitting  is  allowable  in  the  manufacture  of  the 
motor,  but  it  is  so  carefully  built  mechanically  that  the  various 
parts  must  fit  or  be  rejected.  The  stator  frame  is  cast  around 
the  stator  limitations,  thus  insurin.i,'-  perfect  rigidity  and  align- 
ment. The  shrinkage  of  the  frame  after  pouring  puts  the 
laminations  under  heavy  pressure  and  removes  any  possibility 
of  the  motor  becoming  nosy.  The  frame  is  of  the  skeleton 
type,  so  that  the  major  portion  of  the  stator  laminations  are 
exposed  to  the  air.  Fan  blades  are  used  on  only  a  few  of  the 
900-rpm.  motors.  The  1,2000  and  1,800-rpm.  motors  do  not 
have  fan  blades,  as  most  of  the  cooling  is  done  by  direct 
contact  of  the  laminations  with  the  air. 

The  stator  windings  are  all  impregnated  twice:  once  after 
the  coils  are  wound  and  again  after  the  stator  is  completely 
assembled  and  wired.  All  coils  are  form-wound,  and  open- 
slot  construction  is  used.  The  same  care  is  used  in  the  man- 
ufacture of  all  of  these  stators  that  is  ordinarily  used  only 
when  severe  moisture  or  oil  paper  conditions  are  to  be  met. 


The  bearings  are  extra  large  and  each  bearing  is  pro- 
vided with  two  oil  rings,  one  of  which  is  sufficient  to  properly 
lubricate  the  bearing.  The  extra  ring  is  used  as  a  factor  of 
safety. 

The  oil  wells  are  larger  than  is  ordinarily  used,  so  as  to 
give  (further  protection  against  hot  bearings.  The  rotor  has 
cast  end  rings  and  the  shaft  is  made  much  larger  than  standard 
engineering  practice  demands. 


COMBINATION  CLUTCH   AND  BRAKE  FOR 
TUMBLING  MILLS 

The  "safety  first"  movement  has  resulted  in  many  im- 
provements in  foundry  and  shop  equipment.  (Jne  of  the 
latest  is  a  combination  clutch  and  brake  mechanism  for 
tumbling   mills. 

This  is  a  simple  and  really  fool-proof  device,  controlled  by 
a  hand  lever.  Shifting  this  lever  towards  the  mill  engages  the 
clutch  and  starts  the  mill  To  stop  the  mill,  the  lever  is  moved 
in  reverse  direction,  ])assing  through  neutral  to  the  braking 
position. 

The  advantages  of  such  a  mechanism  are  easily  seen.  A 
loaded  mill  can  be  brought  to  rest  at  exactly  the  right  point  for 
unloading  and  without  loss  of  time.  Holding  the  mill  in  place 
by  a  wood  prop  or  a  bolt  thrust  into  the  gearing,  as  is  com- 
monly done,  is  always  dangerous.  With  the  combination  clutch 
and  brake  it  is  impossible  for  the  barrel  to  turn  after  the 
brake  is  set.  even   though  the  barrel   is  unequally  loaded. 

This  mechanism  was  devised  by  Whiting  Corporation,  Har- 
vey, 111.,  and  «a  sthoroughly  tested  in  their  own  foundry  before 
being  placed  on  the  market.  U  S.  l.eters  Patent  were  issued 
June  6.  1022. 


PORTABLE  WELDING  SET  IS  SEMIAUTOMATIC 
To  increase  the  applicability  of  its  semiautomatic  arc  weld- 
ing apparatus  and  to  make  it  available  for  use  in  any  part  of 
the  factory  or  shop,  the  General  Electric  Company,  Schenectady. 
N.  Y.,  has  placed  on  the  market  a  portable  set.  This  unit 
comprises  a  complete  equipment,  with  support  for  a  wire  reel, 
mounted  on  a  small  truck  that  can  be  pulled  over  the  shop  Hoor 
or  lifted  by  a  crane.     The  equipment  weighs  about  400  pounds. 

Firiefly.  the  outfit  consists  of  a  semiautomatic  lead,  an  auto- 
matic weldmg  head  with  control,  and  a  standard  for  holding  a 
reel  of  electrode  wide.  Power  is  supplied  to  the  arc  through 
a  flexible  cable  with  a  plug  lor  attaching  it  to  the  nearest  weld- 
ing circuit.  The  reel  carrier  is  equipped  with  a  brake  and  de- 
signed to  take  any  size  up  to  lYi  feet  in  diameter. 

It  is  believed  that  this  portable  set  will  be  used  to  advan- 
tage in  repairing  parts  of  machines  in  place  when  these  parts 
are  too  bulky,  inconvenient,  or  otherwise  impractical  to  move. 
It  is  useful  also  for  doing  routing  welding  of  all  kinds,  such  as 
fillin  gholes  in  castings,  welding  seams  in  pipes  of  tanks  and 
similar  work. 


KEY-TITE   SELF-FITTING   KEYS 

Smith   kS;   Scrrcll.    Xewark.   X.   J.,   have   perfected  the   dctail.s 

of    Keytite    Self-Fitting   Keys   which   give   an   easier  and   belter 

way  to  obtain  a  fit  between  keys  and  keyways  than  by  the  old 
method  of  hand  fitting. 
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Charles  E.  Hulick,  superintendent  of  blast  furnaces  of  the 
Thomas  Iron  Company,  Hokendauqua,  Pa.,  has  resigned, 
effective  September  1. 

V  V 

Joseph  Edmufids  was  recently  appointed  superintendent 
of  finishing  mills,  No.  2  plant,  Inland  Steel  Company,  Indiana 
Harbor,  Ind.  Mr.  Edmunds  was  formerly  superintendent  of 
structural  mill.   Illinois  Steel  Company,  South  Chicago,   111. 

V  V 

E.  L.  Ford  is  president  of  the  Youngstowu  Steel  Company, 
Youngstown,  Ohio,  which  is  installing  a  mechanical  puddling 
|5lant  at  Warren,  Ohio.  Mr.  Ford  is  a  son-in-law  of  Joseph 
G.  Butler,  Jr.,  Youngstown,  and  has  been  associated  with  the 
development  of  the  iron  and  steel  industry  of  the  Mahoning 
Yalley  for  many  years.  Mr.  Ford  is  a  director  of  the  Youngs- 
town Sheet  and  Tube  Company  and  a  member  of  the  execu- 
tive committee  of  the  Brier  Hill  Steel  Company.  The  me- 
chanical puddling  machine  to  be  used  in  the  Warren  installa- 
tion is  the  result  of  years  of  e.xperimentation  by  Mr.  Ford  and 
associates.  It  is  modeled  after  a  design  by  Mr.  Ford,  fully 
covered  by  patents.  Plans  provide  for  an  extensive  plant,  to 
consist  of  two  blast  furnaces,  by-product  coke  oven  comple- 
ment and  16  mechanical  puddling  machnes. 

V  V 

Charles  O.  Rowe  has  become  associated  with  Carson  & 
Company,  Pennsylvania  Building,  Philadelphia,  and  will  have 
charge  of  the  company's  steel  department. 

V  V 

Charles  C.  Hill  was  general  superintendent  of  the  Schoen- 
berger  works  of  the  .\merican  Steel  and  Wire  Company,  Pitts- 
burgh, up  until  two  weeks  ago,  when  he  was  transferred  to  the 
.Vewberg  steel  works  of  this  company,  Cleveland,  as  general 
superintendent,  succeeding  Bertram  D.  Quarrie,  now  general 
manager  of  the  Otis  Steel  Company,  Cleveland.  Mr.  Hill  has 
been  associated  with  the  American  Steel  and  Wire  Company 
since  1892  in  the  capacity  of  timekeeper,  chief  clerk,  super- 
intendent Bessemer  department  and  assistant  general  super- 
intendent. He  was  appointed  general  superintendent  of  the 
Schoenberger  works  last  October.  Mr.  Hill's  successor  will 
be  appointed  soon. 

V  V 

William  J.  Fountain  resigned  his  position  with  the  blast 
furnace   department   of   the   Illinois   Steel  Company   at  Joliet 


to  become  associated  with  tlie  Cleveland-Clitifs  Iron  Company, 
at  Marquette.  .Mich.,  in  the  capacity  of  blast  furnace  super- 
intendent. 

V  V 

George  T.  Christopher  has  been  made  general  superinten- 
dent of  the  Dayton  Engineering  Laboratories  Company,  Day- 
ton, Ohio.  He  was  formerly  assistant  superintendent  and 
production  manager. 

V  V 

Samuel  Hench  has  been  made  superintendent  for  the  Ster- 
ling Steel  Foundry  Company,  Braddock,  Pa.,  of  which,  for 
the  past  five  years,  he  has  been  foreman. 

V  V 

George  M.  Thompson  resigned  as  vice  president  of  the 
Wickwire  Spencer  Steel  Corporation  and  will  retire  from 
active  business  for  a  time.  However,  he  will  continue  a*  a 
member  of  the  board  of  directors.  Mr.  Thompson  has  been 
connected  with  the  wire  industry  for  more  than  27  years  in 
the  Worcester,  Mass.,  district. 

V  V 

J.  J.  Becker  has  been  made  superintendent  of  the  blast 
furnace  plant  of  the  Temple  Furnace  Company,  Temple,  Pa. 
This  company  was  incorporated  recently  to  take  control  of 
the  plant  formerly  operated  by  the  Seaboard  Steel  and  Man- 
ganese Company.  Repairs  have  been  made  and  the  plant  will 
start  operation  in  the  near  future. 

V  V 

E.  W.  Rossiter  has  been  appointed  en.gineer  of  construc- 
tion for  Freyn,  Brassert  &  Company.  He  was  previously  chief 
engineer  of  the  Interstate  Iron  and  Steel  Company,  Calumet 
River,  Chicago,  and  prior  to  that  was  with  the  American  Sheet 
and  Tin  Plate  Company,  the  Minnesota  Steel  Company  and 
the  Canadian  Steel  Corporation,  Ltd.,  Ojibway,  Ont. 

V  V 

Harold  L.  Stevens,  who  has  been  appointed  general  sales 
manager  of  Central  Iron  and  Steel  Company,  Harrisburg,  Pa., 
has  spent  practically  his  entire  life  in  the  steel  business.  He 
was  employed  in  the  Sweet  mills  at  Syracuse,  N.  Y.,  and  later 
by  the  Sweet's  Steel  Company,  Williamsport,  Pa.  Some  years 
later  he  joined  the  Lackawanna  Steel  Company,  in  the  Buffalo 
sales  department.  He  was  made  New  England  district  sales 
manager  of  the  Lackawanna  Steel  Company  about  11  years 
ago,  with  headquarters  in  Boston.  A  native  of  Portland,  Me., 
he  attended  Cornell  Universty  and  is  an  ex-president  of  the 
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Cornell  Club  of  New  England.     The  change  takes  effect  Sep- 
tember 1. 

V'  V 
C.  N.  Phillips,  tor  the  past  five  years  superintendent  of  the 
Reading  Steel  Casting  Company,  Reading,  Pa.,  has  taken 
charge  of  the  steel  foundry  department  of  the  Chapman  V'ylve 
Manufacturing  Company,  Indian  Orchard,  Mass.  Mr.  Phillips 
was  connected  with  the  Reading  Steel  Casting  Company  for 
a  period  of  22  years,  starting  as  a  workman  and  advancing  by 
stages  to  the  position  of  superintendent.  He  was  also  identi- 
fied with  a  valve  manufacturing  business  in  Reading. 

V  V 

Arthur  Whitcraft,  manager  manganese  steel  sales,  Hadtield. 
Penfield  Steel  Company,  Bucyrus,  Ohio,  in  addition  to  his 
previous  duties,  has  also  been  placed  in  charge  of  all  foundry 
operations  at  the  South  Works  at  Bucyrus,  Ohio. 

\        v 

J.  A.  McCrory,  formerly  secretary  and  general  manager  n! 
sales  of  the  American  Steel  Company,  Pittsburgh,  and  C.  1 
Baird,   who   was   president   of  Charles   T.    Baird   &   Company 
have  formed  a  partnership  under  tlie  firm  name  Baird  &  Mc- 
Crory, Inc.,  with  offices  at  140  Nassau  street.  New  York. 

V  V 

F.  D.  Gordon  was  recently  appointed  manager  of  the  Gary 
Screw  and  Bolt  Company  Works,  Gary,  Ind.,   succeeding  C 
E.  Carr,  who  had  been  manager  for  a  number  of  years. 

V  V 

A.  L.  Roberts  has  been  appointed  sales  engineer,  railrojn 
department  of  the  United  Alloy  Steel  Corporation.  Canton. 
Ohio.  Mr.  Roberts  was  formerly  master  mechanic  of  the 
Lehigh  Valley  Railroad  and  recently  chief  engineer  of  the 
Atlas  Crucible  Steel  Company. 

V  V 

Bertram  H.  Lawrence,  district  engineer,  American  Steel 
and  Wire  Company,  Worcester,  Mass.,  has  been  made  chief 
engineer  to  succeed  W.  E.  Snyder,  Pittsburgh,  who  recently 
died.  Matthew  R.  Fish,  chief  draughtsman.  South  Works, 
Worcester,  succeeds  Mr.  Lawrence  as  district  engineer.  Mr. 
Lawrence  will  have  charge  of  power  and  mechanical  equip- 
ment, with  headquarters  at  Pittsburgh,  and  will  take  up  hjs 
duties  this  month.  He  originally  was  with  the  Chicago  office 
of  the  company  and  went  to  Worcester  about  seven  years  ago. 
His  education  as  a  mechanical  engineer  was  received  at  the 
University  of  North  Carolina. 


Joseph  H.  Swift,  master  mechanic,  South  Works,  .Amer- 
ican Steel  and  Wire  Company,  Worcester,  Mass.,  has  been 
made  chief  draughtsman  to  succeed  Matthew  R.  Fish,  who  is 
now  district  engineer.  Joseph  Ashworth,  shop  foreman  at 
the  North  Works,  succeeds  Mr.  Swift  as  master  mechanic  at 
the  South  Works. 

V  V 

S.  P.  Ker,  Jr.,  Sharon,  Pa.,  has  been  appointed  general 
manager  of  sales  of  the  Ashtabula  Steel  Company,  .'\shtabula, 
Ohio.  The  com.pany  is  completing  an  eight-mill  sheet  plant. 
Mr.  Kcr  is  a  son  of  Severn  P.  Ker,  president  of  the  Sharon 
Steel  Hoop  Company. 

V  V 

Mr.  Charles  Gray  Cooper,  for  45  years  identified  with  the 
C.  &  G.  Cooper  Company,  engine  builders,  Mt.  Vernon,  Ohio, 
(lied  at  his  home  in  Mt.  Vernon  at  5  A.  M.,  .August  4,  1922,  after 
an  illness  dating  from  April,  1918.  He  was  born  in  Mt.  Vernon 
December  11,  1845,  and  was  the  son  of  Elias  Cooper,  who, 
with  his  brother,  Charles  Cooper,  founded  the  C.  &  G.  Cooper 
Company,  90  years  ago.  He  was  educated  in  the  public 
schools  of  Mt.  Vernon  and  at  Oberlin  College.  Mr.  Cooper 
was  one  of  the  pioneer  engine  builders  of  this  country  and 
practically  his  entire  life  was  spent  in  the  development  and 
building  of  Cooper  steam  and  gas  engine.';. 

V  V 

Mr.  D.  W.  Elliot,  general  superintendent  of  the  Joseph  E. 
Thropp  furnaces,  died  at  his  residence  at  Earlston,  Pa.,  July 
24,  from  apoplexy.  Mr.  Elliot  was  formerly  connected  with 
the  Schoenberger  furnaces  and  steel  plant,  the  Central  fur- 
naces in  Cleveland,  the  Donora  furnaces,  the  Cambria  Steel 
Company  and  the  Joseph  E.  Thropp  furnaces. 

V  V 

Thomas  H.  Wickenden  and  Charles  McKnight,  Jr.,  have 
recently  ioined  the  development  and  research  department  of 
the  Inernational  Nickel  Company,  New  York,  to  undertake 
development  work  in  connection  with  alloy  steels.  Mr. 
Wickenden  was  for  many  years  associated  with  the  Stude- 
baker  Corporation  as  engineer-in-charge  at  the  South  Bend 
plant  and  more  recently  associated  with  Zeder-Skelton-Breer 
Engineering  Com.pany  in  a  consulting  capacity.  Mr.  Mc- 
Knight was  formerly  works  manager  of  the  Carbon  Steel 
Company  and  engaged  for  many  years  in  the  production  of 
alloy  steels. 
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!  Some  Pointers  on  J3y-Proauct  Coke  Oven  Operations  I 
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WEIRTON  STEEL  COMPANY  TO  BUILD 
BY-PRODUCT  PLANT 

The  Weirton  Steel  Company,  Weirton.  W.  Va.,  has  awarded 
the  Koppers  Company  a  contract  to  build  a  by-product  coke 
plant  and  motor  fuel  recovery  plant.  Work  already  has  begun 
on  the  first  battery  of  the  by-product  plant  which  will  consist 
of  27  ovens  of  the  Koppers  Company's  new  design,  with  a  capa- 
city of  producing  more  than  600  net  tons  of  coke  per  day,  en- 
tirely from  high  volatile  coal.  It  is  expected  that  this  unit  will 
be  completed  and  in  operation  late  in  the  summer  of  192,3.  Ulti- 
mately the  plant   will  consist   of  three  batteries   of   ovens. 

The  design  of  the  ovens  to  be  built  at  Weirton  is  the  same 
as  that  of  the  5-oven  battery  which  has  been  in  operation  at  the 
plant  of  the  Chicago  By-Product  Coke  Company  for  the  past 
six  months.  Each  oven  will  have  a  capacity  of  more  than  14 
net  tons  of  coal  per  charge.  This  new  type  of  oven  is  about 
14  in.  wide  and  embraces  an  entirely  different  system  of  heating 
than  the  old  Koppers  design.  The  ovens  are  so  arranged  that 
at  any  time  they  can  be  heated  with  either  blast  furnace  or  pro- 
ducer gas,  thus  releasing  all  the  valuable  coke  oven  gas  for  use 
in  the  steel  works.  The  Chicago  plant,  with  ovens  like  those 
to  be  constructed  at  Weirton,  has  been  operating  on  an  average 
coking  time  of  12  hours  and  has  been  on  as  low  coking  time 
as  9  hours  50  minutes. 


LIGNITE  TAR   DISTILLATION 

Lignite  tars  are  profitably  distilled  at  reduced  pressure,  in 
order  to  save  time  and  fuel,  and  to  reduce  the  tendency  of  the 
tar  to  crack.  In  Germany,  it  was  formerly  customary  to  start 
the  distillation  with  a  pressure  of  10  cm.  (4  in.")  of  mercury 
below  atmospheric,  and  to  finish  the  process  at  a  pressure  de- 
ficiency of  40  cm.  (16  in.).  When,  during  the  war,  the  demand 
for  fuel  oils  and  producer  tar  from  lignite  increased,  attempts 
were  made  to  work  with  higher  vacua,  while  at  the  same  time 
the  capacity  of  the  still  was  enlarged.  Of  the  various  processes 
introduced,  only  those  of  the  Deutsche  Erdo!  A.G.,  of  Rositz, 
seem  to  have  survived,  the  plants  being  supplied  by  the  Brunn- 
Konigsfeld  engineering  works,  which  specialize  in  this  field.  In 
one  of  these  plants,  described  by  Dr.  E.  Graefe,  in  Brciinstoff- 
Chemic.  of  June  I,  the  pressure  reduction  is  carried  to  68  cm. 
(27  in.),  and  there  are  eight  boilers  or  continuous  stills,  each 
of  40  cu.  m  (1,400  cu.  ft.)  capacity.  The  stills  resemble  hori- 
zontal Cornish  boilers.  They  are  arranged  in  series  and  slightly 
in  cascade,  so  that  the  liquid  flows  from  one  still  into  the  other. 
The  vapors  from  each  boiler  pass  into  a  dephlegmator,  which  is 
placed  inside  the  preheaters  of  the  respective  boiler,  so  that  dis- 
tillation begins  in  the  dephlegmator,  which  is  coupled  to  its  own 
condenser;  16  separate  fractions  of  the  distillate  may  be  drawn 
from  the  stills  and  condensers.  The  still  temperatures  range 
from  200  deg.  C.  to  320  deg.  C.  The  final  distillation  to  coking 
takes  place  in  special  cast  iron  stills.  One  of  the  advantages 
claimed  for  the  process  is  that  good  lubricating  oils  and  paraf- 
fins are  obtained. 


of  the  gas.  and  of  the  thermal  and  volume  yields  per  ton  of  coal. 
Improvement  is  found  in  every  direction. 

Very  considerable  increase  in  the  rate  of  carbonization  may 
be  obtained  by  selection  of  those  coals  which  give  up  their  gas 
above  a  minimum  rate.  Except  in  the  case  of  oxidized  coals, 
the  calorific  value  of  the  gas,  and  consequently  the  thermal 
yields,  are  higher  for  an  increased  rate. 

When  an  increase  in  the  rate  of  carbonization  is  caused  by 
an  increase  in  carbonizing  temperature,  the  results  are  compli- 
cated by  the  fact  that  the  portion  of  the  gas  evolved  on  the  out- 
side of  the  plastic  layer  is  subjected  to  an  increased  degrada- 
tion. This  opposes  the  tendency  of  the  higher  rate  to  give  gas 
of  superior  calorific  value.  Up  to  the  end  of  a  certain  time, 
the  calorific  value  of  the  higher  temperature  gas  is  smaller  than 
that  of  the  lower,  but.  volume  for  volume,  there  is  a  slight  bal- 
ance in  favor  of  the  high  temperature  gas.  After  a  certain 
period,  when  the  coal  at  high  temperature  is  nearly  carbonized, 
the  calorific  value  falls  oft'  rapidly,  while  the  coal  at  low  tem- 
perature is  still  producing  gas  of  moderate  quality. 

.'\n  increase  in  volume  and  thermal  yields  per  ton  follows  an 
increase  in  rate,  due  to  a  higher  carbonizing  temperature,  which 
it  is  impossible  to  obtain  at  lower  temperature. 

Volume  for  volume,  the  calorific  value  of  the  higher  tem- 
perature gas  falls  ofif  at  a  slightly  greater  rate  than  the  lower 
temperature  gas,  but  a  greater  volume  of  gas  is  evolved  from 
the   former,   which   quickly   makes   up   for  the   deficiency. 


INCREASING  THE  RATE  OF  CARBONIZATION 

According  to  a  paper  read  before  the  Institution  of  Gas  En- 
gineers, it  would  appear  that  an  increase  in  the  rate  of  carbon- 
ization, caused  by  alteration  in  the  chemical  and  physical  con- 
ditions,   is   accompanied   by   improvement    in    the   calorific    value 


METALLURGICAL  COKE 

The  problem  of  utilizing  the  heaps  of  such  low-  grade  coal 
that  in  itself  has  no  marketable  value  has  occupied  many  minds 
for  many  years,  but  a  distinct  step  forward  appears  now  to  have 
been  made.  The  flotation  process  of  dealing  with  low  grade 
ores  is  common  in  the  ore  fields,  for  instance,  of  South  Africa 
and  Australia,  and  it  is  the  application  of  this  process  to  what 
ordinarily  may  be  termed  rubbish  heaps  at  the  coal  pits  in  this 
country  which  has  demonstrated  the  possibility  of  getting  the 
full  value  out  of  these  heaps.  The  most  important  develop- 
ment, perhaps,  is  that  the  Powell  Duffryn  Steam  Coal  Com- 
pany has  entered  into  an  agreement  with  Minerals  Separation. 
Ltd.,  the  company  owning  the  patents,  for  the  treatment  of  their 
low  grade  material,  both  for  briquetting  and  for  the  manufac- 
ture of  metallurgical  coke.  By  the  grinding  of  this  material 
to  practically  a  powder,  and  its  treatment  in  a  simple  washing 
process  with  a  chemical  reagent,  it  has  been  found  possible  easily 
to  remove  all  the  superfluous  matter,  leaving  a  residue  of  prac- 
tically pure  coal,  and.  of  course,  moisture.  Subsequent  proc- 
esses enable  this  moisture  to  be  reduced  to  3  or  4  per  cent,  and 
we  have  a  product  consistmg,  to  all  intents  and  purposes,  of  pure 
coal.  When  converted  into  metallurgical  coke  it  has  been 
proved  to  be  a  much  superior  material  to  the  ordinary  metal- 
lurgical coke,  and  the  company  owning  the  patents  is  making 
considerable  progress  in  all  parts  of  the  world.  This  opens  up 
enormous  prospects  for  colliery  owners,  and  it  may  be  that  we 
have  at  last  reached  the  stage  at  which  the  disposal  of  the  large 
heaps  of  extremely  low  grade  coal,  of  which  so  much  has  been 
heard  from  time  to  time,  will  be  possible,  with  advantage  to 
the  colliery  owners  and  also  to  the  users  of  the  resultant  prod- 
uct.— Mechanical  World. 
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The  Westingfhouse  Electric  &  Manu- 
facturing Company,  East  Pittsburgh,  Pa., 
has  just  completed  the  preparation  of  a 
64-paKe  illustrated  publication  on  min- 
ing apparatus.  In  addition  to  line  ma- 
terial, the  publication,  which  is  known  as 
•Catalogue  6-M,  contains  much  informa- 
tion about  mine  safety  switches,  Frankel 
solderless  connectors^,  tapes,  babtits. 
solders,  micarta  gears,  mine  locomotives 
and  mine  locomotive  headlights. 

Pennsylvania  Pump  &  Compressor 
Company,  Easton,  Pa.,  has  issued  a  new 
16-page  bulletin.  No.  202,  describing  the 
company's  line  of  double  suction  single 
stage  centrifugal  pumps  and  containinc 
useful   engineering  data. 

G.  P.  Wincott,  Ltd.  Sheffield,  England, 
have  issued  a  most  complete  catalogue 
descriptive  of  the  Wincott  furnaces.  This 
company  are  designers  and  builders  of 
every  type  of  metallurgical  furnace,  and 
have  constructed  furnace  equipment  for 
the  leading  steel  plants  in  Great  Britain 
and  the  Continent. 

Charles  J.  Clark  Blast  Meter  Company. 
Gladbrook,  Iowa,  have  issued  a  booklet 
describing  the  engineering  and  operat- 
ing details  of  the  Clark  blast  volume  me- 
ter, velocity  meter  and  mercury  blast 
pressure  gauge.  This  meter  is  used  to 
measure  volume  rather  than  pressure. 

The  F.  J.  Ryan  &  Company,  Philadel- 
phia, have  issued  several  bulletins  on 
electric  furnace  subjects,  under  the  tiles 
of  "Electric  Heat  and  What  It  Is"  and 
"The  Electric  Resistor."  Either  will  he 
sent  upon  request. 

The  Ohio  Electric  and  Controller  Com- 
pany have  issued  a  pamphlet  descriptive 
of  the  ball  bearing  motor  which  they  have 
introduced  to  the  trade.  This  new  line  of 
small  motors  has  been  designed  to  meet 
the  demand  for  high  grade  motors  for 
application  to  domestic  appliances,  pumps, 
machines  and  other  devices  whch  are  op- 
erated from  lighting  circuits. 

".'\  Neglected  Source  of  Economy"  is 
the  title  of  a  new  publication  issued  by 
the  Armstrong  Cork  and  Insulator  Com- 
pany, Pittsburgh,  Pa.  It  deals  with  the 
savings  that  can  be  effected  in  manufac- 
turing plants  by  the  use  of  refrigerated 
drinking  water  systems. 

Unique  and  attractive  best  describes 
the  new  folder  just  issued  by  the  Van 
Dorn  &  Dutton  Company,  gear  manufac- 
turers, Cleveland,  Ohio.  It  is  entitled 
"Bringing  the  Van  Dorn  Plant  Home  to 
You."  It  is  a  complete  description  of  the 
Van  Dorn  plant. 

Bulletin  A,  giving  a  condensed  descrip- 
tion of  the  Quigley  powdered  coal  system 
and  appliances  has  just  been  issued  by  the 


Quigley  Fuel  Systems,  Inc.,  New  York 
City.  The  layout  of  a  typical  coal  milling 
plant  is  shown  and  the  methods  of  fuel 
distribution  and  control  briefly  described. 
W.  .\.  Jones  Foundry  &  Machine  Com- 
pany, Chicago,  III.,  announce  the  new  cat- 
alogue Xo.  24,  on  Jones  gears.  This  cat- 
alogue lists  a  most  complete  line  of  cast- 
tooth  gear  patterns.  In  additon  it  con- 
tains list  prices  for  Rawhide  pinions  a? 
well  as  miscellaneous  information  useful 
when  laying  out  gear  drives  or  for  esti- 
mating purposes. 
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F.  J.  Ryan  &  Company,  industrial  heat- 
ing equipment  manufacturers,  Vi'esley 
Building,  Phladelphia,  announce  the  clos- 
ing of  contracts  tor  cf|ui])ments  to  be  in- 
stalled for  the  following  concerns:  Beth- 
lehem Steel  Corporation,  American  Fork 
&  Hoe  Company,  J.  G.  Brill  Company. 
.\merican  Steel  &  Wire  Company.  Webb 
Wire  Works. 

Monroe  L.  Patzig,  206  Eleventh  Street. 
Des  Moines,  Iowa,  has  been  appointed 
representative  of  the  Conveyors  Corpora- 
tion of  America,  326  West  Madison  Street. 
Chicago,  for  the  sale  of  their  American 
trolley  carrier.  Mr.  Patzig's  territory  lies 
in  Central  Iowa. 

Scheid  Engineering  Corporation,  90 
West  Street,  New  York  City,  has  been  ap- 
pointed metropolitan  and  export  repre- 
sentative for  the  Franklin  Moore  Com- 
pany, Winsted,  Conn.,  manufacturers  of 
material  handling  machinery  for  indus- 
trial plants. 

The  Cambria  Steel  Company  have 
placed  with  Arthur  G.  McKee  &  Com- 
pany, Cleveland,  a  contract  for  the  design 
and  furnishing  of  materials  for  their  No. 
4  furnace  top  at  Johnstown,  Pa.  The  new 
layout  will  include  a  McKee  revolving 
distributor  and  auxiliary  furnace  top 
equipment. 

The  Syracuse  Lighting  Company,  Syra- 
cu.se,  N.  Y.,  proposes  to  install  three  5000- 
kva.  transformers  at  its  Solvay  Station 
and  one  5000-kw.  frequency  changer  at  its 
Fulton  Street  Station.  The  contract  for 
both  these  installations  has  been  awarded 
the  U.  G.  I.  Contracting  Company. 

The  Conveyors  Corporation  of  Amer- 
ica, 326  West  Madison  Street,  Chicago. 
has  appointed  the  Mid-West  Engineering 
Sales  Company,  Masonic  Temple,  Cedar 
Rapids,  Iowa,  representatives  in  Eastern 
Iowa  for  the  sale  of  American  trolley  car- 
riers, which  is  coal  handling  equipment 
of  the  monorail  type. 

Des  Moines,  Ind.,  Gas  Company  will 
shortly  erect  a  2,500,000  cu.  ft.  capacity 
storage  holder.  The  contract  for  install- 
ing the  foundations  and  supervising  the 
erection  of  the  holder  has  been  awarded 


to  the  U.  G.  I.  Contracting  Company  of 
Philadelphia. 

Arthur  G.  McKee  &  Company,  Cleve- 
land, have  been  awarded  a  contract  by 
the  Rochester  &  Pittsburgh  Coal  &  Iron 
Company  for  designing  and  installing  a 
new  trestle  and  storage  bins  at  the  plant 
of  the  .Xdrian  Furnace  Company,  DuBois. 
Pa.  The  improvements  to  be  made  include 
a  steel  and  reinforced  concrete  trestle 
structure  approximately  480  ft.  long,  six 
ore  bins,  coke  bin  and  coke  breeze  han- 
dling equipment.  The  coke  bin  will  be 
centrally  located,  discharging  direct  over 
cascade  type  screens  into  the  skip  cars,  and 
will  provide  storage  for  approximately  135 
tons  of  coke.  Two  80-cu.  ft.  capacity  scale 
cars  will  be  furnished  for  handling  mate- 
rials  from   the   ore  and   limestone   bins. 

A  new  electro-graphitic  brush,  known  as 
"259,"  has  been  placed  on  the  market  by 
the  National  Carbon  Company.  Inc.  Ex- 
haustive tests  on  a  large  variety  of  d.c. 
motors  and  generators,  and  on  the  d.c.  side 
of  rotary  converters,  have  demonstrated 
that  it  is  adapted  to  a  very  wide  range  of 
voltages,  current  densities  and  speeds  on 
undercut  commutators. 

Changes    affecting    the    personnel    of    the 
.Atlanta,   Denver.    Seattle,   New   York,   San 
Francisco    and    New    Orleans    offices    have 
been  announced  by  oflicials  of  the  Westing- 
house  Electric  &  Manufacturing  Company. 
In  the  Atlanta  office,  R.  H.  Moore  has  been 
appointed  office  manager  and  Thomas  Ful- 
ler has  been  made  manager  of  the  Central 
Station    division    and    has    been    placed    in 
charge  of  the  sale  of  supply  apparatus.     E. 
C.   Means  has  been   appointed  manager   of 
the  Central  Station  and  Transportation  di- 
visions    of     the     Denver     office    and   J.    P. 
Sprunt,  Jr.,  has  been  made  manager  of  the 
Merchandising     division,     which     was     re- 
cently   organized    there.      Mr.    Sprunt    will 
also  have  general  charge  of  the  sale  of  sup- 
ply apparatus  in   the   Denver  territory.     J. 
G.    Miles   has   been    appointed   manager   of 
the   Central   Station   division  and  has  been 
placed    in    general    charge    of    the    sale    of 
supply   apparatus     in     the     Seattle   district. 
.\.  W.   Eshelby  has  been  appointed  mana- 
ger of  the  Transportation  division  and  A. 
.^.  Miller  has  been  made  special  representa- 
tive in  large  negotiations  and  power  develop- 
ments in  the  Seattle  office.     C.  V.  Holmes 
has   been   appointed    district     auditor    with 
headquarters    in    the    New    York   sales   of- 
fice.     Edward    C.    McCarty   has   been    ap- 
pointed  treasury  and   accounting   represen- 
tative of  the  San  Francisco  office,  succeed- 
ing A.  L.  Austin,  resigned.    O.  P.  McCord 
has  been  appointed  branch  manager  of  the 
New  Orleans  office. 

Contracts  for  the  construction  of  fur- 
naces for  the  new  seamless  tube  plant 
of  the  Weldless  Tube  Co.,  Wooster,  O., 
have  been  placed  with  Buell,  Scheib  & 
Mueller,  Inc..  Columbia  Bank  building, 
Pittsburgh. 
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Bases  of  Modern  Blast  Furnace  Practice 

Outline  of  Bases  Upon  Which  Modern  Blast  Furnace  Practice  Has 
Been  Built  Up — Shows  How  Adoption  of  These  Methods  Lead  to 
a  Desirable  Improvement  Both  Regarding  Economy  and  Output. 

By  A.  K.  REESE 


BEFORE  discussing  these  prime  factors  in  detail,  it 
might  be  as  well  to  consider  the  objects  which  mod- 
ern blast  furnace  practice  seeks  to  obtain.  That 
practice  is  distinctly  the  result  of  evolutionary  progress, 
the  modern  phase  dating  from  1894,  when  James  Gay- 
ley  introduced  the  low-  bosh  at  Braddock.  Pa. — up  to 
the  present,  the  era  of  the  large  hearth  diameter  and 
steep  bosh  angle. 

There  are  three  principal  objects  in  all  blast  furnace 
practice  ranking  in  importance  in  the  following  order — 
quality,  economy  and  quantity.  The  first  is  essential. 
The  second  is  commercially  of  great  importance.  The 
third  is  highly  desirable,  particularly  in  its  bearing  upon 
the  second.  No.  1  mav  be  obtained  independently  of  the 
other  two.  No.  2  may  be  obtained,  to  a  degree,  inde- 
pendently of  No.  3.  No.  3  is,  to  a  degree,  subject  to 
Nos.  1  and  2.  In  all  blast  furnaces  one  of  these  objects 
has  been  the  limiting  factor  in  the  attainment  of  the 
others. 

The  object  sought  through  the  application  of  so-called 
modern  practice  may  be  described  thus : 

Consistent  with  quality  to  produce  the  greatest 
possible  economical  quantity,  and  as  any  material  in- 
crease in  quantity  has  a  direct  and  favorable  bearing 
upon  economy  this  description  of  the  object  of  mod- 
ern blast  furnace  practice  may  be  condensed  to — fhc 
attainment  of  the  greatest  possible  quantity  consistent 
■     'with  quality. 

The  degree  to  which  this  object  has  been  attained  in 
certain  localities,  in  comparatively  recent  years,  resulting 
in  normal  economical  outputs  of  from  400  tons  to  600 
tons  per  24  hours,  is  well  known,  and  demonstrates  the 
great  commercial  advantage  to  be  obtained  bv  the  adop- 
tion of  the  principles  and  methods  by  which  it  has  been 
attained,  in  those  other  localities  which  up  to  the  present 
have  not  yet  fully  adopted  them. 

There  may  be,  and  doubtless  are,  some  makers  who 
are  still  of  opinion  that  with  their  particular  materials  the 
principles  and  methods  of  so-called  modern  blast  furnace 
practice  are  not  applicable.  It  is  with  the  hope  of  con- 
vincing them,  and  of  strengthening  the  growing  belief 
of  others,  that  the  author  has  undertaken  this  paper,  for 
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it  is  his  firm  conviction  that  those  principles  and  methods 
are  adaptable  to  any  iron  bearing  materials  which  are 
workable  in  a  blast  furnace,  subject  of  course,  to  suit- 
able fuel  and  flux  being  obtainable  within  even  a  wide 
degree  of  quality,  and  subject,  likewise,  to  a  minimum 
degree  of  variation  in  that  quality  for  any  individual 
operation.  He  feels  convinced  that  their  adoption  will 
lead  to  so  great  an  advantage  as  to  constitute  almost  a 
revolution  in  the  pig  iron  industry  in  those  localities 
where  they  have  not  hitherto  been  applied. 

The  four  prime  factors  above  referred  to  are : 

1.  Preparation  of  Materials. 

2.  Furnace  Design. 

3.  Auxiliary  Equipment. 

4.  Method  of  Operation. 

Preparation  of  Materials. 

That  the  mechanical  and  physical  conditions  of  the 
materials  charged  into  a  blast  furnace  have  a  most  im- 
portant bearing  upon  its  successful  and  satisfactory 
operation,  affecting  both  its  operative  conditions  and  the 
economy  of  the  results  obtained  therefrom,  is  a  fact 
which  no  blast  furnace  operator  is  likely  to  dispute,  but 
while  it  is  true  of  any  blast  furnace  it  is  particularly  true 
in  its  bearing  upon  the  operation  of  the  modern  blast 
furnace.  One  of  the  essential  conditions  of  satisfactory 
operation  is  that  there  shall  be  as  nearly  as  possible  uni- 
formity of  chemical  reactions,  and  of  physical  move- 
ment of  the  materials  throughout  the  whole  cross-section 
in  every  zone  of  the  furnace.  Two  elements  are  required 
to  obtain  this  in  theoretic  perfection,  namely,  perfect  uni- 
formity in  the  size  and  density  of  the  materials  charged, 
and  a  sufficient  blast  volume  to  produce  the  condition  of 
a  plenum  throughout  the  whole  furnace  interior  While 
it  is,  of  course, "impracticable  to  obtain  for  blast  furnace 
use  materials  of  perfectly  uniform  size  and  density  in 
each  of  the  three  classes  of  materials  used  in  pig  iron 
smelting — fuel,  flux  and  ore — it  is  practicable  to  approxi- 
mate to  a  degree  to  that  condition  by  the  use  of  proper 
means  for  their  preparation. 

It  is  obvious  that  the  feature  which  most  directly 
bears  upon  the  essential  condition  above  mentioned  is 
that  of  distribution,  and  in  order  to  obtain  as  nearly  as 
practicable   uniformity   of    distribution   such   preparation 
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as  will  give  as  nearly  as  j)racticablc  uniformity  of  size 
must  be  resorted  to.  I""or  reasons  which  will  be  referred 
to  later,  uniformity  of  size  only  is  not,  however,  suf- 
ficient; for  example,  uniformly  large  size,  while  giving 
uniformity  of  distribution,  would  be  detrimental  to  eco- 
nomical operation.  The  preparation  of  materials  must  be 
in  the  direction  of  uniformly  small  size. 

Fuel  (Coke). — While  this  principle  is  much  more 
important  in  its  application  to  the  ore  and  flux  than  to 
the  fuel,  it  also  applies,  to  a  degree,  to  the  latter.  As 
rapidity  of  action  is  largely  dependent  upon  rapidity  of 
combustion  of  the  fuel,  it  is  desirable  that  the  fuel  should 
not  be  charged  in  lumps  of  excessive  size,  and  preferably 
should  not  exceed  4  inches  to  6  inches.  This  is,  of 
course,  assuming  that  the  coke  is  of  proper  physical  con- 
dition. It  may  be  said  here  that  the  physical  quality  and 
chemical  purity  of  coke  for  blast  furnace  use  are  of  the 
greatest  importance.  It  should  be  strong,  but  of  not 
great  density,  and  as  low  as  possible  in  ash  and  sulphur. 
There  is  nothing  which  more  greatly  interferes  with  the 
regular  and  economical  operation  of  a  blast  furnace  than 
soft,  friable,  or  high  ash  coke,  as  everyone  connected 
with  the  industry  has  experienced  during  late  years  under 
the  conditions  existing  during,  and  for  some  time  after, 
the  late  war.  The  disadvantage  of  high  sulphur  in  the 
coke  need  not  be  emphasized. 

The  coke  as  charged  into  the  furnace  should  be  thor- 
oughly screened  to  free  it  from  smalls,  commonlv  known 
as  breeze,  and  should  be  of  sufficient  strength  to  prevent 
the  excessive  formation  of  smalls  in  the  furnace  through 
the  crushing  elfect  of  the  burden.  The  strength  should 
not,  however,  be  of  the  kind  which  is  produced  by  great 
density  which  destroys  the  cellular  structure.  A  dense 
coke  burns  slowly  and  is,  therefore,  inimical  to  rapid 
combustion,  which  is  necessary  for  fast  driving,  whereas 
cellular  structure  permits  the  heat  and  the  agents  of  com- 
bustion to  penetrate  readily  to  the  interior  of  the  lumps, 
thus  facilitating  combustion.  On  the  other  hand,  a  very 
open  cellular  structure  produced  at  the  expense  of 
strength  is  equally  to  be  avoided  as  tending  to  produce 
smalls  through  its  lack  of  resistance  to  crushing  by  the 
weight  it  has  to  bear,  and  abrasion  by  its  movement  in 
the  furnace.  Such  a  fuel  is  also  subject  to  excessive 
waste  in  the  upper  regions  of  the  furnace  before  it 
reaches  the  zone  of  its  usefulness,  owing  to  the  greatly 
increased  reaction  upon  it  of  the  CO.  in  the  gases — CO„ 
+  C  =  2CO.  Tt  is,  therefore,  of  the  greatest  importance 
in  modern  blast  furnace  practice  that  coke  makers  should 
give  the  greatest  possible  attention  to  the  production  of 
a  coke  combining  these  two  essential  features — strength 
and  porosity.  There  are  a  number  of  factors  entering 
into  this  problem  of  blast  furnace  coke  making,  by  the 
careful  study  of  which  the  makers  may  arrive  at  the 
production  of  coke  having  the  desired  physical  properties 
described  above.  Some  of  these  are  the  coal  mixture, 
the  mechanical  condition  of  the  coal  as  charged  and  its 
compactness  in  the  oven,  the  oven  temperature,  the  rate 
of  carbonization,  and  uniformity  of  coking  action 
throughout  the  coking  chamber.  It  would  seem  hardlv 
necessary  to  mention  the  great  importance  of  chemical 
purit\-  in  the  coke,  as  naturally  the  higher  its  carbon  con- 
tent the  greater  its  efficiency.  It  is  surprising,  however, 
how  much  coke  is  produced  with  high  ash  and  sulphur 
content  for  blast  furnace  use;  in  many  cases,  undoubt- 
edly, the  result  of  insufficient  or  inefificient  washing  of 
the  coal,  or  insufficient  attention  to  the  selection  of  the 
coal  for  the  production  of  blast  furnace  coke.  Care  in 
selection  and  ei'ficient  washing  of  coal  for  coke  produc- 
tion  are.   therefore,   of   very   great    importance    in   their 


bearing  u])on  economical  blast  furnace  operations,  and 
every  possible  effort  should  be  made  by  blast  furnace 
owners  to  induce  coke  makers  to  meet  their  requirctnents 
as  to  mechanical,  physical  and  chemical  quality.  It  is  the 
carbon  which  does  the  work  in  the  furnace,  and  every 
decrease  in  the  percentage  of  ash  increases  the  avail- 
able carbon  and  tends  in  other  ways  towards  a  highci 
degree  of  efficiency.  In  addition  to  the  higher  fuel  value 
of  low  ash  coke,  it  is  lighter  in  weight,  requires  less  lime- 
stone for  fluxing  the  ash,  and  a  lower  amount  of  the  fuel 
charged  is  required  for  forming  and  melting  the  slag 
produced  from  the  coke  ash.  It  is  estimated  that  the 
formation  and  melting  of  blast  furnace  slag  requires 
approximately  25  per  cent  of  its  weight  in  fuel,  there- 
fore, for  every  cwt.  of  slag  produced  from  coke  ash  % 
cwt.  of  fuel  is  lost  so  far  as  the  smelting  of  iron  ore — 
the  primary  object  of  the  blast  furnace  process — is 
concerned. 

Iron  Ore. — From  the  standpoint  of  preparation,  the 
iron  ore  is  the  most  important  of  all  the  materials 
charged  into  the  blast  furnace,  owing  to  the  extremes  in 
mechanical  condition,  from  fines  to  large  lumps,  in  which 
most  iron  ores  are  received  from  the  mines,  and  the 
great  variety  of  physical  characteristics  in  different  ores. 
The  operation  of  the  blast  furnace  is  much  inore  usually 
affected,  for  good  or  ill,  by  the  mechanical  condition  of 
the  iron  ore  than  that  of  either  fuel  or  flux.  It  is,  there- 
fore, of  prime  importance  that  this  condition  should  re- 
ceive very  careful  attention  and  whatever  steps  are  neces- 
sary should  be  taken,  in  the  way  of  preparation,  to  con- 
vert it  to  that  condition — or  as  near  to  it  as  is  practicable 
— as  will  insure  the  most  beneficial  eft'ect  upon  furnace 
operation. 

There  are  two  principal  features  directly  affected  by 
the  condition  of  the  iron  ore,  both  bearing  upon  the  rate 
of  production  and  upon  economy.  These  are  reducibility 
and  distribution.  The  degree  of  reducibility  of  an  iron 
ore  depends  primarily  upon  its  density,  a  characteristic 
which  in  itself  is  not  readilv  altered,  except  with  dense 
ores  containing  high  percentages  of  protoxide  of  iron 
(magnetite),  the  reducibility  of  which  may  be  increased 
by  subjecting  them  to  a  roasting  process  in  an  o.xidizing 
atmosphere,  thus  converting  the  protoxide  to  peroxide  of 
iron. 

Rough  Ores. — The  rate  of  reduction  in  the  furnace 
may,  however,  be  materially  increased  for  any  particu- 
lar ore  containing  lumps,  whatever  its  degree  of  densitv. 
by  increasing  the  surface  area  exposed  to  the  action  of 
the  reducing  agents.  The  obvious  method  of  attaining 
this  increase  in  surface  area  is  by  breaking  the  lumps 
into  a  number  of  smaller  pieces.  The  extent  to  which 
this  operation  may  be  carried  is,  of  course,  hniited  by 
the  cost  of  breaking  the  ore  (a.  commercial  considera- 
tion), and  the  tendency  of  any  particular  ore  to  produce 
an  excessive  proportion  of  fines  in  the  breaking.  The 
latter  tendency,  however,  really  does  not  exist  to  anv 
considerable  e.xtcnl  in  ores  whose  condition  allows  of 
their  being  broken  at  all,  for  whatever  smaOs  may  be 
produced  in  the  breaking  are  usually  of  sufficient  size 
not  to  be  classed  as  fines  and  may,  therefore,  be  safelv 
charged  into  the  furnace  with  the  larger  products  of  the 
breaking  operation. 

The  increase  in  the  rate  of  reduction  obtained  by  thus 
increasing  the  surface  area  exposed  to  the  agents  of  re- 
duction in  the  furnace  has,  in  addition  to  the  higher 
possible  rate  of  production,  a  very  important  effect  upon 
economy  of  production.  There  are  two  principal  reduc- 
ing agents  in  the  blast   furnace  process,  carbonic  oxide 
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and  solid  carbon,  and  it  is  generally  accepted  that  reduc- 
tion of  iron  oxide  by  carbonic  oxide,  in  the  upper  zones, 
is  a  much  more  economical  reaction  than  the  reduction 
of  iron  oxide  by  solid  carbon  in  the  lower  zones.  It  is. 
therefore,  higlily  desirable  that  the  whole  or  the  greatest 
possible  portion  of  the  iron  oxide  should  be  reduced  b\' 
carbonic  oxide  gas,  and  that  this  reduction  should  be 
completed  before  any  lumps  of  iron  oxide  have  reached 
the  zone  where  conditions  permit,  in  excess,  the  uneco- 
nomical reaction  between  them  and  solid  carbon.  It  is 
obvious  that  the  surest  way  of  attaining  this  is  to  so 
increase  the  possible  rate  of  reduction  of  the  ore  by  in- 
creasing its  surface  area,  as  described  above,  that  the 
maximum  reduction  may  be  effected  by  the  carbonic 
oxide  gas  in  the  upper  zones  of  the  furnace.  If  this  pre- 
caution of  increasing  the  surface  area  by  breaking  the 
lumps  of  ore  before  charging  into  the  furnace  is 
neglected,  the  larger  unbroken  lumps  will  escape  thorough 
reduction  by  carbonic  oxide  gas  with  consequent  waste 
of  fuel,  particularly  if  any  attempt  be  made  to  increase 
materially  the  rate  of  production  by  rapid  driving.  To 
obtain  a  high  rate  of  production,  with  economy  and 
quality,  it  is  therefore  necessary  to  prepare  the  ores  in 
the  manner  described. 

The  degree  to  which  it  is  commercially  practicable  to 
crush  an  ore  depends  upon  its  density.  Experience  has 
indicated  that  all  ores  should  be  crushed  to  sizes  not 
exceeding  such  as  will  pass  through  a  .3-in.  or  4-in.  ring, 
although  ores  of  great  density  may  be  advantageously 
crushed  to  even  smaller  sizes.  The  standard  of  3  or  4 
in.,  which  seems  rather  small  for  ores  of  a  high  de- 
gree of  reducibility — the  so-called  "soft"  ores — is  not  de- 
ternu'ned  wholly  from  the  standpoint  of  degree  of  reduci- 
bility, l)Ut  also  by  its  bearing  upon  distribution. 

The  (juestion  of  the  distribution  of  ore  in  a  blast  fur- 
nace is  of  the  highest  importance  in  its  bearing  upon 
regularity  of  operation,  this  in  turn  affecting  most  vitallv 
the  economy.  (|ualitv  and  output. 

This  question  has  been  referred  to  above  in  a  gen- 
eral way  in  connection  with  uniformity  of  action  in  the 
furnace,  but  important  as  that  is  as  regards  all  the  mate- 
rials, solid  and  gaseous,  entering  into  the  blast  furnace 
operation,  the  distribution  of  the  ore  is  the  most  im- 
portant consideration  in  regard  to  the  solid  materials. 

In  the  consideration  of  this  question  it  is  necessar\ 
to  keep  in  mind  the  great  essential — equality  of  action 
throughout  the  idiolc  of  every  cross  section  of  the  fur- 
nace interior.  Except  for  the  fact  that  the  operations 
are  taking  place  in  a  vertical  shaft  of  circular  cross  sec- 
tion, this  result  would  r)e  obtained,  theoretically,  onl\- 
with  materials  of  exact  uniformity  in  size  and  density. 
but  the  fact  just  mentioned  introduces  a  feature  which 
interferes  with  this  theoretical  requirement.  It  is  a  well 
known  fact  that  the  gases  have  a  natural  tendency  to 
ascend  next  to  the  walls  and  would  do  so  to  the  neglect 
of  the  interior  if  the  furnace  were  filled  with  materials 
of  exact  uniformity  in  size  and  density.  It  is  necessary, 
therefore,  in  order  to  secure  approximate  equality  of 
action,  to  have  a  somewhat  greater  resistance  to  the 
passage  of  the  gases  in  the  materials  nearest  the  walls 
than  in  the  interior.  It  is  to  this  condition  that  the  or- 
dinary bell  and  hopper  charging  apparatus  owes  its  satis- 
factory use,  discharging  the  materials  as  it  does  in  such 
a  way  that  a  greater  proportion  of  the  smaller  particles 
remains  next  to  the  walls,  thus  providing  the  somewhat 
greater  resistance  to  the  ascending  gases  required  there. 
In  order  that  this  distribution  by  bell  and  hopper  charg- 
ing may  give  the  desired  result  the  relation  of  the  diame- 


ter of  the  bell  to  the  diameter  of  the  furnace  throat  at 
the  stock  line  is  of  material  importance,  as  likewise  that 
the  falling  materials  shall  first  strike  the  materials  in  the 
furnace,  when  nearly  full,  at  about  18  in.  from  the  walls. 
The  former  relation  is  usually  a  bell  diameter  4  to  5  ft. 
less  than  the  throat  diameter  at  the  stock  line.  The  bell 
angle  is  usually  40  deg.  to  45  deg.,  and  in  some  cases 
50  deg. 

This  method  of  charging  results  in  the  surface  of  the 
material  in  the  furnace  assuming  the  shape  of  an  inverted 
cone  with  its  base  about  18  in.  from  the  walls,  from 
which  point  they  slope  away  shghtly  to  the  surface  of 
the  walls.  1  he  smallest  particles  lie  on  the  base  of  the 
cone,  and  between  it  and  the  walls,  together  with  a  por- 
tion of  the  smaller  lumps  and  rubble.  The  inner  slope 
from  the  base  to  the  apex  of  the  cone  consists  of  pieces 
of  gradually  increasing  size  with  practically  only  the 
largest  lumps  at  and  near  the  apex.  This  description 
does  not.  of  course,  apply  to  an  ore  mixture  consisting 
of  all  fines,  or  of  lumps  of  uniform  size,  conditions  which 
very  seldom  exist  in  blast  furnace  practice,  but  it  does 
apply  to  the  usual  run  of  ores  which  consist  of  a  mix- 
ture of  fines,  rubble,  and  lumps. 

It  is  obvious  that  tlie  greater  the  difference  between 
the  largest  and  the  smallest  pieces,  or,  in  other  words, 
the  larger  the  lumps  the  greater  the  sorting  action  above 
described,  and  conversely,  the  smaller  the  maximum  size 
of  the  lumps  the  less  the  degree  of  segregation  It  is, 
therefore,  further  obvious  that  to  avoid  excessive  .segrega- 
tion, the  preparation  of  the  ore  by  crushing  the  lumps  to 
smaller,  sa}'  rubble,  size  is  necessary.  The  crushing  of 
the  lumps  prevents  excessive  segregation  in  two  ways, 
first,  being  smaller,  they  have  less  tendency  to  roll  down 
the  sides  of  the  inverted  cone  to  the  apex  and,  secondly, 
the  broken  pieces  have  usually  sharp  and  jagged  edges, 
and  have,  therefore,  a  greater  tendency  to  lodge  nearer 
where  they  fall,  and  the  movement  of  the  materials  to  the 
center  is  more  likely  to  be  en  masse,  carrying  a  certain 
amount  of. smalls  with  it.  It  is  thus  that  preparation  bv 
crushing  materially  improves  distribution  bv  preventing 
excessive  segregation,  which  is  a  condition  directly  inimi- 
cal to  the  application  of  modern  blast  furnace  practice. 

In  the  distribution  existing  when  the  usual  run  of 
ores  and  limestone  are  charged  "as  received,"  there  is, 
as  described  above,  a  core,  or  column  in  the  center  of  the 
furnace  consisting  almost  entirely  of  the  largest  lumps, 
the  area  of  the  cross  section  of  this  core  varying  between 
the  size  and  proportion  of  lumps  to  rubble  and  fines. 
Between  this  core  and  the  walls  there  is  an  annual  ring 
consisting  of  a  mixture  of  rubble  and  smalls,  in  which 
the  proportion  of  rubble  to  smalls  gradually  decreases 
until,  next  to  the  walls,  there  are  practically  only  smails 
and  fines.  .As  previously  pointed  out,  an  essential  to 
regular  and  economical  descent  of  the  materials  is  per- 
fect uniformity  of  action  of  the  ascending  gases  upon 
the  whole  of  every  cross  section  of  the  material  in  the 
furnace,  and  while  this  is  an  ideal  condition  which  may 
be  impossible  of  full  attainment  in  actual  practice,  the 
nearest  possible  approach  to  it  is  of  the  greatest  im- 
portance. There  can  be  very  little  approach  to  such  a 
condition  if  the  ascending  gases  are  forced,  under  pres- 
sure, through  a  mass  of  materials  distributed  as  iust 
described.  Very  little,  if  any,  of  the  gases  will  find  con- 
tact with  the  closely  packed  fine  materials  close  to  the 
walls,  and  the  greater  proportion  will  pass  up  through 
the  more  open  structure  in  the  center,  the  core  of  large 
lumps,  and  a  proportion  only  through  the  annua!  ring 
of  rubble  and  smalls.  The  result  of  this  unequal  distri- 
bution of  the  ascending  gases  is  the  faster  descent  of  the 
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largest  lumps  in  the  center,  and  a  gradually  slower  descent 
of  the  outlying  materials.  Such  a  descending  movement 
of  the  materials  of  the  various  sizes  is  exactly  contrary 
to  what  is  most  desirable.  Those  which  descend  most 
rapidly,  owing  to  their  slower  rate  of  reducibility  should 
descend  most  slowly,  and  those  which  descend  most 
slovvly,  owing  to  their  high  rate  of  reducibility  .should 
descend  most  rapidly.  Maximum  economy  and  output 
arc  impossible  under  such  conditions,  for,  apart  from 
the  question  of  irregularity  of  movement  which  almost 
always  results  from  them  (see  below),  it  is  necessary  to 
provide  an  excess  of  fuel  to  insure  the  complete  reduc- 
tion of  the  more  rapidly  descending  lumps  before  they 
enter  the  melting  zone  (see  above,  under  Reducibility), 
and  the  rate  of  driving  is  limited  by  their  slower  rate  of 
reducibility.  Any  attempt  at  really  fast  driving  under 
these  conditions  so  reduces  the  ratio  of  ore  to  fuel  which 
can  be  carried  that  not  only  is  the  output  not  increased, 
but  the  fuel  consumption  is  very  greatly  increased,  with 
the  added  danger  of  the  production  of  low  grade  iron 
through  unreduced  ore  entering  the  furnace  hearth  from 
over  driving,  or  irregular  descent  of  the  materials. 

Under  the  conditions  existing  in  a  furnace  charged  in 
the  manner  under  consideration,  there  is  always  a  strong 
tendency  towards  irregularity  of  movement,  or  none  at 
all,  in  the  material  nearest  the  walls,  with  a  gradual 
building  up  on  the  walls.  This  building  up  continues 
until  portions  either  become  permanently  stationary, 
forming  scalTolds,  or  masses  break  away  and  are  precipi- 
tated towards  the  center  and  into  the  actively  descending 
materials  and  rapidlv  ascending  gases,  constituting  the 
well  known  slip.  This  procedure  is  more  or  less  fre- 
quent and  more  or  less  severe,  from  the  small  slip,  caus- 
ing temporary  production  of  off  grade  iron,  to  the  heavy 
slip  or  explosion,  which  either  blows  off  the  furnace  top, 
or  fills  the  tuyeres  with  slag,  chills  the  hearth,  "gobbs 
up"  the  furnace  and  puts  it  out  of  commission  for  days, 
an  evil  too  well  known  among  those  who  may  be  inter- 
ested in  this  paper  to  require  any  emphasis ;  but  to  what- 
ever degree  it  occurs  it  very  seriously  interferes  with  the 
regularity  which  is  essential  to  the  best  results.  The 
disadvantages  from  the  accumulated  effects  of  these 
conditions  are  only  avoided,  and  even  then  not  always 
satisfactorily,  b}'  periodical  partial  clearance  of  the  fur- 
nace walls  by  the  use,  temporarily,  of  considerablv  re- 
duced burdens,  or,  which  is  the  same  thing,  by  charging 
extra  fuel,  at  the  expense  of  both  economy  and  output. 
These  evils  can  only  be  avoided  by  the  proper  preparation 
of  lump  ores  by  crushing. 

Fines  Ores. — The  disturbing  effects  upon  blast  fur- 
nace operations  of  the  use  of  any  considerable  proportion 
of  very  fine  ores — exaggerating  the  conditions  described 
under  Distribution — are  too  well  known  to  require  spe- 
cial emphasis.  Although  in  modern  practice  furnace  de- 
sign and  method  of  operation  have  considerably  reduced 
these  effects,  such  ores  are  still  sufficiently  objectionable 
in  this  respect  to  make  advisable  some  treatment  to 
change  their  character  as  fines.  In  this  case  the  process 
of  preparation  is  the  reverse  of  that  for  lumpy  ores,  that 
is,  instead  of  reducing,  it  is  desirable  to  increase  their 
size,  in  order  to  remove  their  clogging  effect  in  the  fur- 
nace, and  to  prevent  their  being  carried  out  in  excessive 
quantities,  by  the  escaping  gases,  into  the  gas  flues. 

Various  processes  have  been  introduced  for  this  pur- 
pose, such  as  briquetting,  nodulizing,  and  sintering,  each 
of  which  yields  a  satisfactory  product  for  use  in  the  blast 
furnace.  Sintering  is  the  more  recent  process,  and 
has  grown  very  rapidly  in  favor,  owing  to  its  lower  pro- 
duction costs,  and  the  large  range   of   materials   which 


may  be  treated  by  it,  including  blast  furnace  flue  dust, 
the  recovery  of  which  alone  in  some  cases  warrants  the 
installation  of  the  process,  particularly  as,  in  addition  to 
the  iron  ore  recovered,  the  dust  usually  carries  such  an 
excess  of  fuel  over  what  is  required  for  its  own  treat- 
ment that  a  considerable  proportion  of  other  fine  ore, 
without  fuel,  may  be  mixed  and  sintered  with  it.  By 
these  processes,  and  particularly  sintering,  many  ores 
which,  in  their  natural  state,  are  unsuitable  for  use  in 
the  blast  furnace,  either  owing  to  their  mechanical  con- 
dition, or  high  sulphur  content,  or  both,  may  be  ren- 
dered suitable. 

The  Flux  (Limestone  or  Dolomite). — Of  the  solid 
materials,  the  flux,  being  easily  acted  upon  by  the  heat 
and  chemical  reactions,  and  usually  forming  a  small 
proportion  of  the  mixture,  is  of  less  importance  in  con- 
nection with  the  question  of  preparation  of  materials.  It 
is  of  sufficient  importance,  however,  to  receive  consid- 
eration, as  its  mechanical  condition  has  a  definite  bear- 
ing both  upon  distribution  and  rapidity  of  action  in  their 
bearing  on  economy.  Although  the  effect  is  less  in  de- 
gree, it  is  the  .same  in  principle  as  in  the  case  of  the  ore. 
and  for  similar  reasons  the  flux  should  be  broken  to  as 
nearly  as  practicable  uniform  size.  In  practice  it  has 
been  found  sufficient  to  break  it  to  sizes  not  exceeding 
4  in.  or  6  in.,  or  such  as  would  pass  through  a  4-in.  or 
6-in.  ring,  although  there  is  no  disadvantage  in  break- 
ing it  to  even  smaller  sizes.  The  author  has  had  per- 
sonal experience  with  large  blast  furnaces  using  oyster 
shells  alone  as  flux  over  a  considerable  period  with  per- 
fectly satisfactory  results,  except  that  there  was  added 
to  the  waste  gases  a  further  objectionable  feature  to  their 
usual  asphyxiating  qualities,  their  bad  odor. 

Blast. — The  only  remaining  "raw  material"  essen- 
tially used  in  blast  furnace  operation  is  the  air  which 
supplies  the  oxvgen  necessary  for  the  combustion  of  the 
fuel. 

There  is  little  to  be  said  with  regard  to  the  blast  under 
the  heading  of  Preparation  of  Materials,  that  is,  in  its 
bearing  upon  modern  blast  furnace  practice  as  distin- 
guished from  practice  which  is  not  "modern,"  except  that 
the  usual  custom  in  the  latter  is  to  take  the  air  as  we  find 
it,  although  not  always  in  all  its  purity.  Too  little  atten- 
tion is  usually  paid  to  this  point.  Natural  air  in  its  purest 
state  has  its  detrimental  constituents,  but  as  a  rule  little 
attempt  is  made  to  draw  the  supply  for  the  blowing  en- 
gines even  as  pure  as  it  occurs.  The  proximity  of  boil- 
ers and  free  exhaust  auxiliary  machinery,  and  various 
sources  of  evaporation,  too  often  charge  the  air  near 
blast  engine  houses  with  quantities  of  moisture  much  in 
excess  of  that  in  natural  air  "in  its  purest  state."  In 
modern  practice  practically  all  exhaust  steam  is  con- 
densed, and  a  large  proportion  of  the  auxiliary  machinery 
is  electrically  driven.  There  is,  therefore,  little,  if  any, 
opportunity  for  extraneous  moisture  to  enter  the  blast 
engines  with  natural  air.  This  is  a  feature  of  consider- 
able importance,  and  has  an  appreciable  bearing  upon  the 
economy  of  modern  practice. 

Although  in  view  of  its  lack  of  more  general  adop- 
tion it  has  no  direct  bearing  upon  the  subject  of  this 
paper  there  is  a  treatment  to  which  natural  air  may  be 
subjected  for  its  improvement  for  blast  furnace  pur- 
poses, w^hich  comes  logically  under  the  heading  of  Prepa- 
ration of  Materials.  As  a  strong  advocate  of  this  treat- 
ment the  author  hopes  that  a  discussion  of  it  at  this  point 
will  not  be  considered  out  of  place.  This  is  the  question 
of  dry  blast,  or,  to  be  more  exact,  the  treatment  of  nat- 
ural air  for  reducing  its  hygroscopic  moisture  to  a  uni- 
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form  and  low  content — a  treatment  first  introduced  and 

practically  demonstrated  by  James  Gayley  in  1904. 

There  has  been  a  great  deal  of  discussion,  and  even 
contention  (mainly  theoretical)  as  to  the  merits  of  this 
process.  At  the  time  of  its  introduction  a  great  stir  was 
caused  in  iron-producing  centers,  and  during  the  follow- 
ing years  a  considerable  number  of  plants  were  installed 
for  its  use  in  the  United  States  more  particularly,  and  in 
Europe.  Some  of  these  installations  are  still  used  con- 
tinuously, and  some  are  used  intermittently  in  the  United 
States,  that  is,  they  are  used  in  the  summer  months  when 
the  moisture  content  of  the  air  is  high,  and  discontinued 
in  the  winter  months  when  the  moisture  is  naturally  low. 
In  other  cases  their  use  has  been  entirely  discontinued 

There  is,  however,  practically  unanimous  agreement 
amongst  those  who  have  used  "dry  blast"  that  its  use 
does  improve  blast  furnace  results,  although  opinions  dif- 
fer as  to  the  degree  of  the  economy.  The  author  has  had 
an  opportunity  during  the  past  18  months  of  discussing 
this  matter  with  representative  American  blast  furnace, 
operators,  particularly  as  to  the  reasons  why  the  process 
has  not  been  more  generally  adopted  and  its  use  con- 
tinued more  generally  where  plants  have  been  installed. 
The  explanation  given  is  that  the  benefits  obtainable  from 
"dry  blast"  have  been  superseded  by  the  great  advance 
in  blast  furnace  results  brought  about  in  recent  years  by 
improvements  in  furnace  design,  and  the  altered  practice 
following  those  improvements.  In  other  words,  it  has 
been  possible  to  obtain,  in  other  ways,  advantages  equal 
to  those  derivable  from  "dry  blast"  under  the  older  prac- 
tice. It  may  be  a  very  bold  thing  for  the  author  to  say 
in  the  face  of  these  opinions,  but  he  believes  that  attitude 
to  be  a  mistaken  one,  and  that  if  every  advantage  which 
can  be  derived  from  "dry  blast"  is  provided  for,  further 
improved  results  are  obtainable  in  addition  to  those 
already  obtained  by  the  means  above  referred  to. 

The  author  has  had  considerable  experience  with 
"dry  blast,"  having  used  it  continuously  on  two  large  fur- 
naces during  the  past  13  years  with  such  satisfactory  re- 
sults that  he  would  have  considered  its  abandonment  a 
very  serious  step  in  the  wrong  direction.  It  is  not  his 
intention  to  enter  here  into  a  discussion  upon  the  advan- 
tages of  "dry  blast"  in  detail  or  in  general,  but  there  is 
one  very  important  feature  in  connection  with  its  use 
which  seems  to  have  been  missed  by  those  who  have 
used  and  abandoned  it,  either  partially  or  wholly,  a  feat- 
ure which,  in  all  probability,  explains  the  attitude  adopted 
towards  it  in  the  United  States  in  conjunction  with  later 
American  practice,  and  possibly  elsewhere.  This  is  the 
important  factor  of  blast  temperature.  It  is  the  author's 
experience,  and  he  believes  it  is  also  general  experience 
(although  there  may  be  isolated  cases  to  the  contrary), 
that  with  natural  air  there  is  an  upper  limit  to  the  tem- 
perature of  the  blast  which  can  be  used  with  satisfactory 
and  smooth  working  for  any  particular  furnace.  Any 
considerable  increase  beyond  this  limit  causes  "sticki- 
ness," "hanging,"  and  irregular  movement  of  the  mate- 
rials in  the  furnace.  In  his  discussions  with  American 
blast  furnacemen  he  was  told  that  this  was  the  case  even 
with  furnaces  of  the  latest  design,  and  a  particular  case 
was  cited  at  one  of  the  most  modern  plants  m  America, 
where  very  high  temperatures  of  blast  were  tried  with 
results  as  above  mentioned.  The  blast  temperatures  gen- 
rally  used  range  from  1150  deg.  F.  to  1250  deg.  F..  w'hile 
with  clean  gas  and  modern  stove  design  (and  sufficient 
stove  capacity),  temperatures  as  high  as  1500  deg.  F.  to 
1600  deg.  F.  are  obtainable. 

The  economical  advantage  which  could  be  derived 
were  it  possible  to  make  satisfactorv  use  of  this  addi- 


tional heat  in  the  blast,  need  hardly  be  emphasized,  and 
any  practicable  means  which  would  render  this  possible 
would  confer  a  very  important  boon  upon  the  iron  pro- 
ducing industry.  The  author's  experience  is  that  such 
a  means  is  available  in  "dry  blast,"  and  that  it  is  this 
further  advantage  of  dry  blast  added  to  those  which  are 
already  conceded  it.  which  would,  if  taken  advantage  of, 
settle  the  doubts  of  those  who  are  still  undecided,  and 
convert  those  who  have  already  condemned  it.  It  may 
be  said  that  he  was  in  a  fortunate  position  to  have  avail- 
able such  high  temperatures  (he  has  used  temperatures 
as  high  as  1600  deg.  F.,  normally  from  1450  deg.  to  1550 
deg.  F.,  temperatures  under  1400  deg.  F.  being  consid- 
ered too  low),  but  what  was  available  to  him  is  obtain- 
able by  others,  and  he  would  emphasize  the  fact  that 
without  dry  blast,  although  available,  he  could  not  have 
used  them. 

(To   be   continued.) 


ELECTROCHEMISTS  STUDY  ELECTRIC  HEAT 

Electric  heating,  a  matter  of  particular  importance 
at  the  present  time,  was  one  of  the  leading  subjects 
discussed  at  the  forty-second  annual  convention  of  the 
American  Electrochemical  societv,  held  at  the  Wind- 
sor Hotel,  Montreal,  September  2'l-23.  More  than  200 
delegates  and  members  of  other  scientific  societies  at- 
tended. President  C.  G.  Schulderberg  of  the  Westing- 
house  Electric  &  Manufacturing  Company,  East  Pitts- 
burgh. Pa.,  served  as  chairman.  Addresses  of  wel- 
come were  delivered  by  Alderman  Seybold  represent- 
ing the  city,  and  Dr.  R.  F.  Ruttan  of  McGill  University, 
on  behalf  of  the  scientist  of  Montreal. 


DR.    STANSFIELD   TO    ADDRESS 
ELECTRICAL  ENGINEERS 

Prof.  Alfred  Stansfield,  D.  Sc.  Associate  of  the 
Royal  School  of  Mines ;  Fellow  of  the  Royal  Society  of 
Canada,  Birks  Professor  of  Metallurgy  in  McGill  tlni- 
versit}',  Montreal,  will  speak  on  "Electric  Smelting  of 
Iron  Ores"  before  the  Cleveland  District  section  of  the 
Association  of  Iron  and  Steel  Electrical  Engineers 
Monday,  October  9,  1922,  at  the  Hotel  Winton,  6:30 
P.M. 

In  1907  Prof.  Stansfield,  published  his  first  book 
"The  Electric  Furnace."  but  on  account  of  the  very 
rapid  development  of  the  art,  it  has  been  necessary  to 
make  revision  whereby  the  second  edition  has  been 
placed  at  the  disposal  of  the  engineering  profession. 

Anyone  who  has  read  Prof.  Stansfield's  books  cm- 
not  help  but  be  impressed  with  the  thoroughness  of 
treatment  of  the  various  subjects  relative  to  electric 
smelting.  It  is  felt  that,  since  the  Professor  is  coming 
to  Cleveland  now  with  the  last  word  on  the  subject 
of  Electric  Smelting  of  Iron  Ores,  which  he  will  illus- 
trate with  lantern  slides,  that  the  Electrical  and  Metal- 
lurgical Profession  of  Cleveland  has  been  highly  hon- 
ored.   This  is  an  open  meeting  and  everyone  is  invited. 


BRICKS  FROM  DOLOMITE 

At  the  Columbus.  Ohio,  ceramic  experiment  station, 
the  Bureau  of  Mines  has  made  standard  sized  bricks 
from  calcined  dolomite  and  from  raw  dolomite,  using 
10  per  cent  of  the  flux  Fe,0,,  AL^Og,  SiO,.  Calcined 
dolomite  was  found  undesirable  for  making  into  bricks, 
as  the  mud  slakes  so  rapidly,  and  all  samples  cracked 
badly  on  account  of  enormous  shrinkage  during  drying 
and  burning.  Raw  dolomite,  together  with  10  per  cent 
flux,  gives  excellent  promise. 
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Corrosion  Control  by  Deactivation  of  Water 

Relative     Rate     of     Corrosion — Protective     Coatings — Dissolved 
Oxygen  in  Water — Oxygen  Removal  by  Chemical  Means. 

By  FRANK  N.  SPELLER,  B.A.Sc,  Member  A.  S.  M.  E. 
PART  I 


RF.PLACEMENTS  made  necessary  due  to  corro- 
sion of  iron  and  steel  in  this  country  have  been 
estimated  to  run  over  1,000,000  tons  jier  annum. 
While  this  is  perhaps  little  better  than  a  guess,  it  is 
probably  not  overstating  the  facts.  Much  of  this  loss 
occurs  in  piping,  boilers  and  other  closed  systems.  For 
example,  a  large  modern  building  contains  over  200 
miles  of  piping  of  all  kinds.  There  are  the  arteries  of 
the  structure,  which  are  both  difficult  and  expensive 
to  replace.  The  hot-water  piping  is  most  subject  to 
attack,  frequently  lasting  less  than  10  years  under 
modern  conditions. 

One  of  the  most  fruitful  means  for  effecting  econ- 
omy is  through  the  elimination  of  waste.  The  subject 
of  this  paper  deals  particularly  with  the  conservation 
of  iron  and  steel  in  contact  with  water  in  closed  sys- 
tems, but  it  may  be  well  to  first  outline  briefly  some 
of  the  important  facts  and  principles  relating  to  cor- 
rosion in  general. 

The  Electrolytic  Theory  of  Corrosion  has  been 
stated  in  various  terms  in  a  number  of  articles  which 
may  be  referred  to  by  those  who  are  particularly  in- 
terested in  this  phase  of  the  subject.!  The  essential 
reactions  are :  The  action  of  hydrogen  ions  in  water 
which  results  in  the  solution  of  iron:  the  concentration 
of  hydrogen  ions,  acidity  of  solution  ;  the  polarization 
of  the  metalic  surface  by  deposition  of  hydrogen  which 
protects  the  metal  from  further  attack  ;  the  retarding 
effect  of  ferrous  hydrate  in  solution  ;  and  the  removal 
of  deposited  hydrogen  and  ferrous  hydrate  by  oxvgen 
in  solution  in  water  \\'ithout  the  last  reaction,  cor- 
rosion cannot  proceed  to  any  appreciable  extent,  ex- 
cept in  rare  cases  where  a  high  hydrogen  ion  concen- 
tration is  maintained,  as  where  water  contains  mag- 
nesium chloride.  In  this  case  the  water  when  heated 
brings  about  the  following  reaction  :  MgCl.,  -|-  2H  ,0 
=  MgCOH).,  -\-  2HC1.  In  contact  with  iron,  ferrous 
chloride  is  then  formed,  which  is  hvdrohv.ed  bv  water 
(FeCl,  +  2H..O  =  Fe(r)H).,  -|-  2HC1);  The.se  reac- 
tions are  cyclic  and  will  continue  in  the  presence  of  free 
oxygen,  which  disturbs  the  equilibrium  of  the  last  re- 
action bv  formation  of  insoluble  ferric  hvdrate  (4Fe- 
(OH)„  4- O,  +  2H.,0  =  4Fe(OH),). 

In  most  cases  the  amount  of  free  oxygen  available 
determines  the  amount  and  character  of  corrosion.  It 
is  therefore  convenient  to  divide  corrosion  of  iron  into 
three  broad  classes : 


*Comiminicatecl  by  the  iiutlior  to  the  Franklin  hi^titute. 

f'Corrosion  of  Steel."  A.  S.  Cushman:  J.  of  Franklin  Inst  . 
165,  III.  1908.  "Corrosion  of  Iron  and  Steel."  W.  H.  Walker: 
T  .Am.  Chem.  Soc.  29,  1251:  30,  473.  1907.  "Preservation  of 
Hot  Water  Supply  Pipe,"  Speller  and  Knowland:  Trans.  A.  S. 
of  H.  and  V.  Engineers,  vol.  24.  1918. 


1.  Atmosphsric  corrosion,  where  oxygen  is 
available  in  large  excess. 

2.  Underwater  corrosion,  where  the  amount  of 
oxygen  ])resent  is  limited  to  the  soluliility  of  that 
gas  in  water. 

3.  Soil  corrosion,  in  which  the  ratio  of  moisture 
to  available  oxygen  varies  considerably  but  where 
the  influence  of  contact  of  the  metal  with  dissimilar 
materials  and  diflferent  electrolytes  is  likely  to  be  an 
important  factor  in  accelerating  corrosion.  This 
has  no  reference  to  the  influence  of  electrolysis 
from  stray  electric  currents  per  se,  which  is  another 
problem. J 

In  this  paper  the  author  confines  the  discussion  to 
the  second  of  these  three  classes,  which  includes  broad- 
ly, corrosion  of  the  interior  of  pipes,  tanks,  economizers, 
boilers  and  other  closed  water  systems  which  form 
such  an  important  part  of  building,  and  power  jilant 
construction.  Before  discussing  the  practical  solution 
of  this  problem,  it  may  be  well  to  referc  briefly  to  the 
main  factors  which  influence  corrosion- 
External  Factors. 

The  main  factors  which  control  the  rate  and  dis- 
tribution of  corrosion  of  iron  in  water  (and  this  ap- 
plies, generally  speaking,  to  brass  and  some  other 
metals)  are  given  below  in  order  of  importance  : 

(a)  Amount  of  oxygen  in  solution. 

(b)  Temperature. 

(c)  Quantity  and  velocity  of  flow. 

(d)  Quality  of  water;  presence  of  one  or  more 
electrolytes  in  solution. 

(e)  Contact  with  electro-negative  material. 

Irregular  corrosion,  known  as  pitting,  is  brought 
about  by  contact  of  the  metal  with  electro-negative 
materials  such  as  mill  scale,  brass,  copper,  but  in  the 
absence  of  free  oxygen  the  influence  of  all  other  factors 
mentioned  is  insignificant,  except  where  acid  is  gen- 
erated continuously,  in  which  case  there  will  be  some 
solution  of  iron  but  much  less  where  free  oxygen  is 
not  present. 

Composition  of  Material. 

Before  discussing  what  has  been  done  and  what 
may  still  be  accomplished  to  conserxe  such  material, 
it  is  in  order  perhaps  to  answer  the  question  :  \\'hat 
may  be  expected  from  special  treatment  of  the  metal, 
or  what  has  been  done  towards  the  production  of  a 
non-corrosive  metal  suitable  for  such  conditions?  .'K 
large  amount  of  thought  and  work  has  been  devoted 
to  this  field  by  metallurgists  with  some  results  of  note 
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Fig  1. 

in  the  manufacture  of  special  alloys  such  as  monel 
metal,  dur-iron,  stellite,  stainless  steel  (high-chome 
steel),  and  other  alloys,  all  of  which,  due  to  their  non- 
rusting  qualities,  have  useful  fields.  However,  the 
use  of  these  alloys  is  unfortunately  limited  by  their 
high  cost  and  the  fact  that  such  metals  have  not  as  yet 
been  successfully  fabricated  for  general  purposes.  So 
that  we  must  still  use  such  well-known  material  as 
zinc,  tinplate.  brass,  copper,  wrought  iron  and  steel 
(uncoated  or  galvanized)  and  for  most  purposes  for 
economic  reasons,  the  choice  is  usually  confined  to  the 
last  two  mentioned-  Steel  carrying  0.25  per  cent  copper 
has  proved  much  better  than  non-copper  bearing  steel 
under  atmospheric  corrosion,  but  unfortunately  has 
shown  no  superiority  underwater  or  underground. 

Relative  Rate  of  Corrosion. 

In  passing,  it  may  be  useful  to  refer  to  a  few  of 
the  many  comparative  tests  of  wrought  iron  and  steel 
in  water  lines  which  have  been  made  in  recent  years, 
for  opinions  are  stil  somewhat  divided  in  certain  quar- 
ters on  this  question. 

The  author  has  previously  summarized  some  of  the 
practical  information  from  experience  and  tests  in  serv- 
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ice  on  wrought  iron  and  steel  pipe  in  a  paper 
before  the  International  Association  for  Test- 
ing Materials — 1912.    Since  that  time  consider- 
able   data    have    been    collected    from    various 
sources    which    are    summarized    in    Table    I. 
An  extensive  series  of  tests  in  acid  mine  water 
was  reported  on  by  Committee  A5 — A.S.T.M., 
1921*     The   conclusion   reached   is   practically 
the    same   from   all   these   investigations,   viz., 
that  under  water  the  origin  and  composition  of 
iron   makes   comparatively   little   difiference   in 
the  rate  of  character  of  corrosion.     Whatever 
the  influence  of  composition  may  be  it  is  ap- 
parently small  compared  with  the  marked  in- 
fluence of   variations   in    surface   finish   of   the 
metal,  internal  strain,  contact  with  other  ma- 
terials which  are  relatively  more  electro-nega- 
tive in  character,  to  say  nothing  of  the  predom- 
inating influence  of  other  external  factors  re- 
ferred to  above  which,  after  all,  have  most  to 
do    with    controlling    the    rate    of    corrosion. 
Enough  has  been  said  to  indicate  that  at  present  in 
many  cases,  we  have  no  choice  but  to  consider  means 
for  keeping  the  water  from  contact  with  the  metal  or 
to  remove  the  corrosive  power  of  water  and  thereby 
render  it  inactive.     Thus  corrosion  may  be  prevented 
or  greatly  retarded  either  by  means  of  protective  coat- 
ings or  by  removing  the  free  oxygen  from  water- 

Prcrtective  Coatings. 

Many  protective  coatings  have  been  devised  to  pro- 
tect pipes  and  other  metallic  structures  under  water. 
These  may  be  divided  into  (a)  non-metallic  coatings 
such  as  paints  and  bituminous  dips,  (b)  metallic  coat- 
ings. The  latter  may  be  classified  into  metallic  coat- 
ings which  are  electro-negative  to  iron  and  those  which 
are  electro-positive.  The  former  include  lead,  tin,  cop- 
per, nickel,  and  protect  only  so  long  as  the  coating  is 
intact,  after  which  the  coating  metal  usually  accelerates 
corrosion  and  results  in  pitting.  Electro-positive  metals 
include  such  as  zinc,  aluminum  and  certain  kinds  of 
brass.  Iron  is  protected  by  such  metals,  even  though 
the  protective  coating  does  not  entirely  cover  the  sur- 


*Proc.  A.  S.  T.  M..  vol.  21.  p.  157,  1921. 
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face,  until  the  area  of  iron  exposed  becomes  so 
large  as  to  extend  outside  the  range  of  galvanic 
influence  of  the  more  electro-positive  metal.  Zinc 
coatings  on  account  of  their  economy  and  ease  of 
application  are  most  generally  used  and  find  a 
wide  and  useful  application  in  various  forms  such 
as  hot  galvanizing,  electro-galvanizing,  Sherar- 
dizing  and  spraying.  Each  of  these  methods  of 
zinc  coating  has  special  advantages  for  certain 
purposes  which  have  been  developed  by  experi- 
ence.f 

There  is  good  evidence  that  iron  and  steel  ac- 
quire under  certain  conditions  a  protective  film 
or  scale  which  often  has  considerable  influence  in 
warding  off  the  attack  of  hydrogen  ions  in  water. 
Iron  or  steel  which  contains  over  0.10  per  cent 
copper  has  a  very  decided  tendency  to  develop  a 
strongly  adhering  and   more  or  less   impervious 

coating  of  rust  under  atmospheric  corrosion,  but      

under  water  this  metal  corrodes  like  non-copper 
bearing  steel,  evidently  because  the  rust  formed 
under  these  conditions  does  not  adhere  so  well 
and  is  more  open  in  its  phj-sical  structure.  Steam 
pipes  which  have  been  in  use  for  many  years  often 
exhibit  such  coatings,  particular!}'  where  the 
steami  carries  a  small  amount  of  oil.  which  results 
in  a  protective  coating  consisting  of  a  mixture  of 
hydroxides  of  iron  and  certain  oily  deposits.  The 
absence  of  this  coating  in  modern  systems  fed 
by  steam  generated  and  delivered  directly  for 
heating  purposes  has  in  some  cases  resulted  in 
more  corrosion  than  where  exhaust  steam  was 
previously  used.  The  remedy  for  this  is  to  re- 
duce the  free  oxygen  and  carbonic  acid  in  the 
boiler  make-up  water  to  a  minimum,  and  keep 
the  system  tight  as  far  as  possible- 

^^'aters  of  certain  compositions  throw  down  a 
protective  deposit  of  organic  or  inorganic  material 
on  the  inside  surface  of  pipe,  which  has  a  marked  effect 
in  retarding  corrosion.    It  has  been  observed  that  some 
of  the  domestic  waters  of  New  England  are  more  cor- 
rosive since  filteration  has  come  into  more  general  use. 

Another  instance  of  natural  scale  forming  is  found 
where  water  from  the  Great  Lakes  is  heated  for  do- 
mestic use  or  power  purposes.  A  thin  scale  is  usually 
found  on  the  inside  of  pipes  which  carry  this  water; 


tBureau  of  Standards  Circular  No.  80.  "Protective  Metallic 
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the  a\erage  of  several  analyses  of  such  scales  collected 
by  the  author  gave  : 

Iron      28.4  per  cent 

Lime,   CaCOa    3.0  per  cent 

Silica    4.8  per  cent 

The  lime  and  maganesia  are  usually  present  as  bi- 
carbonates  in  these  waters,  and  when  heated  a  portion 
of  the  half-bound  CO^  is  removed,  resulting  in  precipi- 
tation of  some  of  the  lime.  The  silica  found  in  these 
scales  is  probably  precipitated  by  reaction  with  colloid 
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ferric  hydrate  which  always  forms  a  large  proportion 
of  these  scales.  The  study  which  the  writer  has  made 
of  pipe  corrosion  with  various  domestic  waters  has 
shown  that  there  is  a  marked  difference  in  the  life 
of  pipe  in  certain  localities — one  of  the  most  noticeable 
contrasts  in  this  respect  is  between  the  rate  of  corro- 
sion of  pipe  used  in  the  Great  Lake  cities  where  a  com- 
paratively hard  scale-forming  water  is  used,  in  com- 
parison with  the  action  of  domestic  water  of  New- 
York  or  New  England,  which  is  relatively  purer  and 
softer.  Generally  speaking,  hot-water  pipes  under  the 
former  conditions  last  two  or  three  times  as  long  as 
in  the  later,  other  factors  being  the  same. 

It  is  quite  possible  that  some  practical  means  will 
be  developed  to  give  domestic  water  this  scale-forming 
property  without  making  it  objectionable  in  other  re- 
spects. Some  research  work  on  this  problem  has  been 
under  way  for  a  year  or  so  in  our  laboratory,  which 
indicates  that  while  such  protection  is  incomplete  com- 
pared with  deactivation  of  water,  that  it  is  possible 
to  form  a  coating  on  the  inside  of  pipes  under  certain 
conditions,  which  will  cut  down  corrosion  sufficiently 
to  prevent  all  but  a  slight  discoloration  of  the  water. 

Dissolved  Oxygen  in  Water. 

The  controlling  influence  of  free  oxygen  on  corro- 
sion in  water  is  clearly  indicated  by  the  electrolytic 
theory  and  has  been  repeatedly  demonstrated  by  ex- 
periments and  confirmed  by  practical  experience  (Fig. 
3).  The  solubility  of  oxygen  in  pure  water  follows 
the  Law  of  Henry,  which  states  that  the  solubility  of 
a  gas  at  a  given  temperature  is  proportional  to  the 
pressure  of  the  gas  above  the  solution.  Expressed  as 
a  vapor  pressure  law,  this  means  that  the  partial  pres- 
sure of  a  volatile  solute  from  a  solution  is  proportional 
to  its  molecular  fraction  or  to  its  concentration- 

The  solubility  of  oxygen  in  salt  and  fresh  water  ar 
atmospheric  pressure  varies  with  the  temperature  as 
indicated  in  the  chart  (Fig.  I). 

The  chart  shown  in  Fig.  2  was  prepared  by  Mr.  T. 
M.  Knowland  for  a  report  for  the  National  Tube  Com- 
pany from  work  in  the  Massachusetts  Institute  of 
Technology  Research  Laboratory  and  will  be  found 
useful  for  calculating  the  amount  of  oxygen  dissolved 
in  water  from  air  at  any  temperature  or  pressure. 

The  solubility  of  iron  in  water  is  usually  so  low  that 
in  the  absence  of  oxygen,  corrosion  is  negligible  except, 
as  we  have  pointed  out  before,  where  the  concentration 
of  H  ions  is  considerable  and  is  maintained  by  some 
means,    in    which    case 
such    corrosion    cannot 
be  ignored.     However, 
this  condition  is  rarely 
found  in  domestic  water 
and  but  occasionally  in 
water    used    for    power 
purposes.     In  these 
cases  the  acid  or  acid- 
forming    compound, 
which   is   usually   mag- 
nesium  chloride,   may 
be    neutralized    by    the 
addition  of  lime. 

Fig.  3  shows  in  dia- 
gramatic  form  results  of 
a  series  of  weighted 
tests  of  corrosion  in 
wajer,  made  under  con- 
stant   conditions    but 


Cold  Water 


with  varying  oxygen  contents-  The  water  was  passed 
continuously  through  a  series  of  steel  cylinders  (Fig. 
4),  in  which  were  placed  varj-ing  amounts  of  perforated 
steel  sheets  so  that  the  oxygen  content  of  the  water 
was  reduced  by  stages. 

The  problem  of  protection  of  metal  pipes  or  tanks 
cariying  water  is  therefore  one  of  removing  the  free 
oxygen  from  the  water  before  it  enters  the  system  and 
preventing  further  supply  of  oxygen.  To  secure  prac- 
tical immunity  from  attack,  it  is  not  necessary  to  re- 
move all  the  free  oxygen  ;  the  amount  which  may 
be  tolerated  depends  on  the  temperature  and  amount 
of  water  passing  through  the  system.  For  example, 
a  hot-water  service  system  for  a  building  where  water 
is  used  at  135  deg.  will  show  no  serious  corrosion  witli 
an  oxygen  content  of  1.0  c.c.  per  litre;  at  170  deg.  P., 
to  get  as  good  results,  the  oxygen  contents  should  not 
be  over  one-half  of  this,  or  0.5  c.c.  per  litre;  and  m 
the  case  of  a  boiler  economizer  operating  at  300  deg.  F-, 
the  residual  oxygen  would  probably  have  to  be  reduced 
to  0.2  c.c.  per  litre  to  reduce  corrosion  to  a  negligible 
amount.  There  are  other  factors,  of  course,  which 
make  this  estimate  only  approximate,  but  as  it  is  a 
more  difficult  and  costly  matter  to  remove  the  last 
one-half  c.c.  of  oxygen  per  litre  from  water,  the  de- 
gree of  removal  required  is  one  of  the  main  considera- 
tions in  determining  the  selection  of  the  most  suitable 
and  economical  apparatus  for  any  particular  case. 

Oxygen  removal  apparatus  has  been  developed  to 
a  high  degree  of  efficiency  in  this  country  during  the 
past  six  years  as  a  result  of  various  designs  which  have 
been  worked  out  in  service. 

These  may  be  divided  into  three  classes,  according 
to  the  principles  employed : 

1.  Apparatus  for  oxygen  removal  by  chemical 
means. 

2.  For  oxygen  removal  In'  mechanical  or  physi- 
cal means. 

3.  Combinations  of  the  above  in  the  same  plant- 
Oxygen  Removal  by  Chemical  Means 

(Deactivation  of  Water)  In  the  United  States. 

We  have  frequently  noticed  that  in  service  more 
corrosion  is  found  near  the  inlet  to  a  pipe  system  than 
farther  away ;  that  in  boilers  there  is  more  corrosion 
near  the  feed-water  entrance ;  and  that  in  hot-water 
heating  systems  where  only  a  relatively  small  amount 
of  water  is  added  each  season,  no  serious  damage 
occurs.  Such  experience  and  the  viewpoint  of  corro- 
sion given  by  the  elec- 
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trolytic  theory,  led  the 
author  to  experiment  in 
1906  with  the  removal 
of  free  oxygen  from 
water  by  means  of  con- 
tact with  a  large  surface 
of  scrap  iron  for  which 
apparatus  was  built  in 
the  Research  Labora- 
tory of  the  National 
Tube  Company.  Favor- 
able results  were  ob- 
tained, but  continuous 
operation  of  such  a 
long  period  of  time  re- 
quired considerable  ex- 
perimental work  on  a 
working  scale,  and  it 
was  not  until  1915  that 
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II.it    water  lieactivator.     Heavy   lines   indicate  oiiursc  of  water   when    not  ut^iii 
filter.     Light  lines  indicate  liypasses  and   other  necessary   connections. 


a  satisfactory  plant  con- 
structed on  this  princi- 
ple was  put  into  work- 
ing operation  in  a  build- 
ing in  Pittsburgh.* 

For  lack  of  a  distinc- 
tive name,  the  word 
"deactivator"  was 
adopted  to  describe 
such  an  apparatus,  for 
water  after  having  most 
of  its  dissolved  oxygen 
removed  in  this  way, 
has  been  found  to  be 
inactive  toward  iron. 
The  deactivating  tank 
is  preferably  tilled  with 
a  special  type  of  ex- 
panded steel  lathing 
(about  26-gage),  s(j 
formed  that  the  indi 
vidual  sheets  will  not 
lay  so  close  as  to  cause 
excessive  resistance  to 
flow.  Miscella  n  e  o  u  s 
steel  turnings  usually 
rust  together  in  a  tight 
mass  in  time  so  as  to 
seriously  interfere  with 

flow.  Figs.  5  and  6  show  the  influence  of  varying  tem- 
perature on  deactivation  The  density  of  the  steel,  as 
expressed  in  square  feet  of  surface  per  cubic  foot  of 
volume,  is  another  important  factor  afTecting  the  rate 
(if  o.xvgen  removal  by  this  method. f 

A  later  form  of  deactivator  installed  in  an  apart- 
ment in  Boston  in  1917  is  shown  in  Fig.  7.  A  filter 
was  provided  in  order  to  secure  clear  water  free  from 
iron  hydroxide  ;  the  iron  found  in  solution  in  the  fil- 
tered deactivated  water  is  usually  less  than  0.2  p. p.m. 
Experiments  conducted  by  Dr.  \V.  H.  Walker  and  his 
associates  at  the  Massachusetts  Institute  of  Technol- 
ogy, Industrial  Research  Department,  on  coagulation 
of  iron  in  deactivated  water,  developed  the  fact  that 
by  rendering  the  water  slightly  alkaline  to  phenol- 
phthalein,  the  colloidal  iron  could  be  readily  coagu- 
lated, and  that  passing  water  through  a  slightly  soluble 
form  of  granular  magnesium  oxide  was  a  very  con- 
venient means  for  accomplishing  this  result.  This  gave 
a  simple  and  automatic  control  of  coagulation,  which 
materially  increased  the  efficiency  of  the  filter.  This 
experience  suggested  to  the  author  the  possibility  of 
flocculating  the  hydroxides  of  iron  to  such  an  extent 
that  they  would  be  retained  on  the  expanded  sheet 
steel  of  the  deactivating  tank.  Experimental  work  on 
the  influence  of  temperature,  rate  of  flow,  and  alkalinitv 
on  the  production  of  clear  deactivated  water,  showed 
that  with  a  certain  relation  between  there  factors  good 
results  could  be  accomplished  The  most  favorable 
conditions  under  which  clear  deactivated  water  can 
be  obtained  in  service  without  the  use  of  a  filter  have 
been  developed  by  tests  on  plants  in  operation,  includ- 
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•Described  by  the  Author  as  ".\  Method  for  Practical 
elimination  of  Corrosion  in  Hot  Water  Supply  Pipe,"  Proc. 
A.  S.  H.  and  V.  Engineers,  vol.  23,  125.  1917. 

tU.  S.  Patents  No  900,32.3.  No.  1.204.602.  No.  1,274,099 
(F.  N.  Speller)  refer  to  the  application  of  this  principle  to  the 
removal  of  free  oxygen  from  water. 

t"Les  Corrosions  Du  Per  et  leiir  Suppression  par  le 
Degazage  de  L'eau,"  Chimic  ct  Industrie,  vol.  6,  No.  1,  July, 
1921. 


ing  the  one  shown  in 
Fig.  7,  which  now  oper- 
ates without  the  filter. 
Fig,  8  shows  the  latest 
form  of  apparatus  for 
this  service  in  which 
the  filter  may  be  omit- 
ted or  by-passed  as  de- 
sired.J  However,  the 
rate  of  consumption  of 
hot  water  in  some 
buildings  is  so  variable 
that  a  filter  may  be 
necessary  in  some  cases 
in  order  to  secure  per- 
fectly clear  water  at 
times. 


European  Practice. 

Another  form  of  ap- 
paratus f  o  r  removing 
dissolved  oxygen  by 
use  of  steel  scrap  has 
recently  been  brought 
out  by  Kestner  and 
Paris  in  Europe  and  is 
described  in  a  paper  by 
G.  Paris*  The  novel 
feature  claimed  for  this 
is  intermittent  and  reversible  flow,  based  on  the  as- 
sumption that  ferric  hydroxide  is  reduced  to  the  ferrous 
form  when  allowed  to  stand  in  contact  with  iron  and 
water  for  some  time.  Under  these  conditions  the  iron 
hydrates  lose  their  reddish  color  to  some  degree,  but 
we  have  not  found  them  to  be  more  active  in  this  form 
even  after  the  deactivator  has  been  allowed  to  stand 
at  rest  for  30  hours.  Moreover,  most  of  the  plants 
constructed  in  this  country  have  operated  with  periods 
of  rest  of  at  least  several  hours  each  day  with  no  per- 
ceptible regenerating  influence,  so  that  while  we  have 
found  a  slow  falling  off  in  activity,  the  deactivator  has 
been  found  to  function  for  as  long  as  four  years  with- 
out renewal  with  satisfactory  results-  The  author  is 
inclined  to  believe  that  the  change  in  color  of  ferric 
hydroxide  from  red  to  black  on  standing  is  due  to 
(lehvdration  rather  than  to  reduction  to  the  ferrous 
form.  However,  in  this  connection,  attention  should 
be  called  to  the  fact  that  freshly  precipitated  ferrous 
hydrate  removes  dissolved  oxygen  from  water  with 
great  rapidity  compared  with  iron  ;  for  instance,  Mr. 
R.  G.  Knowiand,  in  our  research  laboratory  in  1918, 
found  that  freshly  precipitated  ferrous  hydrate  com- 
bines with  all  the  oxygen  in  water  at  160  deg.  F.  in  a 
few  seconds,  whereas  steel  sheets  packed  with  surface 
densit)-  of  70  square  feet  jjcr  cubic  foot  of  space  re- 
quired at  least  40  minutes'  contact  to  remove  80  per 
cent  of  the  oxygen  at  this  temperature.  The  advan- 
tage of  the  steel  sheet  method,  however,  is  that  it  is 
entirely  automatic  and  will  operate  for  two  years  or 
more  in  a  properly  proportioned  plant  without  more 
than  casual  attention  by  unskilled  help. 

A  type  of  deactivator  very  similar  to  some  of  those 
which  are  in  operation  in  this  country  has  been  brought 
out  recently  by  the  Metropolitan-Vickers  Electric 
Company  of  ]'"ng]and  and  another  by  Hulsmeyer  in 
Germany  for  power  plant  purposes,  but  so  far  as  the 
records  go,  none  of  these  have  been  ]nit  to  more  than 
very,  limited  use  as  yet. 

(To  be  continued  next  month.) 
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The  Joy  of  Being  a  Chemist 


By  D.  M.  STRICKLAND 
Research   Engineer,  American   Rolling   Mills   Company 


CHEMISTS  have  discovered  not  only  some  eighty- 
odd  formulae  for  home  brew  production,  but  also 
that  all  matter  is  made  up  of  varying-  proportion- 
ate amounts  of  some  eighty-odd  elements.  They  fur- 
ther declare  that  each  element,  when  divided  into  its 
smallest  existible  size,  produces  atoms.  Thus,  we  have 
atoms  of  lead,  mercury  atoms,  oxygen  atoms,  iron 
atoms  and  so  on  through  the  list.  In  fact,  it  is  correct 
to  say  that  all  matter  is  made  up  of  atoms ;  atom  being 
being  the  family  name,  so  to  speak,  while  the  eighty- 
odd  individual  names  characterize  the  family  members. 

"Atoms  are  little,  firm,  hard  balls"  is  the  statement 
I  found  one  time  when  grading  chemistry  students' 
quiz  papers.  This  definition  amused  me.  I  put  a  big 
blue  ring  around  it  and  wrote  an  ironical  marginal 
notation.  Yet,  the  student  was  not  far  from  the  truth. 
There  is  no  doubt  but  that  atoms  are  little.  Just  call 
to  mind  the  smallest  thing  you  can  imagine,  divide  it 
into  a  few  million  parts  and  perhaps  you  will  have 
estimated  the  size  of  a  member  of  the  atom  family. 

If  you  interpret  "firm  hard"  to  mean  tenacity  on  the 
part  of  the  atom  to  hold  its  individual  physical  and 
chemical  characteristics,  the  inability  of  hvmian  ma- 
nipulative skill  to  divide  it  or  change  it  into  other  ele- 
ments —  then,  the  above  definition  is  plausible.  A 
scientist  would  say,  "Atoms  (Greek  meaning  indivisi- 
bles) are,  since  matter  is  incapable  of  indefinite  sub- 
division, the  ultimate  particles  resulting  from  ideal 
separation.'  I'll  leave  it  to  your  judgment  which  defi- 
nition suits  your  taste. 

An  inestimable  number  of  atoms  must  exist  side 
by  side  before  we  have  a  visible  quantity  of  an  ele- 
ment. Take  a  chunk  of  iron  the  size  of  your  fist  and, 
if  you  are  spending  a  few  years  idle  time  waiting  for 
the  next  Democratic  administration,  hold  it  before  your 
eye  and  try  counting  the  number  of  atoms  you  imagine 
the  piece  contains.  Or,  if  you  suffer  from  insomnia, 
take  it  to  bed  with  you  and  count :  atom  one — atom 
two — atom — ato — at — a — etc. — much  more  up-to-date 
and  scientific  than  counting  sheep  as  they  hurdle  the 
fence. 

When  two  or  more  different  atoms  join  partner- 
ship and  enter  a  state  of  chemical  union,  a  molecule  is 
formed.  It  only  takes  a  few  billion  similar  molecules 
to  form  an  appreciable  quantity  of  a  compound-  For 
example,  sodium  atoms  unite  with  chlorine  atoms  to 
produce  sodium-chloride  molecules.  Now,  sodium 
chloride  is  nothing  more  or  less  than  common  table 
salt;  that  white  crystaline  substance  which  pours  out 
of  the  June  bride's  silver-plated  saltcellar  and  is  blasted 
out  of  such  antideluvian  queensware  shakers  as  are 
found  in  restaurants,  cafeterias,  and  boarding  houses. 

Iron  in  its  original  elementary  state  belonged  to 
the  atom  familv — that  inner  circle — the  staid  old  group 
of  80. 

Unfortunate!}-,  however,  for  the  human  race  in  gen- 
eral (but  to  the  decided  financial  betterment  of  the  iron 
and  steel  business  in  particular)   it  turned  out  to  be 


one  of  the  black  sheep  of  the  family.  Refusing  to  live 
up  to  such  high  standards  as  did  its  more  noble  broth- 
ers, gold  and  silver,  it  united  with  various  other  ele- 
ments to  form  compounds.  So  iron  atoms  joined  oxy- 
gen atoms  forniing  iron-oxide  molecules — or,  generally 
speaking,  iron  ore. 

This  good  old  t)re  lay  undisturbed  while  men  of  the 
paleolithic  age  fought  with  stones,  hunted  with  flints, 
wooed  with  clubs,  shuddered  at  lightning,  and  gave 
up  the  ghost.  No  human  hand  disturbed  the  ore  dur- 
ing the  stirring  times  when  the  armies  of  ancient  his- 
tory spanked  each  other  with  bronze  spears,  copper 
shields  and  brass  knucks.  So  man  advanced  through 
the  stone  age  and  bronze  age  ;  acquired  more  knowl- 
edge and  lawyers  —  more  politics  and  prohibition  — 
more  science  and  patent  medicines — and,  finall}-,  more 
need  of  this  article  which  shows  how  important  a  part 
the  chemists  have  taken  in  winning  iron  back  to  the 
original  atomic  family  after  centuries  of  "molecular 
wanderings  and  backslidings. 

The  purification  of  iron  ore  is  no  simple  matter.  To 
separate  iron  from  the  elements  with  which  it  has 
existed  in  chemical  combination  for  ages  and  ages  is 
not  an  easy  task.  In  fact,  those  who  are  not  familiar 
with  steps  necessary  for  the  manufacture  of  commer- 
cially pure  iron  will  be  surprised  at  the  number  of 
]jurification  rounds  which  must  be  fought  before  the 
clinging  impurities  are  knocked  down  and  out. 

Stamp  vending  machines,  jazz  records,  Bolshevism, 
Jimmy  Cox's  presidential  race  and  the  economical 
production  of  commercialh'  pure  iron  are  all  develop- 
ments of  the  twentieth  century.  To  produce  iron 
which  conforms  to  purity  specifications,  it  is  impera- 
tive that  the  contaminating  impurities  be  present  in 
traces  only,  saj^  to  an  aggregate  amount  of  less  than 
one-fifth  of  one  per  cent.  Now,  one-fifth  of  one  per 
cent  means  that  Casey  must  come  to  bat  some  five 
hundred  times  for  a  total  of  one  hit.  .-Vn  out-fielder 
with  an  average  like  that  wouldn't  be  permitted  to 
jilay  ante-over  at  an  old  maids'  home. 

Iron  ore  contains  approximately  55  per  cent  iron 
and  45  per  cent  imi)urities.  The  best  grade  ore  is 
found  in  the  Lake  Superior  regions.  First,  it  is  mined, 
generally  by  strip]>ing  oft  the  ujjper  soil  stratas  and 
digging  out  the  exposed  mineral.  Very  simple,  just 
like  taking  the  lid  off  of  a  nut  and  picking  out  the  good- 
ies. The  ore  is  transported  to  manufacturing  centers 
by  rail  and  ship.  The  ship  loading  and  unloading  facili- 
ties are  monumental  examples  of  human  achievement 
and  in\-entive  ingenuity.  Thousands  and  thousands  of 
tons  of  ore  are  handled  each  year  with  as  much  ease 
as  a  drunken  sailor  handles  money. 

The  first  purification  process  is  the  reduction  of  ore 
in  blast  furnaces.  The  ore  mixed  with  weighed 
amounts  of  coke  and  limestone  skips  up  the  hoist  and 
jumps  into  the  top  of  the  blast  furnace  stack,  the 
skipping  and  jumping  being  accomplished  by  a  gener- 
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ous  application  of  pulleys,  ropes,  bucket  cars,  and  sun- 
dry other  mechanical  devices. 

Superheated  air  is  blown  into  the  stack  by  means 
of  tuyere  pipes  leading  into  the  furnace  at  a  height 
of  about  10  feet  from  the  ground.  Vast  volumes  of  this 
superheated  air  are  blown  into  the  furnace  every  min- 
ute, a  regular  Senatorial  blast  in  fact.  Within  the 
stack,  the  coke  burns,  the  oxygen  atoms  are  separated 
from  the  iron  atoms,  the  charge  melts,  the  drops  of 
iron  trickle  down  to  the  hearth  at  the  bottom  while  the 
lighter  liquid  impurities  float  on  top  of  the  molten 
iron.  From  time  to  time  the  metal  is  tapped  out  of  the 
furnace  and  run  into  moulds  where  it  solidifies.  This 
product  of  the  blast  furnace  is  commercially  known  as 
pig  iron. 

The  slag  or  liquid  impurities  when  run  out  of  the 
furnace  become  the  source  of  livelihood  for  waste  prod- 
uct engineers.  Studying  the  vvhat-to-do-with-blast- 
furnace-slag  problem  has  brought  the  $3,000  a  year 
to  many  an  efficiency  expert  and  the  sum  total  of  their 
conclusions  indicate  that  slag  can  be  economically  used 
for  paving  materials,  mineral  wool,  cements,  and  bal- 
last for  Henry's  D.  T.  &  I. 

Pig  iron  usually  contains  from  5  to  8  per  cent  im- 
purities. It  is  an  intermediate  product  obtained  in  the 
iron  and  steel  manufacturing  process  and  is  used  for 
remelting  purposes  only,  having  no  other  value  except 
as  a  producer  of  revenue  for  blast  furnace  owners. 
Further  purification  of  pig  iron  is  usually  accomplished 
by  either  the  Bessemer  or  the  open  hearth  process. 
Commercialy  pure  iron  is  made  in  open-hearth  fur- 
naces ;  the  product  of  the  Bessemer  process  being  stee! 
which  generally  varies  in  iron  content  from  98  to  99 
per  cent.  Ordinary  irons  and  steels  are  also  made  in 
open-hearth  furnaces,  but  these  products  do  not  re- 
quire such  exacting  manufacturing  care  as  is  necessary 
for  purity  iron  production. 

The  manufacture  of  pure  products  is  always  at- 
tended with  difficulty.  The  development  of  satisfac- 
tory purification  processes  requires  careful  experiment- 
al testing,  scientific  experience,  and  a  thorough  knowl- 
edge of  the  accomplishments  of  preceding  generations 
of  investigators.  This  is  true,  not  only  for  iron,  but 
for  zinc,  copper,  lead,  and  metals  in  general.  It  is 
equally  true  for  soaps,  gasolines,  paints,  oils,  cos- 
metics, foods,  beverages,  and  life's  necessities  as  a 
whole.  Although  it  increases  production  costs,  yet, 
American  buyers  demand  that  their  purchases  conform 
to  ridged  purity  qualifications.  Chautauqua  circuits 
demand  Br3'an  as  it  is  universally  known  that  William 
Jennings  drinks  only  the  purest  grape  juices  obtainable. 
Even  Michigan  demands  the  best  politicians  money 
can  buy. 

The  blast  furnace  pig  iron  when  mixed  with  scrap 
iron  and  limestone  is  charged  into  the  open-hearth  fur- 
nace. In  the  good  old  days  when  saloons  had  a  front 
as  well  as  a  back  entrance,  this  charging  was  done  by 
hand  and  a  gruelling,  back-breaking  job  it  was,  too, 
but  now  the  materials  are  weighed  up  in  pans  on  bug- 
gies and  run  up  in  front  of  the  furnace  doors  where  a 
charging  machine  grabs  the  pans  and  dumps  the  con- 
tents on  the  furnace  hearth.  Artificial  or  natural  gas 
burns  across  the  furnace  above  the  charge  and  pro- 
duces a  temperature  several  degrees  warmer  than  a 
front  seat  in  Billy  Sunday's  tabernacle. 

After  several  hours  the  iron  and  purifying  flux  melt 
down  and  are  ready  to  tap.  Right  now,  however,  is 
where  science  steps  in.     When  open-hearth  melts  are 


tapped  at  tluh  pnuU,  the  resulting  product  is  not  pure 
enough  so  a  departure  from  the  usual  manufacturing 
procedures  is  necessitated.  The  chemists,  those  wiz- 
ards who  can  tell  you  how  much  cotton  is  present  in 
a  $9.98  all  wool  suit,  now  come  forward  and  contribute 
their  eft'orts  and  knowledge  toward  reducing  the  re- 
"maining  traces  of  impurities  to  a  minimum — that  one- 
fifth  of  one  per  cent  mentioned  above. 

1  used  to  juggle  test  tubes  in  an  open-hearth  labora- 
tory. I  soon  learned  what  it  meant  to  hold  a  hundred 
tons  of  molten  iron  in  the  furnace  while  the  final  puri- 
fication was  accomplished.  1  recall  one  sizzling  hoi 
July  afternoon  about  three  weeks  after  I  started  to 
work.  While  I  was  creating  a  whirlwind  of  useless 
laboratory  activity  in  an  efYort  to  impress  my  superiors 
that  a  college  man  might  possibly  amount  to  some- 
thing after  all,  an  open-hearth  furnace  helper  brought 
me  a  preliminary  test.  He  was  a  typical  furnace  man; 
a  big,  strong,  good-natured,  hard  working  foreigner. 
His  undershirt,  trousers,  and  shoes  were  soaked  with 
perspiration.  His  blue  lensed  furnace  glasses  were 
pushed  back  on  his  forehead  and  a  bandage  on  his  arm 
located  the  most  recent  hot  metal  burn.  After  handing 
me  the  test  he  drank  a  quart  of  water,  sat  down,  ana 
wiped  his  face  with  a  handkerchief  in  which  overall 
blue  was  the  prevailing  color. 

I  knew  that  a  preliminary  test  was  a  spoonful  of 
metal  diped  out  of  the  furnace.  1  also  knew  that  tlie 
men  were  working  with  the  molten  iron  in  the  furnace, 
awaiting  the  results  of  my  analysis,  and  hoping  that  the 
impurities  would  be  low  enough  that  no  more  delay 
would  be  necessary.  I  tested  the  sample  as  rapidly  as 
possible.  When  the  results  were  obtained  I  turned  to 
the  foreigner  and  said  ; 

"John,  you  will  have  to  bring  another  test." 

"Whazzamat?    Too  mooch  sulphur?" 

"No,  sulphur  is  low  enough — copper  and  phosphor- 
ous are  all  right — too  much  manganese." 

"Too  mooch  magnas?    Hell!" 

Never  had  1  heard  that  simple  expletive  deliverea 
with  more  feeling.  The  results  of  my  analysis  meant 
that  he  and  his  companions  had  to  work  in  front  of 
the  furnace  doors  throwing  additional  purifying  agenis 
into  the  boiling  iron  and  continue  to  do  so  until  subse- 
quent tests  and  analyses  showed  that  the  metal  con- 
formed to  specifications.  No  wonder  he  was  moved  to 
violent  expression. 

Long  haired  poets  sit  along  the  sea  shore,  musing 
in  iambic  pentameter  measurement  and  wondering 
what  the  wild  waves  are  saying.  Stock  brokers  and 
millionaire  cooks,  motorists  and  flivverettes,  artistic 
tempermentalists  and  sensible  citizens  wander  all  over 
the  Garden  of  the  Gods,  Yellowstone  Park,  and  the 
globe  in  general,  audibly  expressing  their  conceptions 
of  the  beauties  of  nature  and  wondering  what  the  next 
head  waiter  will  think  when  he  gets  his  tip.  The  bow- 
ery pawnbroker  and  his  famil}'  enjoy  a  Coney  Island 
boat  trip,  callisthentically  tickled  that  little  10-year-old 
Isaac  got  through  the  gate  for  nothing  and  wondering 
whether  they  put  the  cat  out  and  locked  the  back  door. 
And  so  it  goes.  Everybody,  everywhere,  hunts  for 
novel  amusements,  new  scenery,  and  nature's  wonders. 

Let  me  give  you  an  idea.  The  next  time  you  feel 
the  need  of  a  beautiful  and  wonderful  sight,  something 
out  of  the  usual  humdrum  existence — take  a  trip  to 
the  nearest  open-hearth  furnace  plant  and  watch  the 
tapping  of  a  heat.  You  will  be  well  repaid  for  your 
trouble. 
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Witness  a  hundred  tons  of  white-hot  molten  iron 
running  out  of  the  furnace  down  the  trough  and  pour- 
ing into  the  brick-lined  ladle ;  long  tongues  of  flame 
leaping  higher  and  higher;  scintillating  sparks  shoot- 
ing up,  out  and  every  which  way.  Watch  the  ladle 
fill  to  the  brim  and  see  the  liquid  slag  swirl  and  dart 
and  boil  on  the  top  of  the  metal,  finally  overflowing 
with  a  second  display  of  sparks  into  the  slag  pot. 
Realize  the  consequences  of  a  false  step  on  the  part 
of  the  men  who  open  the  tap-hole  and  hover  about 
the  flowing  metal :  metal  which  would  .snufT  out  their 
lives  in  the  twinkling  of  an  e_\e.  Listen  to  the  roar  of 
the  falling  iron,  the  grinding  of  gears  and  wheels,  the 
hoarse  shouts  of  foremen.  Wonder  at  the  precision- 
like efficiency  of  the  controlling  machinery.  \\'atch 
the  gigantic  crane  hook  onto  the  ladle  and  lift  it  as  if 
a  feather,  carrying  the  tons  of  molten  metal  to  the 
mold  train,  losing  along  the  w^ay  such  metal  as  over- 
flows the  top  and  falls  to  the  ground  in  a  veritable 
shower  of  brilliants  and  diamonds.  Now,  double  the 
beauty  of  the  whole  spectacle  by  choosing  a  midnight 
hour  and  let  the  inky  darkness  of  night  give  a  con- 
trasting background  against  which  the  sparks  and 
flames  and  fires  will  shine  out  in  all  their  radiant 
splendor. 

After  you  have  witnessed  the  tapping  of  a  heat 
vou  are  (|ualifie(l  to  talk  scenery  with  anybody.  Call 
to  mind  that  old  bore  who  lives  around  the  corner. 
You  remember  he  went  to  Niagara  Falls  on  his  wed- 


ding trip  40  years  ago.     He  never  forgot  it  or  permits 
anybody  else  to  forget  it.     Hunt  him  up  and  sav  : 

"Neighbor,  did  you  ever  see  an  open-hearth  furnace 
tap?" 

"Naw.  But  I  IK)  remember  what  1  saw  aliout  40 
years  ago,  etc.- — ' 

Now,  crush  liiin.     \'iiu  ha\e  the  ammunition. 

The  bubbling  iron  is  held  within  controllable 
bounds  by  humanly  devised  machanisms.  Before  tap- 
jiing,  it  is  held  in  check  while  the  chemist  demands  of 
science,  "Is  it  pure  enough?"  Then  its  great  to  be  a 
chemist.  You  are  the  whole  show^  at  this  stage  of 
the  manufacturing  process.  You're  responsible.  Be- 
fore pure  iron  can  be  produced,  you  are  a  vital  factor — 
\'ou  must  contribute  something — you  must  use  your 
ability  an<l  skill.  The  superintendent  as  well  as  the 
furnace  helper  stands  around  and  waits  for  vou  to  sav, 
"Yes"  or,  "No." 

W  hen  the  analyses  are  completed  and  science  is 
satisfied — while  you  watch  the  metal  pour  out  of  tne 
furnace — you  have  that  enviable  feeling  which  comes 
with  a  realization  that  work  is  well  done.  You  have 
a  feeling  of  accomplishment,  a  desire  to  tack  a  sign 
on  your  back  which  says,  "I've  done  something.  Look 
at  me,"  and  then  parade  around  in  front  of  kings, 
princes,  and  presidents  ;  before  relatives,  friends,  and 
stranger.s — anvbodv — an  v  where. 


Reducing  the  Cost  of  Handling  Coal 

Statistics  Showing  a  Saving  of  Cost  of  Handling  Bulk  Material 
by  the  Use  of  Better  Belt  Conveyor  Idlers. 

By   J.   M.   KELLY* 


IN  the  handling  of  coal,  coke,  ore,  limstone  and  other 
bulk  materials  about  a  plant,  belt  conveyors  are  fast 
coming  into  more  extended  use.  It  is  important  to 
secure  uninterrupted  conveyor  operation  at  the  lowest 
cost  per  ton,  and  careful  consideration  of  the  type  of 
trcjughing  and  return  idler  bearings  is  therefore  well 
worth  while. 

In  computing  the  power  required  to  drise  a  belt 
conveyor  delivering  a  certain  tonnage  at  a  given  speed, 
various  formulae  are  used,  but  the  most  general  is: 
Constant  X   Capacity   X    Length 


Power 


+ 


990 
Capacity  X  Lift 

990 


thi 


per 


The   constant  depends  on   the  belt    width   and 
weight  per  cu.  ft.  of  material  handled. 

The  capacity  is  expressed  in  tons  of  material 
hour. 

The  length  is  the  distance  between  centers  of  head 
and  tail  pulleys  expressed  in  feet. 

The  lift  is  the  vertical  distance  through  which  the 
material  is  lifted  and  is  expressed  in  feet. 

*En.2:ineer    with     Hyatt    Roller    Bearing    Company,    Pitts- 
burgh,  Pa. 


For  this  formula  various  authorities  give  the  value 
of  the  constant  as  .138  for  a  48-in.  belt  conveyor  hand- 
ling coal  which  weighs  50  lb.  per  cu.  ft.  when  plain 
I)earings  are  used. 

.\  recent  test  was  conducted  on  a  belt  con\eyor,  the 
troughing  and  return  idlers  of  which  were  equipped 
with  anti-friction  bearings  of  the  flexible   roller  type. 


Fig.  1. — View  of  conveyor  at  the  new  by-products  coke  oven 
plant  of  the  Donner  Union  Coke  Corporation  at  Buffalo, 
N.  Y.  This  conveyor  is  equipped  with  Hyatt  Roller 
Bearings. 
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Of  Cdursi.'  the  power  required  Xu  elevate  the  coal 
through  the  \ertical  distance  will  remain  the  same 
regardless  of  the  type  of  troughing  and  return  idlers, 
but  the  friction  horse  power,  which  is  for  the  most 
part  the  jjower  required  for  tlie  belt  to  overcome  fric- 
tion in  the  idlers,  is  materially  reduced  by  the  installa- 
tion of  efiicient  bearings. 

i'he  specifications  and  measured  lactors  on  the 
con\e\cir  tested  ;irp  as  follows: 

Belt  W  idtii   48  in. 

Length     404.5    ft. 

Lift 119.13  ft. 

.Measured   S])eed    505.6    ft.  min. 

Measured    Capacity    1,020.52  tons  hr. 

Substituting  these  items  into  tiie  abo\e  formula  the 
power  required  to  drive  the  conveyor  when  equipped 
with  plain  liearing  idlers  would  be  180. ,^4  hp.     Of  this 


Fig.  2. — This  long  roller  bearing  equipped  conveyor  is  re- 
ducing power  and  maintenance  items  of  an  important  steel 
company  in  the  Ohio  Valley. 

power,  122.8  hp.  is  required  to  lift  the  coal  through 
the  vertical  distance  of  199.13  ft.  while  57.74  hp.  would 
be  the  friction  consumed  in  the  idlers.  The  constant  of 
.138  which  was  checked  on  other  48-in.  conveyors 
equipped  with  plain  bearings  would  be  used  in  this 
calculation. 

However,  the  actual  power  required  to  dri\e  this 
conveyor  which  was  equipped  with  the  anti-friction 
flexible  roller  bearings  was  only  148.4  hp.,  122.8  hp.  of 
which  was  used  to  elevate  the  coal  througii  the  vertical 
height  and  25.6  hp.  to  overcome  the  friction  in  the 
idlers. 

This  reijresents  a  saving  of  31.94  hp.  in  faxor  of  the 
anti-friction  bearing  equipped  idlers. 

The  saving  made  possible  by  the  use  of  roller  bear- 
ing idlers  on  this  conveyor  is  55.5  ])er  cent  of  th<:  ]iower 
required  to  overcome  friction. 

Hence  the  constant  to  be  used  in  the  calculation  of 
power  requirements  of  a  flexible  roller  bearing 
equipped  conveyor  48  in.  wide  would  be  .0614  instead 
of  the  .138  used  for  the  plain  bearing  conveyor. 

Not  only   does   this   reduction   in   power   mean   a 


power  saving,  but  it  also  means  a  reduction  in  the 
number  of  belt  plies  which  need  be  used  in  order  to 
operate  economically  and  with  assurance  of  long  life 
for  the  belt.  The  reduction  in  power  permits  a  reduc- 
tion in  total  tension,  because: 

Power  X  33,000 

1  ension  ^ 

Speed 

.\s  the  maximum  tension  is  reduced  on  account  of 
the  reduction  in  power,  the  unit  stress  per  inch  of  width 
]jer  ply  remaining  the  same,  a  reduction  in  the  number 
of  plies  of  belt  is  effected. 

This  reduction  in  the  number  of  plies  of  belt  effects 
a  saving  in  the  first  cost  of  the  belt  as  well  as  in  the 
cost  of  replacement  when  the  belt  is  no  longer  con- 
sidered useful  for  conveyor  service.  The  life  of  the 
belt  of  course  varies  and  is  estimated  between  four 
and  live  years. 

In  .idditiun  to  these  economies  in  conveyor  opera- 
tion made  [possible  by  the  use  of  flexible  roller  bearings 
in  the  troughing  and  return  idlers,  definite  savings  can 
l)e  made  in  the  cost  of  lubrication,  material  and  labor 
to  apply  it.  Idlers  equipped  with  bearings  of  the  flex- 
ible roller  type  require  lubrication  only  twice  each 
year,  because  a  reservoir  for  grease  is  established  with- 
in the  bearing,  and  all  surfaces  are  continually  lubri- 
cated. Belts  do  not  wear  out  prematurely,  due  to  im- 
properly lubricated  idler  pulleys,  and  the  continuous 
service,  which  is  assured  from  easy  turning  idlers,  is 
worthy  of  special  attention- 

These  economies  about  a  steel  plant  are  nothing 
new,  since  in  many  plants  similar  economies  in  main- 
tenance, upkeep,  power  consumption  and  lubrication 
costs  have  been  effected  by  roller  bearings  on  mill 
tables  and  cars  for  several  years  past. 

Tests  on  other  plain  bearing  and  flexible  roller 
bearing -equipped  conveyors  of  various  belt  widths 
have  been  conducted  and  the  power  constants  to  be 
used  in  the  general  horse  power  formula  have  been 
determined. 

In  the  design  and  construction  of  new  belt  convey- 
ing equipment  these  items  of  power  saving,  mainten- 
ance and  increased  life  from  the  equipment  are  being 
given  more  attention.  The  available  data  from  tests  of 
belt  conveyors  of  various  widths  can  be  advantageous- 
Iv  used  in  designing  new  conveyors  so  that  uninter- 
ru])ted  conveyor  operation  at  the  lowest  cost  per  ton 
can  lie  assured  from  the  start. 


PURDUE  MAN  AIDS  57  FOUNDRIES  IN  STATE 

During  July  and  .\ugust  R-  K.  W'endl,  of  the  En- 
gineering Stafl'  of  Purdue  University,  visited  57  foun- 
dries of  Indiana  ami  interviewed  100  foundrymen  in 
an  eft'ort  to  help  them  solve  their  problems.  Mr.  W'endt 
is  an  expert  of  extensive  practical  experience,  and 
teaches  foundry  work  in  the  Purdue  Unix'ersity  En- 
gineering Schools. 

The  plants  visited  were  very  appreciative  of  the 
engineering  extension  work  ofi'ered  by  Purdue  and 
were  delighted  that  this  work  has  now  been  extended 
to  the  foundries  of  the  state.  Many  of  the  foundrymen 
were  in  favor  of  holding  a  conference  or  meeting  at 
Purdue  University  next  spring. 

A  number  of  the  foundrymen  expressed  their  will- 
ingness to  take  Purdue  students  into  their  plants  dur- 
ing the  summer  vacations. 
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Modern   Steam   Generating  Plant 

The  Heppenstall  Boiler  Plant  Is  Modern  and  Up-to-Date  in  Every 
Detail — It  Has  Been  Designed  to  Meet  Special  Requirements  Due 
to  the  Location  of  the  Plant  and  to  Unusual  Service  Demands. 

BY   R.   F.   KEIFER* 


A  WORD  picture  of  the  works  of  the  Heppenstall 
Forge  &  Knife  Company  would  not  be  complete 
without  a  description  of  our  steam  generating  or 
boiler  plant  and,  assuming  this  to  be  an  interesting  sub- 
ject to  engineers  and  operators,  we  will  endeavor  to 
describe  the  same  in 
detail. 

For  several  years  the 
proposition  of  utilizing 
the  waste  heat  from  the 
forge  furnaces  for  the 
generation  of  steam 
power  was  given  care- 
ful consideration,  and  it 
was  only  after  due  de- 
liberation and  a  thor- 
ough trial  that  this 
scheme  was  discarded 
and  the  isolated  and 
scattered  units,  making 
up  our  steam  producing 
equipment,  were  super- 
seded and  replaced  by 
the  present  splendid  and 
centralized  plant. 

As  is  the  case  in  all 
industrial  plants  when 
located  in  the  heart  of  a 
thickly  populated  dis- 
trict, the  question  of 
available  space  is  a  seri- 
ous one  and  the  plant 
must  be  designed  to  not 
only  give  maximum  effi- 
ciency, but  must  do  so 
in  the  minimum  amount 
of  space,  bearing  in 
mind  at  all  times  the  re- 
quirements of  the  par- 
ticular plant  in  question  ; 
this  of  course  covering 
the  question  of  receiv- 
ing and  handling  coal  and  the  disposal  of  ash. 

Description  of  the  Building. 

In  general,  the  building  is  47  ft.  wide  and  85  ft.  4  in. 
long — inside  measurements — of  steel  framework  and 
brick  walls.  The  building  is  divided  into  two  bays  cross- 
wise and  four  bays  lengthwise  and  is  provided  with  a 
lean-to  at  one  end  approximately  19  ft.  square.  The 
building  is  also  provided  with  a  basement,  the  floor  level 
of  which  is  15  ft.  below  the  boiler  room  and  6  ft.  above 
general  yard  level. 


EXTERIOR  VIEW  OF  MODERN  STE.\M  GENERATING  PL.\NT 


This  illustration  gives  a  cjood  ide 
railroad  and  of  the  relative  position 
handling  and  crushing  equipment. 


•Chief  Engineer,  Heppenstall  Forge  &  Knife  Company. 


The  two  bays,  into  which  a  cross  section  of  this  build- 
ing is  divided,  are  designed  so  that  one  bay  contains  the 
coal  bunkers  and  the  other  bay  will  accommodate  the 
boilers.  .All  building  foundations  extend  3  ft.  above 
basement  floor  level,  resulting  in  a  very  pleasing  efl^ect 

of  a  3- ft.  concrete  belt 
course  below  the  brick 
walls. 

The  structural  steel 
framework  consists  of 
three  rows  of  two  col- 
umns— two  rows  ex- 
tending to  a  height  of  53 
ft.  above  the  basement 
floor  level  and  were  de- 
signed to  support  the 
coal  bunker  and  mono- 
rail and  roof  above  the 
coal  bunker.  The  rear 
row  of  columns  extend 
to  a  height  of  49  ft. 
above  the  basement  floor 
level  and  are  designed  to 
support  the  roof. 

-\   monitor    of    struc- 
tural steel  has  been  pro- 
vided   approximately    17 
ft.  6   in.    from  top   strut 
lit  coal  bunker  to  under 
side  of  room  beam,  and 
designed  suitable  to  sup- 
port   a    mono-rail  track 
with    telpher    and    a 
loaded     ly^     cu.     yd. 
bucket.     This  monitor  is 
a  p  p  r  o  X  imately   19   ft. 
wide    and     is    equipped 
with    a    structural    steel 
walkway    on    one    side, 
across  one  end  and   for 
one  bay  23  ft.  8  in.  long 
on  the  other  side  to  give 
access  to  the  mono-rail  crane  for  repairs  and  inspection. 
The  center  row  of  columns  is  in  line  with  the  front 
of  the  boilers,  and  were  designed  of  sulificient  strength 
to  carry  a  heavy  girder  suitable  for  supporting  the  boilers. 
The  floor  is  reinforced  concrete,  designed  to  carry  a 
superimposed  load  of  200  lbs.  per  sq.  ft.,  and  all  open- 
ings through  the  floor  were  located  previous  to  pouring 
the  concrete  and  suitable  thimbles  "cast  in  place."     This 
feature   assures    a    finished   appearance   and    does   away 
with  the  possibility  of  the  concrete  spalling  ofl^  the  cor- 
ners from  time  to  time.     Stairways    are    suitably    pro- 
tected by  curb  angles  and  hand  rails. 


a  of  the  location  with  respect  to  the 
of  the  boiler  house,   chimney,  coal 
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FIG,  1— SOUTHWEST  ELEVATION  OF  BOILER  HOUSE  AND  PUMP  ROOM  ANNEX 

This  plant  is  well  liphted,  as  is  readily  appreciated  when  the  number  of  doors  and  windows  is  noted.    The  ventilating  sash  located 
in  the  center  of  the  ti'indo^vs  has  also  proved  highly  satisfactory 


Brick  walls  13J/2  in.  thick,  properly  pilastered,  have 
been  provided,  enclosing  all  structural  steel.  Brick  walls 
are  carried  above  the  roof  line  to  form  a  parapet  and  a 
coping  of  vitrified  tile  is  placed  thereon.  The  window 
sills  are  brick  laid  on  edge.  The  side  wall  of  the  moni- 
tor above  the  main  roof  is  stucco  applied  on  metal 
lath.  Ventilated  steel  window  sash  have  been  used 
throughout  and  rolling  steel  doors  have  been  provided  to 
permit  ease  in  handling  large  equipment.  The  arrange- 
ment of  the  windows,  doors,  etc.,  is  clearly  shown  on 
Fig.  1  and  Fig.  2. 

Coal  Bunker. 

The  coal  bunker  is  approximately  19  ft.  wide,  17  ft. 
deep  and  85  ft.  long  and  consists  of  two  inclined  longi- 
tudinal steel  girders,  secured  to  the  building  columns ; 
these  girds  in  turn  furnish  the  support  for  a  series  of 
steel  suspension  members  supporting  the  suspension 
bunker,  which  is  lined  with  concrete  and  reinforced  with 
wire  mesh  reinforcement.  The  bunker  is  also  provided 
with  eight  12-in.  square  rack  and  pinion  type  gates,  oper- 
ated by  means  of  chain  and  chain  wheels  from  the  boiler 
room  floor,  and  suitable  spouts  are  also  provided  to 
carry  the  coal  from  the  bunker  to  the  stoker  lioppers. 
The  capacity  of  this  bunker  is  about  700  tons  of  coal  and 
the  clearance  above  the  boiler  room  floor  is  approxi- 
mately 20  ft.  This  is  clearly  shown  in  cross  section  on 
Fig.  7. 

The  roof  is  a  "poured  in  place"  slab  of  gypsum,  re- 
inforced with  galvanized  steel  wire  and  was  installed  by 
the  H.  H.  Robertson  Company;  the  gypsum  deck  was 
waterproofed  with  Johns-Manville  3-ply  prepared  asbes- 
tos Phoenix  roofing  and  when  installed  was  one  of  the 


first  such  installations,  and  after  almost  four  years'  use 
we  have  had  no  reason  to  regret  our  decision.  It  some- 
times becomes  necessary  to  extend  special  piping,  etc., 
through  the  roof  of  a  boiler  house  and  the  construction 
adopted  lends  itself  readily  to  such  treatment,  for  this 
deck  can  be  easily  cut  with  a  hand  saw  and  a  neat  and 
"finished"  appearance  is  the  result. 

A  structural  steel  walkway  has  been  provided  above 
the  boilers,  carried  by  brackets  on  the  center  row  of 
columns ;  this  walkway  is  reached  by  a  structural  steel 
stairway  from  the  boiler  room  floor  below.  From  this 
walkway  access  to  the  walkway  above  the  bunker  is  had 
by  means  of  a  suitably  guarded  steel  ladder.  All  stair 
treads  and  walkways  are  of  "Irving  subway  grating,"  Irv- 
ing Iron  Works  Company,  as  a  safety  measure.  This 
material  will  permit  no  accumulation  of  dirt  and  has 
been  adopted  as  a  "standard"  for  use  throughout  the 
works. 

Coal  Handling  Equipment 

For  the  purpose  of  carrying  the  railroad  coal  track 
over  the  concrete  pit,  track  girders  designed  for  coopers 
E-50  loading  with  25  per  cent  allowance  for  impact  were 
installed. 

If  we  refer  to  Fig.  3,  we  note  that  starting  at  the  far 
side  of  the  concrete  coal  pit  and  extending  to  the  front 
wall  of  the  boiler  house,  a  structural  steel  trestle  and 
mono-rail  track  have  been  provided  to  accommodate  a 
Sprague  Combination  No.  1831-GB-7,  220-voIt,  d.c. 
grab  bucket  mono-rail  crane  with  enclosed  cage  and  Hay- 
ward  clamshell  Class  "E"  bucket  of  l^i  cu.  yds.  capacity. 
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Maximum  hoist  is  85  ft.  from  bottom  of  I-beam 
track  to  bottom  of  bucket;  hoisting  speed  150  ft.  per  min- 
ute; traversing  speed  350  ft.  per  minute. 

Many  different  types  of  equipment  were  considered 
for  handhng  coal  and  ash  and  finally  this  system  of  mono- 
rail crane  and  grab  bucket  was  adopted,  and  three  years' 
operation  have  proven  the  wisdom  of  this  decision,  there 
being  practically  nothing  to  get  out  of  order,  the  upkeep 
is  very  low  and  "breakdowns"  almost  unknown.  This 
equipment  is  of  such  capacity  as  to  readily  take  care 
of  our  requirements,  a  50-ton  car  of  coal  can  be  stored 
in  the  coal  bunker  in  about  three  hours  by  one  operator, 
who,  also  with  the  .same  equipment,  loads  ashes  for 
carload  shipments. 

Fig.  4  shovv's  the  design  and  typical  details  of  the 
structural  steel  trestle,  which  is  68  ft.  from  column  base 
to  underside  of  I-bean;  track,  column  bases  being  6  in. 
above  yard  level.  Each  bent  is  constructed  in  general 
as  shown  in  Fig.  4  of  two  columns  with  suitable  cross 
bracing  at  the  top  and  properly  braced  longitudinally  so 
that  the  structure  will  not  be  subject  to  undue  vibration 
under  the  load  of  the  traveling  crane.  As  shown  on  the 
drawing  the  mono-rail  is  supported  from  the  cross  fram- 
ing at  the  top  and  was  designed  to  carry  the  loaded 
bucket  and  crane  with  a  safety   factor  of  7j/2. 

Immediately  at  the  side  of  the  track  hopper,  toward 
the  boiler  house,  a  steel  structure  has  been  provided  to 
carry  a  bin  approximately  11x13  ft.  together  with  a  coal 
crushing  and  screening  outfit,  the  top  of  the  bin  being 
approximately  40  ft.  above  yard  level.     For  feeding  coal 


from    the   hopper   to   the   crusher,   a   reciprocating 
plate  feeder  approximately  8  ft.  long  is  used. 


steel 


Coal  Crusher. 

The  Heyl  &  Patterson  coal  crusher  has  two  24x24  in. 
Cornish  tooth  rolls  and  is  of  35  tons  run  of  mine  to  1J4 
in.  capacity  per  hour,  being  driven  by  a  25-hp.  G.  E. 
motor.  All  coal  crushers  have  one  roll  cushioned  on 
springs  to  permit  the  roll  to  move  back  to  pass  unbreak- 
able material,  but  this  crusher  does  not  have  the  adjust- 
able roll  gear  driven  as  is  most  common,  but  the  adjust- 
able roll  is  driven  from  a  countershaft  through  belt  trans- 
mission, the  belt  being  equipped  with  automatic  tension 
pulley. 

Arrangement  for  adjusting  and  driving  the  rolls  will 
permit  the  space  between  rolls  to  be  varied  and  fixed  as 
desired,  and  at  the  same  time  will  permit  the  adjustable 
roll  to  automatically  move  back  the  full  depth  of  spring 
compression  in  case  any  unbreakable  material  be  acci- 
dently  delivered  to  crusher,  mixed  with  the  coal.  With 
1^-in.  space  between  rolls  the  adjustable  roll  may  move 
back  4}.i  in.  to  pass  unbreakable  material. 

Beneath  the  crusher  and  supported  by  suitable  frame- 
work a  screen  has  been  provided  for  the  purpose  of  sepa- 
rating fine  and  coarse  coal.  The  fine  coal  passing  through 
the  screen  will  be  diverted  by  means  of  a  steel  chute  to 
a  pit,  centered  under  the  mono-rail.  The  coarse  material 
passing  over  the  screen  is  diverted  by  a  chute  at  the 
end  of  the  screen  to  an  adjacent  pit  under  the  mono- 
rail.    Tine  crusher  is  located  .beside  the  steel  trestle  in  a 


FIG.  2— NORTHWEST  AND  SOUTHEAST  ENDS  OF  BOILER  HOUSE 
Arrangement  of  doors,  windows  and  ventilating  sash  is  shown  and  the  position  of  the  coal  bunker  is  also  indicated. 
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Rice  AND  Basmore  Chart  for  Recording  Water  Test  RtADw*os        _..™ />fi2v 
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FIG.  6— BOILER  FEED  WATER  TREATAIENT  CHART 
EXPLANATION   OF  CHART 

The  figures  in  the  Icfthand  column  represent  test  readings  in 
grains  per  gallon. 

Small  square — Represents  the  average  alkalinity  reading  for 
all  steaming  boilers  reported  any  one  day. 

Uneven  solid  line — Represents  the  average  of  alkalinity  tests 
for  all  boilers  for  all  days  from  the  first  of  the  month  up  to  the 
last  day  this  average  is  recorded. 

Uneven  broken  line — Represents  the  average  chloride  reading 
of  all  steaming  boilers  reported  any  one  day. 

Solid  cross — Represents  the  results  of  our  tests  for  soda  con- 
centrations in  samples  received  from  the  plant. 

Broken  cross — Represents  the  results  of  our  tests  for  chloride 
concentrations  in  samples  received  from  the  plant. 

Star — Represents  the  day  on  zi'hich  a  change  in  treatment  ifas 
advised  by  us. 

Circle — Represents  the  day  on  which  the  treatment  advised 
was  made  effective. 

Arrow — When  placed  to  the  side  of  a  mark  points  toward  the 
direction  on  the  chart  from  zvhich  the  reading  is  to  be  taken  for 
all  marks  of  the  same  kind.  E.vampte :  One  arroiv  to  the  right 
side  of  a  solid  cross  indicates  thai  the  reading  for  this  cross  and 
for  all  other  solid  crosses  on  the  chart  are  to  be  taken  from  the 
right  side. 

The  straight  solid  line  represents  the  minimum  desired  alka- 
linity to  be  carried. 

The  straight  broken  line  represents  the  ma.rimum  desired 
chloride  reading  to  be  carried. 

All  curves  shoum  on  the  chart  as  uneven  solid  lines,  broken 
lines  or  small  squares  are  plotted  on  the  intersection  of  the  ver- 
tical line  representing  the  date  on  ifhich  each  test  of  its  kind  was 
reported  as  being  made,  and  the  horizontal  line  representing  the 
readings. 

The  solid  and  broken  crosses  are  placed  on  the  intersection  of 
the  hori.::ontal  line  representing  the  test  readings,  and  vertical  line 
representing  the  date  the  sample  tvas  taken,  and  not  the  date  on 
which  the  tests  of  the  samples  shipped  are  made  by  us. 


crusher  house  19x11  ft.  elevated  20  ft.  above  yard  level. 

Coal  is  received  by  railroad  and  is  dumped  direct 
from  cars  to  the  receiving  hopper  shown  in  Fig.  3,  from 
which  point  it  is  handled  by  the  Sprague  G.  B.  7  grab 
bucket  mono-rail  crane. 

Providing  "slack"  be  received,  it  is  taken  direct  from 
receiving  hopper  to  the  coal  bunker  in  the  boiler  house, 
but  if  run  of  mine  coal  be  received,  it  is  lifted  by  the 
grab  bucket  to  the  11x13  ft.  bin  and  fed  to  the  crusher 
by  the  reciprocating  steel  plate  feeder  and  from  the 
crusher  the  coal  runs  by  gravity  over  the  screen  and 
finally  comes  to  rest  in  either  the  fine  coal  or  coarse  coal 
hopper,  locations  of  which  are  shown  on  Fig.  3,  the  fine 
coal  being  handled  from  here  to  the  coal  bunkers  by  the 
grab  bucket  crane. 

Suitable  spouts  lead  from  the  rack  and  pinion  type 
gates  (controlled  from  boiler  house  floor)  on  the  bottom 
of  the  coal  bunker  to  the  stoker  hoppers. 

The  stokers  are  Type  AA-6  Taylor  stokers  of  5-re- 
tort,  17-tuyere  size,  built  by  the  American  Engineering 
Company.  The  three  stokers,  15  retorts  and  the  fan 
are  driven  by  a  Troy  engine ;  this  fan  is  of  the  paddle 
wheel,  three-fourths  housed  type  and  is  of  such  size  as 
to  operate  four  stokers  at  maximum  capacity.  Two  ver- 
tical engines,  either  of  which  may  be  direct  connected  to 
the  fan,  are  provided ;  each  engine,  however,  is  of  suf- 
ficient size  to  operate  the  fan  at  maximum  capacity  and 
in  addition  drive  four  stokers.  It  is  not  uncommon  to 
call  upon  these  stokers  to  burn  sufficient  coal  to  develop 
225  per  cent  to  250  per  cent  of  normal  boiler  rating. 

This  stoker  consists  of  the  following  assembled  parts : 
1.     Sloping  passages,  called  retorts,  by  which  coal 

enters  from  the  hoppers. 


2.  A  series  of  cast  iron  tuyere  boxes,  through 
which  air  is  forced  by  a  fan,  and  which  are  cov- 
ered by  perforated  cast  iron  tuyeres,  through  which 
the  air  enters  the  fuel  bed. 

3.  .Slowly  reciprocating  rams,  driven  at  variable 
speed  by  worm  gears  from  a  sprocket  shaft.  Each 
retort  is  served  by  one  feeding  ram  and  a  distributing 
ram.  As  the  coal  drops  behind  them  it  is  pushed  up- 
ward and  backward,  working  to  the  surface  and 
eventually  past  the  extension  grate  to  the  dump  plate, 
and 

4.  A  dump  plate  on  which  hot  refuse  accumu- 
lates and  which  is  dumped  every  3  to  6  hours,  de- 
pending on  the  rate  of  working. 

The  rams  are  driven  by  sprockets  and  worm  gearing 
from  a  drive  shaft  below  the  floor.  The  distributing 
ram  is  operated  through  a  lever  from  the  feeding  ram ; 
its  stroke  is  graduated  by  the  lever  and  may  be  furtiier 
adjusted  by  spacing  washers.  An  extension  of  this  lever 
imparts  a  slight  movement  to  the  extension  grate  to  pre- 
vent clinkers  from  adhering. 

Power  is  derived  from  a  steam  engine ;  the  stokers 
and  fan  are  run  at  proportional  speeds,  according  to  the 
load  demand. 

The  first  effect  of  the  feeding  ram  is  to  push  much  of 
the  fuel  upward.  This  accounts  for  the  heavy  fuel  bed 
— from  2  to  3  ft.  thick — which  is  carried.  The  green 
fuel  works  slowly  to  the  surface,  having  ample  time  to 
distil,  and  the  escaping  gases,  rising  with  air  from  the 
tuyeres  through  the  incandescent  coke  above,  are  thor- 
oughly mixed  and  burn  with  an  intense,  relatively  short 
flame. 
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The  burning  fuel  is  gradually  worked  backward  and 
downward,  being  pushcfi  l)y  frcsli  fuel,  and  when  it 
finally  reaches  the  dump  plate  practically  nothing  hut  hot 
ash  and  clinker  remains. 

This  type  of  stoker  is  equipped  with  power  dump 
which  consists  esseiitiaily  of  a  steam  cylinder  located 
underneath  the  stoker,  tosjcther  with  suitable  mechanism 
connecting  it  to  a  dumi)  plate  of  sufficient  size  and 
rigidity. 

The  dump  plate  is  hinged  and  is  su])ported  at  its  free 
edge  by  a  series  of  pawls  set  directly  into  the  bridge- 
wall,  this  to  prevent  sagging  under  load.  By  rocking 
these  pawls,  which  are  rouiick-d  so  they  do  not  lift  the 
dump  plate  before  releasing  it.  the  dump  i)late  is  allowed 
to  dro[),  and  if  the  fuel  contains  little  or  no  clinker,  noth- 
ing else  is  re(|uired,  but  if  the  fuel  contains  clinker,  as 
most  soft  coals  do,  part  of  this  clinker  forms  on  the 
dump  plate  and  lower  grate,  and  part  is  carried  on  to 
the  face  of  the  bridgewall  where  it  tends  to  "hang" 
when  the  ashes  are  dumped  ;  the  power  dump,  however, 
acts  as  both  hammer  and  scraper  when  raised  above  its 
normal  position,  .\fter  the  ashes  iiave  been  dumi)ed, 
steam  is  admitted  to  tlie  cylinder,  and  the  slag  crust  mi 
the  bridgewail  is  scraiicd  olT.  at  one  blow  ordinarily,  and 
the  result  is  a  clean  tire,  and  no  clinker  building  ui)  on 
the  bridgewall. 

By  referring  to  Fig.  7  we  sec  the  arrangement  pro- 
vided for  ash  disposal. 
As  the  ashes  are  dumped 
they  fall  directly  into 
the  ash  hopper,  bottom 
of  which  is  closed  by 
the  24x36  in.  Hunt  du- 
plex ash  valves,  and  as 
the  occasion  requires, 
the  soot  valve  is  opened 
from  the  rear  of  the 
boiler  and  the  accumu- 
lated sofit  falls  into  the 
ash  hopper  through  the 
soot  chute. 

After  dumping,  the 
operator  opens  a  Haas 
automatic  flush  valve 
and  a  predetermined 
quantity  of  water  is  fed 
through  the  ash  sprink- 
ler, as  shown  on  Fig.  7, 
quenching  same,,  after 
which  this  ash  is  depos- 
ited in  the  ash  car  by 
opening  the  "Hunt 
valves,"  and  then  it  is 
taken  to  the  20x20  ft. 
ash  hoppers,  shown  on 
Fig.  3,  and  dumped. 

Final  disposal  of  ash 
is  made  by  the  Sprague 
grab  bucket  mono-rail 
crane,  which  liandles  the 
coal  also,  loading  empty 
cars,  which  are  spotted 
under  the  mono-rail  on 
the  coal  track  from  the 
20x20  ft.  ash  hopper. 

Boilers. 


Two  400-hp.  Babcock 
&      Wilcox      horizontal 


FIG.  8— INTERIOR  VIEW  OF  BOILER  HOUSE 
A  view  donn  the  firing  aisle  showing  the  plant  as  it  appears  at  pres- 
ent.    Suitable  spouts  lead  Jrom  the    rach    and    pinion    type    gates    (eoiu- 
trolled  from  the  boiler  house  floor)  on  the  bottom  of  the  coal  bunkers  to 
tht  stoktr  hoppers. 


water  tube  boilers,  sloping  head,  double  deck,  18  tubes 
across,  6  rows  in  lower  deck  and  5  rows  in  upper  deck, 
making  a  total  of  198  4-in.  tubes  18  ft.  long  and  two  42- 
in.  drums  2^  ft.  (^  in.  long;  and  one  400-hp.  Babcock  & 
Wilcox  horizontal  water  tube  boiler,  vertical  head,  single 
deck,  21  tubes  across,  9  rows  high,  making  a  total  of  189 
4-in.  tubes  18  ft.  long  and  three  36-in.  drums  20  ft.  4  in. 
long,  make  up  the  steam  producing  equipment.  Sufficient 
space  has  been  provided,  however,  to  accommodate  an 
additional  boiler. 

One  2,000-h[).  National  close,  outside  header  type, 
feed  water  heater  is  used.  This  heater  consists  of  a 
number  of  coils  of  tubing  inclosed  in  a  shell  or  casing; 
llie  feed  water  is  jnimped  through  the  coils  and  exhaust 
steam  is  admitted  to  the  shell.  The  feed  water  is  usually 
raised  to  within  .S  to  10  deg.  of  the  temperature  of  the 
steam,  resulting  in  a  satisfactory  saving  of  fuel.  By 
referring  to  drawing,  l^'ig.  3,  it  will  be  noticed  that  pro- 
vision has  been  made  for  a  second  heater. 

Feed  Water  Pumps. 

The  feed  water  ]Hinii)s  ,"ire  two  in  number  and  are 
liotli  W'ilson-.Snydcr  turbine  driven  centrifugal  pumping 
units,  consisting  of  a  3-in.  two-stage,  single  suction,  hori- 
zontal type  Wilson-Snyder  centrifugal  pump,  direct  con- 
nected by  means  of  flexible  couplings  to  a  31.6-hp.  non- 
condensing  Terry  steam  turbine.  Each  pump  has  a  capa- 
city of  130  gallons  per 
niin.,  operating  against 
150  lbs.  boiler  pressure 
and  pumping  water  at 
210  deg.  F.  with  7  ft. 
static  water  pressure  on 
the  suction.  Turbines 
are  fitted  with  Foster 
constant  excess  pressure 
i;overnors.  The  pump 
and  turbine  are  mounted 
on  a  heavy  cast  iron  bed 
])late.  making  a  com- 
[)lete  unit. 

Brick  Chimney. 

The  forced  draft  fan, 
producing  a  draft  of 
from  1  to  5  in.  of  water, 
relieves  the  chimney  of 
most  of  its  duty,  but  an 
.Alphons  ("ustodis  per- 
forated radial  brick 
cliimney  175  ft.  high  and 
7  ft.  6  in.  inside  diame- 
ter at  top  has  been  pro- 
vided. 

Feed  Water 
Treatment. 

liie  feed  water  for 
our  boilers  is  taken  di- 
rect from  the  .Mlegheny 
River.  This  stream 
drains  from  an  exten- 
sive watershed  and  is 
-subject  to  contamination 
with  waters  from  mines, 
manufacturing  plants, 
and  sewerage  from  va- 
rious towns  along  its 
course.    It,  therefore. 
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varies  considerably  in  its  contained  impurities.  This 
is  especially  true  after  heavy  rains.  The  tabulated  analy- 
ses, given  below,  show  just  how  changeable  this  river 
can  be,  these  two  analyses  having  been  taken  during  dif- 
ferent periods : 

Turbidity     27.0  2.0 

Suspended    matter    53.0  2.4 

Iron     1.5  .2 

Silica    3.8  6.4 

Calcium 7.4  26.0 

Magnesium   1.6  6.0 

Sodium  and  potassium 5.4  21.0 

Bi-carbonatc   radical    24.0  71.0 

Sulphate  radical    12.0  30.0 

Chlorine     6.0  32.0 

Between  the  two  analyses  given  above  there  is  a  dif- 
ference in  the  principal  scale  forming  constituents  of  196 
per  cent  in  the  carbonates  and  150  per  cent  in  sulphates. 

Regardless  of  these  changing  qualities  of  the  water 
from  the  river,  our  boilers  are  free  from  scale  and  cor- 
rosion. This  is  due  to  the  scientific  manner  in  which  the 
chemical  treatment  of  feed  water  is  controlled,  for  which 
purpose  we  employ  the  services  of  Cyrus  Wm.  Rice  & 
Company,  Water   Purification  Engineers. 

This  control  is  afifected  through  a  co-operation  be- 
tween these  engineers  and  our  boiler  room  forces,  by 
which  the  latter,  each  day,  make  and  forward  to  the  en- 
gineers the  results  of  two  simple  tests  of  samples  of 
water  taken  from  the  steaming  boilers. 

By  this  means  we  are  advised  just  when  a  treatment 
is  necessary.  The  service  also  insures  us  of  the  internal 
cleanliness  of  the  boiler  when  steaming. 

The  chemicals  required  in  treating  the  boiler  feed 
water  are  dissolved  within  a  chemical  dosmg  tank  of  250 
gallons  capacity  located  slightly  above  floor  level  in  the 
basement  of  the  boiler  house.  A  small  pump  draws  the 
soda  solution  from  this  tank  and  delivers  same  eitlier 
into  the  main  feed  water  discharge  between  the  closed 
heater  and  boilers,  or  into  each  boiler.  The  object  of 
the  separate  connections  is  to  introduce  an  additional 
quantity  of  chemicals  into  any  one  steaming  unit  where 
the  daily  test  readings  indicate  the  necessity  for  such 
additional  treatment.  After  a  water  is  dosed  with  the 
chemicals,  it  is  very  important  that  representative  sam- 
ples be  obtained  of  the  boiler  feed  water  before  and 
after  the  treatment  is  added.  For  such  purposes  we  col- 
lect one  sample  each  of  the  raw  and  treated  waters  daily 
and  one  sample  of  water  from  each  steaming  boiler.  All 
samples  of  raw  and  treated  water  are  drawn  uniformly 
over  a  24-hour  period  into  separate  wooden  containers 
located  in  the  basement  of  the  boiler  house.  At  about 
the  same  time  each  day  a  4-ounce  sample  of  each  of  the 
above  waters  is  taken  from  these  barrels  and  placed  into 
separate  glass  containers  for  collecting  the  weekly  sam- 
ples we  forward  the  engineers  for  their  laboratory  analy- 
sis. This  is  done  as  a  check  on  the  boiler  room  force  and 
on  the  effectiveness  of  the  treatment  within  the  boilers. 

The  sample  of  boiler  water  is  taken  after  one  of 
tlie  regular  daily  blow  downs  from  a  J/2-in.  drip  connec- 
tion located  on  the  blow-down  pipe  of  the  boiler.  These 
blow-down  samples  are  tested  by  one  of  our  boiler  men 
and  results  of  the  test  reported  direct  by  him  to  the  engi- 
neers as  above  mentioned. 

At  the  end  of  each  month  we  receive  a  complete  re- 
port showing  the  results  of  each  test  that  was  made  by 
our  boiler  room  forces  and  by  the  engineers.  A  copy  of 
the  report  wc  receive  is  given  herewith.  ( See  Fig.  6. ) 
Through  such  a  record  we  can  at  any  time  check  the 


work  of  our  own  men  and  that  of  the  engineers  we  hire 
for  this  purpose. 


NATIONAL  SAFETY  COUNCIL  PASSES 
RESOLUTIONS 

Arthur  H.  Young,  of  the  International  Harvester 
Company,  president  of  the  council,  in  his  annual  ad- 
dress, August  28,  at  the  Cass  Technical  High  School, 
Detroit,  made  special  reference  to  the  comprehensive 
public  safety  program  of  the  council  and  announced 
that  a  large  sum  of  money  had  been  made  available  by 
a  group  of  insurance  companies  to  aid  the  council  in 
Its  campaign  against  automobile  accidents.  He  placed 
particular  emphasis  on  the  value  of  its  practical  co- 
operation ill  as  being  a  significant  era  in  the  progress 
of  general  accident  ])revention.  He  paid  a  tribute  to 
the  railroads  in  the  Careful  Crossing  Campaign  and 
to  the  hundreds  of  local  safety  organizations  doing 
safety  work  in  many  cities  through  out  the  country. 
He  prophesied  that  in  time  all  preventable  accidents 
will  be  prevented  and  that  the  people  of  the  United 
States  will  take  as  jealous  and  watchful  care  of  their 
lives  and  limbs  as  they  now  do  of  their  dollars  earned, 
saved  and  invested  through  fixed  and  ingrained  habits 
of  safety. 

The  congress  adopted  a  resolution  endorsing  a 
safety  platform  for  1923  as  follows: 

\\'hereas,  the  80,000  accidental  deaths  and  mil- 
lions of  injuries  occurring  each  year  on  our  streets, 
in  our  industries,  in  homes  and  elsewhere  are  a  blot 
on  American  civilization  and  the  cause  of  untold 
suffering  and  sorrow,  and 

Whereas,  the  direct  economic  cost  of  industrial 
accidents  alone  exceeds  one  billion  dollars  annually, 
and' 

Whereas,  experience  has  demonstrated  that  at 
least  75  per  cent  of  industrial  accidents  are  pre- 
ventable and  that  approximately  an  equal  reduction 
is  possible  as  regards  public  accidents,  therefore  be  it 

Resolved  :  That  the  National  Safety  Council  in 
its  Eleventh  .\niiual  Crmgress  in  Detroit  assembled 
advocates: 

1.  The  safeguarding  of  all  dangerous  machin- 
ery and  places  according  to  standard  methods  of 
proved  value ; 

2.  The  development  of  industrial  equipment 
and  processes  along  lines  of  inherent  safety  for  the 
double  purpose  of  eliminating  accident  hazards  and 
increasing  production  efficiency  ; 

3.  The  education  of  all  workmen  and  their 
supervisors  in  safe  methods  and  habits  of  work; 

4.  The  training  in  safety  of  all  school  children, 
as  well  as  students  in  colleges  and  universities,  both 
for  their  own  protection  and  as  an  object  lesson  in 
good  citizneship  ; 

5.  The  adoption  and  strict  enforcement  of  uni- 
form, practicable  laws  and  ordinances  for  the  safe- 
guarding of  vehicular  traffic  and  the  protection  of 
the  multitude  of  law  abiding  drivers  and  pedes- 
trians against  the  thoughtlessness  and  recklessness 
of  the  few  ;  and 

6.  The  mobilization  of  all  community  forces 
through  state  and  city  safety  councils  for  securing 
those  ends  through  the  overwhelming  force  of  en- 
lightened public  opinion. 
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Iron 


and  Steel  Electrical  Engineers 

Convention 

The  Sixteenth  Annual  Convention  of  This  Society  Held  in  the 
Cleveland  Public  Hall,  September  Uth  to  the  15th,  Surpassed  All 
Previous  Meetings — Twenty-three  Hundred  Registered. 


TWENTY-THREK  hundred  iron  and  steel  elec- 
trical engineers  and  their  friends  registered  for 
the  sixteenth  annual  convention  of  the  Iron  and 
Steel  Electrical  Engineers  held  in  the  Public  Hall, 
Cleveland,  September  11  to  15.  They  were  rewarded 
in  many  ways.  The  size  and  attractiveness  of  the  e.x- 
hibits  in  which  85  exhibitors  showed  their  product,  far 
surpassed  any  previous  iron  and  steel  electrical  expo- 
sition. The  technical  papers  were  the  most  complete 
ever  presented  before  this  society.  The  convention 
hall,  which  was  erected  by  the  city  of  Cleveland  at  the 
expense  of  $6,500,000,  was  particularly  well  suited  for 
the  convention,  as  it  provided  ample  space  in  every 
way. 

The  annual  banquet,  held  at  the  Statler  Hotel, 
Thursday  evening,  was  attended  by  approximately 
500  engineers.  The  program  for  the  banquet  included 
such  interesting  speakers  as  Charles  P.  Steinmetz, 
chief  consulting  enginer  of  the  General  Electric  Com- 
pany ;  the  retiring  president,  W.  S.  Hall,  electrical  en- 
gineer, Illinois  Steel  Company,  South  Chicago;  J.  S. 
Unger,  manager  of  the  Research  Department,  Carnegie 
Steel  Company,  and  C.  L.  CoUens,  president,  Reliance 
Manufacturing  Company,  Cleveland.  H.  P.  Bope,  for- 
merly general  sales  manager  of  the  Carnegie  Steel 
Company,  was  toastmaster. 

The  Cleveland  Section  entertained  the  visitors 
Tuesday  evening  with  a  dance  and  an  organ  recital  at 
the  Public  Hall.  An  interesting  lecture  on  the 
"Science  of  Numbers"  was  given  by  E.  Kieft,  engineer 
of  tests  at  the  Gary  plant  of  the  Illinois  Steel  Company. 
.•\t  the  business  meeting  Monday  morning.  Foreman 
R.  B.  Gerhardt.  electrical  engineer,  Bethlehem  Steel 
Company,  Sparrows  Point,  Md.,  was  elected  president 
for  the  ensuing  year.  Other  officers  elected  were  as 
follows:  First  vice-president,  L.  F.  Galbraith,  elec- 
trical engineer,  West  Penn  Steel  Company,  Bracken- 
ridge,  Pa.;  second  vice-president,  R.  L.  Shoemaker, 
superintendent  of  maintenance,  .\merican  Rolling  Mill 
Company,  Middletown,  Ohio;  directors,  A.  C.  Cum- 
mins, electrical  superintendent,  Carnegie  Steel  Com- 
pany, Duquesne,  Pa.;  E.  H.  Wentz,  electrical  superin- 
tendent. National  Tube  Company,  Lorain,  Ohio ;  B.  G. 
Beek,  electrical  engineer,  American  Sheet  &  Tin  Plate 
Company,  Gary,  Ind. ;  George  Schaefi'er,  electrical 
superintendent.  Carpenter  Steel  Company,  Reading, 
Pa.,  and  A.  L.  Freret,  assistant  chief  electrical  engi- 
neer, Tennessee  Coal,  Iron  and  Railroad  Company,  Bir- 
mingham. Ala.;  treasurer,  John  Farrington,  electrical 
superintendent,  LaBelle  Iron  Works,  Steubenville, 
Ohio ;  secretary,  John  F.  Kelly,  Pittsburgh. 

Dr.  Steinmetz,  during  the  course  of  his  paper,  said 
in  part  as  follows ; 


"There  are  three  ways  of  supplying  i)i)wer  to  an 
industry. 

"The  isolated  plant  without  connection  with  any 
electric  power  system.  The  advantages  and  disadvan- 
tages of  this  arrangement  have  been  discussed  in  the 
preceding.  Where  considerable  energy  is  available  as 
by-product  of  the  industry,  the  cost  of  power  from  a 
local  isolated  plant  may  figure  lower  than  power  can 
possibly  be  bought  from  the  central  station.  This, 
however,  may  have  little  meaning,  as  it  depends  on  the 
value  assumed  for  the  by-product  energy  used  as  fuel 
by  the  local  plant.  If  the  by-product  energy  is  not 
sufficient  for  the  total  power  demands  of  the  industry, 
additional  fuel  has  to  be  used  ;  where  there  is  more  by- 
product energ}-  than  required  to  produce  the  power, 
the  surplus  may  be  wasted,  or  an  attempt  made  to 
find  some  other  use  for  it.  Or  it  may  also  be  converted 
into  electric  power  and  some  of  the  electric  power  sold. 
Or  some  industrial  uses  for  the  surplus  electric  power 
may  be  developed,  such  as  electric  smelting  or  refining. 
The  latter  probably  is  the  most  economical  arrange- 
ment. 

Or  the  electric  power  required  by  the  industry  may 
all  be  bought  from  an  electric  power  system,  and  no 
local  plant  operated.  This  is  most  convenient,  but 
depends  on  the  rates  which  can  be  secured  from  the 
electric  power  company.  In  general,  the  power  would 
1)6  bought  in  bulk  under  a  rate  based  on  maximum 
demand  and  on  power  factof'.  It  would  therefore  be 
economically  desirable  to  arrange  the  industrial  opera- 
tion so  as  to  have  as  nearly  as  uniform  power  consump- 
tion as  possible,  without  large  peaks  of  power  con- 
sumption, so  as  to  have  the  maximum  demand  ex- 
ceed the  average  demand  as  little  as  possible  and  there- 
by to  get  the  best  rates.  For  power,  synchronous 
motors  should  be  used  as  far  as  possible,  and  operated 
over-excited  so  as  to  compensate  for  the  lagging  cur- 
rents of  induction  motors.  Power  factor  corrective 
devices,  such  as  synchrononous  condensers,  may  be  in- 
stalled in  the  substation.  The  substation  with  its 
transforming,  regulating,  power  factor  controlling  de- 
vices, etc.,  may  be  owned  and  operated  by  the  power 
company,  or  by  the  industrial  corporation,  or  it  may 
be  owned  by  the  one  and  operated  by  the  other.  The 
power  may  be  metered  on  the  primary  side  of  the 
substation,  or  on  the  secondary  side.  The  general  eco- 
nomic principle,  I  believe,  should  be  that  everything 
])ertaining  to  power  generation,  transmission,  transfor- 
mation, control,  etc..  should  be  operated  and  preferably 
also  owned  by  the  power  supply  company,  as  being  a 
legitimate  part  of  the  electric  power  industry ;  while 
everything  pertaining  to  the  application  of  the  power 
to  the  specific  industry  served  by  the  substation  should 
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be  operated  by  the  industrial  corporation.  The  specific 
arrangement  which  can  be  made  will  however  to  some 
extent  depend  on  the  financial  strength,  on  the  pro- 
gressiveness  of  the  management  and  the  far  sighledness 
of  the  engineering  staff  of  the  two  companies. 

If  there  is  considerable  by-product  energy,  some 
arrangement  should  be  made  to  fully  utilize  this  avail- 
able energy.  If  the  by-product  energy  is  wasted  en- 
tirely by  not  being  used,  or  wasted  intrinsically  by 
being  put  to  an  inferior  use,  for  heating  only,  instead 
of  first  taking  out  the  available  mechanical  power, 
then  the  arrangement  is  uneconomical,  even  if  finan- 
cially the  central  station  power  supply  should  figure 
out  an  advantage. 

"Where  considerable  by-product  energy  is  avail- 
able, and  where  central  station  power  supply  is  possi- 
ble from  an  electric  power  system,  central  station  serv- 
ice may  be  combined  with  the  operation  of  a  local  sta- 
tion. 

"A  part  of  the  plant  may  be  operated  from  the 
local  station,  another  part  by  the  central  station  power, 
leaving  both  electrically  separated,  but  with  arrange- 
ments whereby  feeders  may  be  connected  over  from 
the  one  service  to  the  other.  Or  part  of  the  time  the 
plant  may  be  operated  from  the  local  station  alone,  and 
central  station  power  used  only  when  the  load  ex- 
ceeds the  capacity  of  the  local  station.  Or  the  connec- 
tion to  the  central  station  may  be  entirely  or  essentially 
that  of  standby  or  emergency  service,  and  normally  the 
local  plant  supply  all  the  power. 

"Or  the  local  station  and  the  central  station  both 
may  feed  into  the  same  set  of  local  busbars,  from  which 
the  power  supply  of  the  plant  is  taken.  Various  possi- 
bilities then  exist  in  the  arrangement  of  the  load  dis- 
tribution between  local  and  central  stations. 

"Power  may  be  bought  from  the  central  station  at 
unity  power  factor  constant  load,  that  is,  unity  load 
factor,  and  the  fluctuation  of  load  and  the  wattless  cur- 
rent supplied  by  the  local  station.  This  would  give 
the  lowest  cost  (except  oflf  peak  power)  of  the  central 
station  power,  and  therefore  should  give  the  best  rates 
of  power,  those  of  continuous  non-inductive  load.  It 
necessarily  makes  the  local  station  operate  less  effi- 
ciently, and.  where  operated  by  by-product  power  re- 
quires sufficient  storage  facilities  for  such  by-product 
power,  to  supply  it  at  tlie  rate  demanded  by  the  load 
fluctuations.  Also,  the  generator  armature  and  the 
generator  fields  may  not  be  able  to  carry  the  excess 
current  required  in  both  to  supply  all  the  lagging  cur- 
rents of  the  system.  This  would  have  to  be  looked 
into. 

"Or,  instead  of  carrying  all  the  load  fluctuation 
and  all  the  wattless  currents  by  the  local  station,  in- 
vestigation may  show  it  more  economical  to  throw 
some  load  fluctuation  and  some  wattless  currents  to 
the  central  station  supply,  when  the  gain  in  efficiency 
of  operation  of  the  local  station,  given  thereto,  is 
greater  than  the  increase  of  cost  of  central  station 
power.  For  instance,  the  central  station  rate  may  be 
the  same  for  power  factors  from  90  per  cent  to  unity, 
and  then  it  would  be  of  disadvantage  to  carry  more 
wattless  currents  by  the  local  station,  than  necessary 
to  keep  the  power  factor  of  the  central  station  supply 
above  90  per  cent. 

"Where  a  daily  or  annual  peak  are  a  factor  in  the 
cost  of  central  station  power  generation,  and  off  peak 
power  therefore  of  lower  cost  than  continuous  power, 


lower  rates  may  be  secured  if  the  plant  operation  can 
be  organized  so  as  to  disconnect  the  central  station 
supply  for  a  few  hours  during  the  day,  and  operating  on 
local  power  only.  Or  a  two-rate  metering  may  be  ar- 
ranged, that  is,  a  lower  meter  rate  during  the  off  peak 
period.  This  would  allow  the  use  of  central  station 
power  during  peak  load,  if  so  required  by  the  industry, 
but  put  a  premium  on  avoiding  it  and  securing  the 
lower  rate  of  the  oft'  peak  power. 

"Another  way  of  operation  would  be,  to  carry  con- 
stant load  on  the  local  station,  and  take  the  fluncua- 
tions  by  the  central  station  service.  In  this  case  a  less 
favorable  price  of  central  station  power  would  result, 
but  the  local  station  would  work  at  best  economy. 
With  by-product  energy,  the  local  station  may  then  be 
operated  at  such  output  as  to  consume  the  byproduct 
energy  at  the  rate  at  which  it  is  produced,  and  ehminate 
the  need  of  storage. 

"The  most  economical  arrangement  between  local 
station  and  central  station  power  supply  to  a  large 
extent  depends  on  local  conditions  of  power  demand 
and  supply,  on  the  possibility  of  modifying  the  power 
demand  to  get  more  favorable  conditions,  and  is  deep- 
ly involved  in  the  matter  of  rate  making.  While  the 
economic  principle  of  rate  making  is  to  arrange  the 
price  in  proportion  to  the  cost  of  power,  as  depending 
on  quantity  and  quality  (such  as  load  factor  and  power 
factor,  peak  and  oft"  peak),  the  actual  rates  may  not 
quite  represent  this,  and  the  lowest  rate  may  not  al- 
ways be  the  most  economical." 


GERMAN  TECHNICAL  BOOK  REVIEW 
By  HUBERT  HERMANNS 
L.  Litinsky,  Wet-Cooling  of  Coke  and  Utilization  of 
the  Coke  Heat.  (Trockne  Kokskuhlung  mit  Ausnut- 
zung  der  Koksglut)  52  pages,  18  fig.,  7  tables.  Pub- 
lished 1922  b)'  Otto  Spamer,  Leipzig.  The  different 
methods  of  utilizing  coke  heat  are  described,  especially 
the  method  of  using  amorphous  gases  which  utilizes 
the  coke  heat  for  generating  steam  in  an  economical 
way. 

F.  W.  Hinrichsen  and  S.  Taczak,  The  Chemistry 
of  the  Coal  (Kohlenchemie)  3rd  Edition,  523  pages. 
Published  by  W.  Engelmann,  Leipzig.  The  origin  and 
the  artificial  production  of  coal ;  properties,  distinction 
and  classification  of  the  natural  coal  according  to  its 
nature,  microstructure,  mechanical  qualities  and  be- 
haviour in  heating;  decomposition  and  self-ignition  of 
coal ;  chemical  and  calorimetric  testing  of  coal ;  the 
most  economical  utilization  of  fuels. 

Edmund  Schlosser.  Soldering  and  Welding  (Loe- 
ten  und  Schweissen).  A  handbook  for  the  practice; 
257  pages,  81  fig.,  fifth  edition.  Published  1922  by  A. 
Hartlebens  Verlag,  Leipzig  and  Vienna.  Solders  and 
soldering  devices  ;  the  electric  and  autogeneous  weld- 
ing. 

Max  Le  Blanc,  Compendium  of  the  Electro-Cheni- 
istry.  (Lehrbuch  der  Elektro-Chemie)  ;  ninth  and 
tenth  edition;  370  pages,  22  fig.,  published  1922  by 
Oskar  Leiner,  Leipzig-  Development  of  the  Electro- 
chemistry during  the  19th  century ;  theory  of  the  elec- 
trolytic dissociation  of  Arrhenius  ;  determination  of  the 
ions;  conductivity  of  electrolyts ;  electric  endosmuse  ; 
electromotive  forces;  electrolyse  and  polarization. 

A.  Schelest,  The  Specific  Heat  of  the  Gases  and 
X'apors  (Die  spezifische  Warme  der  Gase  und  Dampfe) 
12  fig.    Published  1922  by  Franz  Deuticke,  Leipzig. 
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Judging  the  Combustion  of  Gaseous  Fuels 

From  Gas  Analyses 


By  A.  G.  WITTING* 


Wl-'.  coinbustieiii  (.■iiginccrs  ha\  c  a  lielil  nt  action  dI 
g-it'at  importance.  'I'hc  consumption  of  fuel 
in  a  steel  plant  is  ent)rmous  ancl  the  amount 
of  potential  heat  value,  carried  by  this  fuel,  that  is  not 
fully  utilized  should  to  us  at  all  times  seem  to  be  too 
great.  We  should  indeed  be  remiss  in  our  endeavor 
if  we  did  not  consider  the  fuel  practice  obtained,  even 
though  relatively  satisfactory,  as  standing  in  need  of 
improvement;  tliere  is  no  doubt  that  even  what  is  well 
done  could  be  done  a  little  lietter.  In  a  plant  like  ours 
where  up  to  150  million  cu.  ft.  of  coke  oven  gas  and 
between  800  and  900  million  cu.  ft.  uf  blast  furnace 
gas  are  daily  produced  and  in  addition  over  2000  tons 
of  coal  are  converted  into  producer  gas  the  unavoidable 
losses  represent  a  great  money  value :  and  in  spite  of 
the  constant  and  conscientious  efforts  of  the  manage- 
ment to  minimize  it.  the  waste  mounts  high  when 
translated  into  lbs.  of  coal  equivalents.  We  are,  all  of 
us.  trying  our  hardest  to  combat  this  condition,  even 
if  our  efforts  often  show  very  discouraging  results. 
But  while  it  is  only  the  practical  results  that  count  and 
theorizing  often  leads  us  to  try  to  find  excuses  instead 
of  remedies,  nevertheless  it  is  only  through  the  cor- 
rect ai)i)lication  of  theories  (which  themselves  should 
be  based  entirely  on  practical  results),  that  practical 
results  are  obtained.  They  are  evolved  from  experi- 
ence, but  so  many  factors  play  in  that  the  deductions 
drawn  from  this  experience  sometimes  may  stand  m 
need  of  correction.  It  is.  as  I  understand  it,  one  of  the 
objects  of  the  Combustion  Section  of  the  Association 
of  Iron  and  Steel  Electrical  luigineers  to  have  its 
members  bring  such  questions  under  discussion  for  the 
])urpose  of  getting  a  better  understanding  of  some  of 
the  phenomena  that  rule  combustion. 

The  prime  object  of  our  work  is  to  cut  down  fuel 
consumption,  to  obtain  perfect  combustion  with  a  min- 
imum surplus  of  air.  In  our  i)ursuit  of  this  goal  we 
should,  of  course,  direct  our  efforts  to  find  improved 
methods  and  means  for  producing  such  a  combustion. 
and  there  is  a  large  room  for  improvement  in  the  de- 
sign of  burners,  furnaces,  etc.  But  we  should  never 
lose  sight  of  the  fact  that  these  are  only  tools,  and 
that  the  handling  of  the  same  in  the  most  efficient  way 
is  of  greater  importance,  that  the  operator  must  know 
how  to  regulate  his  fuel  and  air  supply,  his  furnace, 
burner  or  "producer  in  as  eff'ective  manner  as  possible. 
But  the  operator  will  not  be  able  to  do  this  unless  he  is 
familiar  with  the  true  theories  governing  his  special 
liroblem  of  combustion.  Whether  he  knows  them  or 
not,  he  will,  if  he  is  conscientious,  get  satisfactory  re- 
sults as  long  as  everything  is  running  normally,  but  if 
ignorant  of  these  theories  he  will  not  be  able  to  meet 
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an  emergency.  Proceeding  from  wrong  conclusioiis, 
he  is  apt  to  apply  the  wrong  remedy.  He  is  like  a  man 
groping  his  way  in  a  fog;  as  long  as  he  tra\els  his 
beaten  ])ath  in  familiar  surroundings  he  will  get  on  ; 
but  place  an  obstacle  in  his  way  that  forces  him  out  of 
his  path  and  he  is  lost.  It  is  up  to  us  combustion  en- 
gineers to  spread  the  light  that  will  penetrate  the  fog, 
t)Ut  to  do  this  we  must  know  ourselves  where  the  light 
is  and  how  to  handle  it. 

It  might  then  be  said  that  it  is  nut  so  much  normal 
as  aijnormal  coinbustion  conditions  which  should  be 
the  oliject  of  our  studies.  But  the  passage  from  a 
noinial  to  an  abnormal  condition  is  gradual,  and  con- 
sequently not  easy  to  detect  by  casual  observation. 
We  have  nowadays  at  our  disposition  a  great  variety 
of  measuring  and  recording  instruments  which  are  of 
a  great  help  and  which  have  done  much  to  reduce  fuel 
waste  because  they  can  tell  us  more  accurately,  than 
the  eye,  how  everything  is.  They  are  as  important 
to  us  as  the  barometer,  the  compass  and  the  sextant 
to  the  skipper  who.  without  them,  would  be  lost. 

But  even  though  these  instruments  can  tell  us  and 
the  ()])erator  when  a  condition  becomes  abnormal,  there 
are  instances  when  we  can  not  directly  from  them  de- 
tect what  caused  this  condition,  which  is  the  only  thing 
that  reall}'  counts.  It  becomes  necessary  for  us  to 
examine  closer  into  the  process  of  combustion,  and 
the  means  at  our  disposition  for  such  an  examination 
is  the  old  standby,  the  gas  analysis. 

It  is  niv  intention  with  this  pajjcr  to  discuss  the 
significance  of  gas  analyses  or.  more  exactly,  to  advo- 
cate the  better  utilization  of  one  kind  of  gas  analysis, 
the  waste  gas  analysis,  and  warn  against  the  indis- 
criminate use  of  another  kind,  the  producer  gas  anal- 
ysis. In  connection  with  this  latter  question  I  will 
also  ]iresent  some  viewi)oints  on  the  im])ortant  but 
often  side-tracked  function  held  by  those  constituents 
of  the  producer  gas  which,  being  condensable,  escape 
our  analyses,  and  lay  before  you  the  result  of  some  in- 
vestigations into  the  nature  nf  these  tarry  vajjors. 

Waste  Gas  Analysis. 

I'\)r  metallurgical  pur])oses  the  gaseous  fuels  are 
used :  blast  furnace  gas.  coke  oven  gas  and  producer 
gas.  Their  heat  value  and  the  efficiency  of  their  com- 
bustion is  judged  from  analyses  and  from  the  heat 
balance  indicated  by  them  ;  heat  balance  meaning  the 
heat  delivered  to  and  usefully  absorbed  liy  the  place  of 
combustion,  or  the  difference  between  the  heat  devel- 
oped in  the  combustion  plus  the  sensible  heat  in  the 
gas  and  the  air  (if  ])rcheated)  minus  the  sensible  heat 
carried  away  by  the  waste  gases. 

.\  com])lete  heat  balance  involves  so  many  factors, 
that  it  to  a  large  extent  depends  on  guess  work  or 
arbitrary  assumption.s — its  value  is  consequently,  to 
say  the  least,  questionable.  To  make  up  such  a  heat 
balance,  for  example,  for  a  hot  blast  stove  gas  burner, 
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it  is  necessai}'  tu  obtain  nut  less  tliaii  nineteen  items 
of  information,  each  requiring-  a  series  of  observations 
taken  during  the  same  time.  I  am  tempted  to  say  that 
such  a  feat  has  never  been  really  accomplished.  But 
on  the  other  hand,  the  efficiency  of  the  combusition,  it- 
self, the  more  or  less  correct  manner  in  which  the  fuel 
and  its  air  supply  is  handled  by  the  operator,  can  be 
judged  exactly  from  an  analysis  of  the  gas  and  an 
analysis  of  the  products  of  combustion,  provided  that 
both  samples  are  taken  simultaneously,  not  the  one 
immediately  after  the  other. 

It  is  clear,  that  the  highest  efficiency  is  developed 
when  all  the  combustibles  in  the  gas  and  all  the  oxygen 
in  the  air  are  consumed,  leaving  in  the  waste  gases 
nothing  but  CO,,  N^  and  HoO.  This  means  a  100  per 
cent  reaction  and  is  in  practical  operation  not  attain- 
al)le.  The  fuel  is  burnt  either  with  an  oxidizing  flame, 
with  a  sur]5lus  of  air,  indicated  by  the  presence  of  oxy- 
gen in  the  waste  gas  analysis,  or  with  a  reducing  flame, 
the  air  supply  being  below  requirements  so  that  com- 
bustibles are  carried  awa}-  with  the  waste  gases  and 
appear  in  their  analysis.  It  also  happens  that  both 
oxj-gen  and  comliustible  gases  at  the  same  time  occur 
in  the  waste  gases.  In  the  latter  two  cases  a  direct 
comparison  between  the  two  analyses  is  not  possible, 
the  composition  of  the  waste  gases  can  not  be  calcu- 
lated directly  from  the  gas  analysis.  Under  these  con- 
ditions it  has  been  customary  to  figure  the  waste  gases 
produced  on  the  assumption  that  all  the  carbon  in  the 
original  gas  is  found  in  the  waste  gas,  the  volume  of 
the  latter  comparing  with  the  volume  of  the  former 
as  the  COo  that  would  have  been  produced  by  com- 
plete combustion  compares  to  the  COo  in  the  waste 
gas  analysis  plus  the  CO..  that  would  have  been  pro- 
duced by  the  unburnt  combustibles. 

Now,  very  often  in  metallurgical  operation  the 
waste  gases  contain  CO^  which  is  not  derived  from  the 
fuel.  When  this  occurs  there  exists,  at  least  to  the 
writer's  knowledge,  no  published  method  by  which  the 
combustion  process  can  be  calculated.  It  is  the  pur- 
pose of  this  paper  to  set  forth  a  series  of  simple  formu- 
las which  will  assist  in  solving  such  problems. 

Complete  Combustion. 

For  the  numerical  examules  introduced  in  the 
pa])er  or  in  the  appendices  attached  to  it  I  have  been 
using  the  standard  values  for  chemical  reactions.  As 
a  help  to  anybody  who  may  want  to  check  my  calcula- 
tions I  have  collected  these  \'alues  in  a  table  which  ap- 
]iears  in  Appendix  No.  1. 

I  have  assumed  that  the  air  by  volume  contains  21 
per  cent  oxygen  and  79  per  cent  nitrogen,  and  that 
accordingly  one  cubic  foot  of  oxygen  in  the  air  is  as- 
sociated with  3.762  cubic  feet  of  nitrogen,  making 
4.762  cubic  feet  of  air.  The  high,  or  gross  heat  values 
are  used  for  blast  furnace  gas  and  coke  oven  gas,  be- 
cause corroborative  calorimetrical  tests  are  generally 
made  with  these  gases.  For  producer  gas  the  lower 
or  net  values  are  mostly  used,  as  this  gas  is  not  tested 
by  calorimeter.  This  is,  of  course,  not  a  rule  laid  down, 
only  an  explanation  of  my  method  of  calculation. 

To  determine  the  efficiency  of  a  burner  or  a  furnace 
operation  we  have  obtained  our  two  gas  samples,  the 
waste  gas  sample  being  collected  at  a  point  where  any 
danger  from  outside  influence,  air  leakage  for  example, 
is  as  far  as  possible  eliminated.  If  the  analysis  of  the 
waste  gas  does  not  show  any  combustibles  present, 
the  chances  are  that  oxygen  is  found.  The  question 
then  naturally  is :  how  much  surplus  air  has  been 
admitted?     It  will  be  necessarv  first  to  calculate  the 


requirements  and  results  of  a  theoretically  perfect  com- 
bustion. Having  thus  obtained  the  volume  of  the  prod- 
ucts of  combustion,  neglecting  the  condensilile  mois- 
ture, the  amount  of  air  present  in  the  waste  gases,  as 
indicated  by  a  certain  percentage  of  oxygen  and  the 
total  volume  of  waste  gases,  is  obtained  by  means  of 
the  following  formulas: 

(l;      A  =  ^:V,=   ''^ 


21 -a  21-a 

\\  lu-n    .\   =  amount  of  surplus  air. 

1'   =   products  of  complete  comlnistion 
(minus  moisturej. 
W   =  total  amount  of  waste  gas  =  ^\  -^  P. 
a   =  percentage  of  oxygen  in  waste  gas. 
A])pendix  No.  2  gives  an  example  of  such  a  calcu- 
lation when  the  fuel  was  blast  furnace  gas.     100  cubic 
fe_et  of  this  gas  required  71.4.^  cu.  ft.  of  air  and  gave 
153.43  cu.  ft.  of  waste  gases  (not  counting  the  H2O). 
The  waste  gas  analysis  showed   1.8  per  cent  oxygen, 
which  meant  that  the  waste  gases  contained   14.38  cu! 
ft.  surplus  air  corresponding  to  a  surplus  of  20  per  cent 
that  the  total   amount  of  waste  gases  produced  from 
100  cu.  ft.  of  gas  was  167.81  cu.  ft.  to  which,  of  course, 
has  to  be  added  the  amount  of  water  vapor  calculated 
from  the  gas  analysis  plus  the  moisture  contained   in 
100  cu.  ft.  of  gas  and  85.81  cu.  ft.  of  air. 

Incomplete  Combustion. 

The  usual  method  of  figuring  the  volume  of  the 
waste  gases  when  the  combustion  has  been  incomplete, 
from  the  carbon  contents  does  not  need  any  demonstra- 
tion here  because  this  method,  as  stated  in  the  intro- 
duction, can  not  be  employed  if  any  carbon  dioxide 
has  been  added  to  the  waste  gases'  from  any  other 
source  than  the  fuel  gas  itself,  as  usually  is  the  case  in 
an  open  hearth  funrace.  Besides,  it  offers  no  advan- 
tages over  the  one  I  am  going  to  submit  and  which  is 
based  on  the  air  present,  whether  used  for  combustion 
or  left  as  a  surplus  in  the  waste  gases.  The  formula 
may  appear  unwieldly  and  downright  formidable.  But 
in  the  by  far  greater  majority  of  cases  most  of  the 
factors  in  the  formula  will  be  eliminated  as  not  appear- 
ing in  the  analysis. 

Composition  of  Waste  Gas 
Analysis  Volume 
CO, 
C,H4 
CO 
H,, 
CH, 
C„H„ 
N., 
O.. 


Composition 

of  Fuel  Gas 

Analysis 

CO., 

a7o 

QH, 

hfo 

CO 

c% 

H, 

d% 

CH, 

e% 

C,,H„ 

f% 

N.. 

g% 

0.; 

0% 

h:.s 

s% 

h% 
j% 

k% 

1% 

m% 

n% 

P% 


(2)       w  = 


100% 

y  +  V  —  o 


X   +   Z  —  (| 


if  X 


100% 
21 


hw 
jw 
kw 
Iw 
mw 
nw 
pw 
qw 

lOOw 


79 


P  ;     V  =  — - 


21 
79 


=  3b  H 1 h  -e  -f  7i4f  +  1  i/,s 


y^  =  y]+  —  +  -  +  2m  +  7^n 

After  the  xnUime  of  the  waste  gases  in  this  manner 
has  been  established,  other  information  wanted  is  ob- 
tained by  the  following  equations : 
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{i)      .\ir  ijitsciit ;     Ap  ::= 


100  (pw  —  g) 

7') 


(4)     Sur]>lu.s  air:    A.s  — 


100  q  w 
21 


(5)     .\ir  iK-(.-il(.<l  l(ii' 


luinplutc  CDinbu.sliuii 
100   (y  —  u) 


(6)      L'scful  air  : 

All  =  At)  —  .\.-^  = 


n 


lOU   (y 


Z\V  U) 


21 


(7)  Co.  addilioii  =  w  ( h  4-  2j  +  k  -f-  in  -f  611) 

—  (a  +  21)  +  c  +  e  +  6f) 

III  .\])])cnclix  Xo.  3  tlie  derivation  nf  the  tunnnlas 
is  ex])lained  and  the  application  of  the  same  is  illus- 
trated hv  a  couple  of  examples  with  check-ups  which 
prove  the  correctness  of  the  formulas. 

As  it  is  not  necessary,  when  using  this  method  for 
calculating  the  waste  gases,  to  figure  the  results  of 
a  theoretical  combustion,  hut  it  always  is  required  to 
know  the  amount  of  water  vapor  ])roduced.  the  same 
will  be  obtained  by  means  of  the  following  formula  : 

(8)  H.,0  =  (2b  +  d  +  2e  -f  3f  +  2s)  — 

w  (2j  +  1  +  2m  +  3n) 

\\  ith  the  assistance  of  these  formulas  any  waste 
gas  analysis,  no  matter  what  it  contains  or  in  what 
manner  the  COo  has  been  produced,  can  be  translated 
into  cubic  feet,  providing  an  analysis  of  the  fuel  gas 
has  been  taken  simultaneously  with  the  waste  gas 
analysis.  It  is,  consequently,  no  longer  necessary  to 
arrive  to  your  deductions  b_\'  guessing.  You  will  know 
positively  how  great  a  percentage  of  the  combustibles 
in  the  gas  has  passed  unconsumcd  through  the  furnace 
or  how  great  the  surplus  of  air  has  been  or  what  per- 
centage of  the  COo  has  been  added  to  the  gases  from 
the  material  in  the  furnace.  In  this  way  it  will  also 
serve  as  a  check  on  the  analysis  itself. 

Producer  Gas  Analysis. 

As  just  stated,  it  is  at  all  times  necessary  to  give 
proper  attention  to  the  amount  of  condensible  matter 
in  the  gases  which  the  analyses  unfortunately  neglect. 
This  necessity  becomes  still  more  important  when  the 
(|uestion  is  of  producer  gas  which  always  carries  in  ad- 
dition to  water  vapor  a  certain  amount  of  so-called 
tarry  vapors,  products  of  the  distillation  of  the  volatile 
matter  of  the  coal,  which  can  not  be  analytically  de- 
termined. Writers  on  the  subject  generally  satisf)' 
themselves  with  calling  attention  to  their  existence 
and  then  forget  them,  continuing  the  discussion  as  if 
producer  gas  was  non-condensable  like  blast  furnace 
gas  or  coke  oven  gas. 

It  is  the  object  of  the  following  part  of  the  paper 
to  make  clear  how  erroneous  the  conclusions  might  be 
which  are  drawn  under  the  assumption  that  the  ordi- 
nary producer  gas  analysis  shows  up  a  hundred  per 
cent  of  the  gas  generated  from  the  coal  in  the  pro- 
ducers. 

The  writer  has  given  this  phase  of  the  fuel  prol^lcm 
considerable  study  and  succeeded  to  construct  from 
analyses  the  probable  composition  of  the  volatile  mat- 
ter in  Indiana  Coal,  from  the  Clinton  district.  It  would 
require  too  much  space,  and  be  partly  outside  the  sub- 
ject, to  repeat  in  detail  the  methods  employed ;  and  I 


will,  therefore,  content  myself  with  saying  that  a  dou- 
ble cross-checking  of  the  result  obtained,  verified  the 
same  remarkably  well. 

'I'he  laboratory  analysis  of  the  coal  in  (luestion  gives 
tin-  following  composition: 

\'olatile  matter  35.51%  L'ltimatc  .Analysis 

Fixed  carbon  48.28  Total  carbon       67.91% 

Ash                          9.41  Hydrogen  4.57% 
Moisture                6.80 


100.00%o 

The  constituents  of  the  volatile  matter  determined 
b\-  a  series  of  analyses  and  with  the  assistance  of  anal- 
ogies from  analyses  of  similar  coals  made  by  the  Bu- 
reau of  Mines  were  as  follows : 

Condensal)le  hydro-carbons  10.052% 

Permanent  gases  18.262% 

.Xeutral  condensates,  H.O  and  H,.\  7.196%c 


35.510 

(Jur  method  of  taking  producer  gas  samples  is  to 
collect  them  unknown  to  the  gas  makers  regardless 
of  the  conditions  of  the  producers,  so  as  to  get  as  true 
an  average  as  possible  and  not — as  too  often  is  the 
case — a  series  of  analyses  that  look  very  attractive  on 
])aper  but  mean  nothing  to  the  one  that  supervises  the 
operation  of  the  producers. 

.Selecting,  for  the  purpose  of  proving  my  suspic- 
ions, with  regard  to  the  true  value  of  an  analysis,  the 
latest  50  analyses  taken  as  a  daily  routine  work  at  our 
open  hearth  furnaces,  1  obtained  an  average  composi- 
tit)n  of  the  gas  jiroduced  from  this  coal  of: 


CO., 

8.0% 

C...H, 

0.4%.> 

CO 

20.3% 

H., 

8.1% 

CH, 

2.6%^ 

The  average  low  heat  value  was  118  Btu. 

A])pendix  No.  4  gives  more  in  detail  the  composi- 
tion of  the  coal  and  the  composition  of  the  gas. 

The  gas  is,  as  everybody  knows,  produced  from  the 
coal  partly  through  direct  gasification  of  the  fixed  car- 
bon by  the  blast  (a  mixture  of  air  and  steam)  and 
jiartly  through  distillation  of  the  volatile  matter.  In 
addition,  secondary  reactions  of  varying  nature  have 
taken  place,  stabilizing  the  hydrocarbons  in  the  vola- 
tile matter  into  gases  that  are  permanent  in  heat.  These 
processes  may  be  considered  either  as  a  series  of  pyro- 
genetic  reactions,  whereby  the  hydro-carbons,  at  the 
high  temiR-rature  prevailing,  are  condensed  into  higher 
compounds  and  free  carbon,  or  cracked  up  into  more 
simple  non-condensable  compounds  and  free  hydro- 
gen, or  else  as  direct  reactions  between  the  hydro-car- 
bons and  the  distillation  products  (particularly  CO.., 
and  H;0  and,  of  course,  oxygen  if  due  to  a  thin  fuel 
bed  or  channels  in  the  same,  the  oxygen  has  not  all 
been  absorbed  in  the  gasification  zone),  forming  CO 
and  H...  A  true  understanding  of  these  reactions  are 
of  highest  importance  in  the  correct  operation  of  a 
producer  and  they  offer  a  wide  field  of  study  which, 
however,  is  outside  the  scope  of  this  paper.  I  will, 
therefore,  content  myself  to  call  the  attention  to  them. 

In  considering  the  influence  of  these  secondary 
reactions  on  the  composition  of  the  gas,  we  might  as- 
sume three  possibilities: 
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1.  That  only  the  first  kind  of  reactions  takes  place, 
viz :  that  all  the  tarry  vapors  enter  the  gas  as 
stable  hydro-carbons 

2.  That  only  the  second  kind  of  reactions  takes 
place,  viz :    that  all  the  tarry  vapors  are  broken 

up  and  converted  into  permanent  non-condens- 
able gases,  so  that  the  gas  analysis  represents 
hundred  per  cent  of  the  gas  produced. 

3.  That  both  kinds  of  reactions  occur  simultane- 
ously, the  preponderance  of  the  one  or  the  other, 
depending  on  operating  conditions,  but  with  the 
result  that  the  gas  always  contains  some  con- 
densable hydro-carbons  and  the  gas  anlaysis 
consequently  does  not  represent  all  the  gas. 

It  being  generally  conceded  that  the  gas  receives  its 
luminosity  from  the  hydro-carbons  and  that  this  lumi- 
nosity is  of  highest  importance,  at  least  in  open  hearth 
practice,  it  follows  that  the  quality  of  the  gas  is  im- 
proved to  the  degree  in  which  the  first  kind  of  reactions 
dominate. 

Now,  there  may  exist  a  difference  of  opinion  on 
this  question,  in  a  paper  recently  read  before  the 
American  Society  of  Mechanical  Engineers  not  only 
the  need  of  luminosity  in  gas  used  at  open  hearths  was 
questioned,  but  the  author  tried  to  prove  that  the 
tarrj-  vapors  in  the  gas  had  nothing  with  the  luminosity 
to  do.  But  i  take  the  stand  that  luminosity  is  a  ne- 
cessity and  that  while  luminosity  might  be  obtained 
in  other  ways,  it  is  imparted  to  producer  gas  practically 
altogether  from  the  hydro-carbons  in  the  gas  which 
dissociate  in  the  flame  precipitating  solid  carbon,  which 
not  only  when  brought  to  a  white  glow  gives  off  a 
dazzling  light  but  being  equal  to  the  so-called  "perfect 
black  body,"  possesses  greater  radiating  power  than 
any  other  solid.  The  author  referred  to  presents  some 
figures  to  prove  "that  the  illuminants  in  the  gas  are 
non-essential."  Now,  against  this  statement  1  want 
to  call  your  attention  to  the  fact  that,  as  everyone  un- 
fortunately is  fully  aware,  the  waste  gases  from  a  fire 
where  coal  or  a  gas  produced  from  coal  is  the  fuel, 
might  issue  from  the  stack  as  a  dense  black  smoke. 
This  color  of  the  smoke  is  due  to  soot  or  carbon  par- 
ticles dissociated  from  hydro-carbons  in  the  flame,  but 
for  one  reason  or  other  cooled  below  their  ignition 
point.  No  matter  how  bad  the  combustion,  it  must  be 
assumed  that  never  100  per  cent  of  the  carbon  in  the 
gases  leaves  the  combustion  chamber  unconsumed, 
that,  in  other  words  this  soot  in  the  waste  gases  repre- 
sents only  a  fraction,  even  if  it  is  a  large  one,  of  the 
carbon  present  in  the  flame,  and  there  heated  to  the 
temperature  of  the  flame.  It  is  claimed  that  the  actual 
carbon  in  dense  black  smoke  amounts  to  1  per  cent 
of  the  carbon  in  the  coal  and  that  this  carbon  under  the 
microscope  appears  as  clusters  of  small  particles  about 
0.000002  in  diameter. 

I  think  everybody  will  agree  that  these  clusters,  or 
visible  smoke  particles,  will  pass  through  a  hundred- 
mesh  sieve,  if  they  are  not  smaller.  It  is  easy  to  cal- 
culate that  under  this  assumption  every  cubic  foot  of 
waste  gas  at  the  top  of  the  stack  (temp.  =  300  deg.  F.) 
would  contain  about  5,400  such  particles,  evenly  dis- 
tributed in  the  gas.  Assuming  on  the  other  hand  a 
producer  gas  of  ordinary  quality  or  one  with  half  of 
its  tarry  vapors  destroyed  in  gasification  (about  which 
more  later  on)  and  that  one-half  of  the  remaining  tarry 
vapors  are  lost  in  the  mains  and  checker  chambers, 
which  is  an  extravagant  assumption,  then  in  the  com- 
bustion of  this  gas  with  air  in  excess  creating  a  tem- 


perature of  3,300  deg.  F.  each  actual  cubic  foot  of  the 
gas  mixture  in  the  furnace  will  according  to  the  same 
method  of  calculation,  contain  about  4,400  such  carbon 
particles,  pretty  near  as  many  as  those  which  in  a  cold 
state  were  able  to  color  the  waste  gases  black.  The 
open  hearth  furnace  chamber  would  then  hold  about 
15,000,000  incandescent  specks  of  carbon  emitting  a 
brilliant  white  light ;  and  I  am  sure  that  it  could  safely 
be  assumed  that  they  would  produce  some  luminosity. 
Without  a  question  of  doubt,  the  carbon  particles  in 
the  gases  in  the  furnace  are  many  times  smaller  and 
coagulate  to  the  visible  size  in  which  they  appear  at 
the  top  of  the  stack  during  the  passage  through  the 
flues,  and  consequently  it  may  be  assumed  that  the 
number  of  luminous  specks  in  the  furnace  chamber  is 
too  large  to  be  expressed  in  figures. 

Having  made  this  digression  to  strengthen  my 
statement  that  the  producer  gas  receives  its  luminosity 
from  the  hydro-carbons,  I  might  take  up  the  argu- 
ment where  I  left  off  and  say  that  it  follows  that  the 
quality  of  the  gas  is  improved  to  the  degree  in  which 
the  tarry  vapors  in  the  volatile  of  the  coal  are  converted 
into  stable  hydro-carbons.  The  question  then  pre- 
sents itself:  Can  the  ordinary  gas  analysis  tell  us 
whether  the  hydro-carbons  are  more  or  less  preserved 
in  the  gas? 

I  am  sure  that  the  majority  of  combustion  engineers 
will  answer:  "Yes,  the  higher  Btu.  in  the  gas,  the 
higher  is  its  quality.'  This  is  probably  correct  in  a 
general  way,  but  I  claim  that  it  is  not  necessarily  so, 
and  that  very  often  a  gas  with  a  fine  looking  analysis  is 
defunct  in  hydro-carbons.  In  other  words,  I  claim 
that  it  is  absolutely  impossible  to  tell  from  the  gas 
analysis  whether  the  hydro-carbons  in  the  tarry  vapors 
have  been  preserved  or  destroyed. 

To  prove  this  statement  I  have  set  forth  in  .Appen- 
dix No.  5  a  series  of  detailed  calculations  based  on  the 
analyses  of  coal  and  producer  gas  which  I  quoted  be- 
fore. You  will  see  from  these  calculations  that  the 
very  same  analysis  can  be  obtained  whether  all  the 
hydro-carbons  have  been  destroyed  and  converted  into 
fixed  gas.  whether  they  are  all  preserved  but  stabilized 
or  whether  part  of  them  are  destroyed  and  part  of  them 
preserved.  The  gas  produced  from  one  pound  of  coal 
according  to  the  one  or  the  other  condition  might  have 
identically  the  same  analysis,  but  its  physical  proper- 
ties are  decidedly  different  as  the  following  table  will 
show : 

G.AS  PRODUCEiD  FROM  ONE  POUNiD  OF  CO.\L 

Cu.  Ft.  Cu.  Ft.  Cu.  Ft.  Btu. 

Fixed       Tar      Water    Total       per      Total 
Gas      Vapors  Vapor  Cu.  Ft.  Cu.  Ft.    Btu.. 
Case   1  : 

All  tar  vapors 
destroyed     ..     66.3  ...  9.1         75.4        103.7       7822 

Case  2: 

All  tar  vapors 

preserved     , .     56.9  0.3         9.3        66.5        127.7      8490 

Case  3: 

50%  tar  vapors 

preserved     .,      61.9  0.15        9.2         71.0        114.9       8156 

Not  only  is  the  total  heat  value,  obtained  from  one 
Ijound  of  coal,  considerably  lessened  as  the  tar  vapors 
are  cracked  up  and  fixed  but,  what  is  very  much  more 
important,  the  actual  heat  value  per  cubic  foot  when 
the  moisture  is  considered,  is  in  reality  not  118  Btu. 
but  might  be  as  high  as  127.7  Btu.  or  as  low  as  103.7 
Btu.  And  to  this  you  must  add  the  heat  transfer  ca- 
pacity, the   radiating  power  of  the  gas,   which,  as   I 
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liDpe  I  have  proved,  depends  entirely  im  the  tarry 
\apors  presci"\ed.  or  more  correctly,  on  the  aniuiini 
of  condensed  hydro-carbons  contained  in  the  gas. 

Xo  donbl.  the  majority  of  comlnistion  engineers 
has  some  time  been  ])nzzle<l  by  the  ap])arently  ano- 
malous fact  that  a  gas  having  a  good  analysis  biirnl 
with  a  thin  tlame  lacking  "body"  while  another  furnace 
liad  a  sharp,  quick-working  flame,  although  the  gas 
analyzed  lower.  The  data  presented  here  ought  to 
give  a  satisfactory  exi)lanation  to  such  puzzles  and 
substantiate  my  claim  that  the  analysis  of  the  gas  docs 
not  offer  any  indication  of  to  what  degree  the  tar  va- 
pors remain  in  the  gas.  It  might  be  possible,  although 
iiighly  imjjrobable,  that  the  gas  production  has  fol- 
lowed the  lines  of  Case  No.  1  with  all  the  vapors  re- 
duced to  fixed  gas.  .Again  it  might  be  possible,  al- 
though just  as  improbable,  that  all  the  tarry  vapors, 
according  to  Case  No.  2.  remain  as  hydro-carbons  in 
the  gas.  Neither  is  there  anything  to  warrant  the  as- 
sumption that  the  gasification  takes  ])lace  exactly  ac- 
cording tt)  Case  No.  .^  on  a  fifty-fifty  basis.  It  might 
be  75  per  cent  or  more  either  way.  But  as  long  as  any 
assumption  has  to  be  made,  this  condition  might  ju.'-t 
as  well  be  accepted  because,  as  shown  in  the  following, 
it  offers  some  simple  figures  to  be  used  in  the  calcula- 
tions, and  it  is  close  enough  so  that  the  results  of  tiie 
calculations  need  not  be  misleading. 

The  (|uestion  naturally  presents  itself;  If  the  qual- 
ity of  the  gas  chiefly  depends  on  the  j^resence  of  hydro- 
carbons and  the  gas  analysis  can  not  tell  anything 
about  it  and  consequently  is  not  a  de])endable  indicator 
of  the  (|uality.  what  is  then  the  use  of  a  gas  analysis? 
My  answer  is.  that  gas  analyses  are  nevertheless  very 
useful,  as  long  as  they  are  used  with  discrimination, 
Thev  are,  to  begin  with,  indispensable  in  any  calcula- 
tions concerning  combustion.  They  will,  furthermore, 
give  a  good  relative  comparison  of  the  oi)eration  of  the 
mdividual  ]iroducers  in  a  plant  where  the  producers  are 
of  the  same  type  and  operate  on  the  same  kind  of  coal. 
Besides,  it  is  possible  by  means  of  gas  analvses,  if 
taken  in  a  certain  way,  to  determine  the  real  qualit\- 
of  the  gas,  \iz :  whether  the  majority  of  the  hydro-car- 
bons are  destroyed  or  remain  in  the  volatile. 

In  a  gas  producer  of  the  usual  design  the  secondary 
reactions  cracking  up  the  hydro-carbons  into  fixed 
gas,  are  generally  caused  by  CO.,  and  I1„0  attacking 
the  hvdro-carbons  forming  CO  and  H,,  according  to 
the  simplified  formulas:  CH,  +  CO,  =  2CO  +  2H., 
and  CH,  +  H,0  =  CO  -}-  3H,„  in  which  formulas  any 
parrafin  can  be  inserted  in  the  place  of  CH^.  These 
reactions  occur  probably  at  all  times  to  some  extent, 
but  to  make  them  really  destructive  the  CO,  and  HoO 
must  be  present  in  excessive  quantities,  which  will 
happen  when  the  fuel  bed  is  thin  and  full  of  holes  and 
channels.  The  steam-air  blast  will  not  have  time  to 
function  ])roperly :  the  gasification  will  be  very  uneven 
and  the  gas.  in  spots,  contain  principally  CO,,  imde- 
composed  H„0  and  even  oxygen.  It  is  this  gas  rising 
through  the  channels  that  destroys  the.  hydro-carbons 
and  give  the  gas,  when  sampled  in  the  main,  the  false 
a])pearance  of  being  the  result  of  a  good  gasification 
although  the  contrary  is  the  case.  The  correctness  of 
this  theory  we  have  proved  through  a  series  of  gas 
samples  collected  inside  the  producer  about  a  foot 
aliove  the  fuel  bed,  three  short-time  samples  being 
taken  simultaneously,  one  close  to  the  side,  one  at 
the  center  and  one  half  way  in.  .As  the  time  does  not 
permit  any  detailed  discussion  of  the  very  interesting 
results  of  the  test,  I  will  content  myself  with  saying 


that  the  test  covered  all  conditions  possible,  the  fuel 
bed  being  deliberately  allowed  to  take  care  of  itself; 
that  is  to  say,  the  producer  was  run  at  the  ordinary 
rate  without  any  poking,  and  with  intermittent  filling, 
so  as  to  get  an  uneven  fuel  bed.  It  was  found  thai 
when  the  jiroducer  was  in  a  normal  condition  the  three 
sets  of  samjjles  averaged  about  the  same,  but  that 
when  channels  were  formed  the  sample  from  the  peri- 
]}hery  or  the  one  from  the  center,  and  sometimes  both, 
analyzed  very  low.  Out  of  155  sets  of  samples  or  465 
samples  in  all,  136  had  a  heat  value  below  80  Btu.  and 
82  less  than  50  Btu.  Of  these  82  samples  67  had 
\ery  high  CO,  contents,  an  average  of  15.4  ])er  cent. 
5  had  an  average  ui  16.7  per  cent  O,  and  10  about  the 
same  amount  of  CO,  and  O,  (average  8.3  per  cent 
C(l,  and  7.5  per  cent  O,)  ;  in  neither  could  any  dissocia- 
tion of  steam  have  occurred.  Comments  are  really 
superfluous ;  a  gas  of  such  a  composition  even  though 
coming  only  from  a  small  part  of  the  fuel  bed  surface 
will  necessarily  have  a  disastrous  influence  on  the 
\i>lalile  matter  distiled  oft  from  a  considerable  area 
;i<ljacent  to  the  hole  in  the  fuel  bed. 

Testing  individual  producers  in  this  manner  with 
three  simultaneous  samples  at  various  points  inside 
the  producer  will,  without  (piestion,  tell  the  condition 
of  the  fuel  bed  and  the  quality  of  the  gas.  \\'e  have 
found  this  method  of  testing  to  have  a  distinct  practical 
\alue,  jiarticularly  ior  mechanical  producers.  For  ex- 
ample, having  once  reasons  to  suspect  that  the  gas 
from  a  set  of  producers,  although  its  anaU^sis  appar- 
i  iitly  was  satisfactory,  yet  lacked  in  qualit)-,  gas  sam- 
])les  were  taken  from  all  the  producers  in  this  manner. 
The  center  samples  from  one  of  the  producers  showed 
;i  \ery  low  Btu,  value,  indicating  a  thinner  fuel  bed 
at  the  center,  due  obviously  to  faulty  coal  tlistribution. 
The  distributor  was  examined  and  a  corner  was  found 
to  be  broken  off;  after  repairs  had  been  made  the  qual- 
itv  of  the  gas  was  restored  to  its  normal  high  mark. 

But  while  it  thus  is  possible  to  judge  the  presence 
of  the  tarry  vapors  in  the  gas  from  gas  analyses,  the 
method  imposes  additional  work  on  the  laboratory  and 
is  not  suitable  for  everyday  routine  work.  I  W'Ould. 
therefore,  suggest  the  desirability  of  adopting  another 
standard  from  which  the  (juality  of  the  gas  could 
be  judged.  Formerly  illuminating  gas  was  measured 
by  its  candle  power.  \\'ith  the  ad\ent  of  gas  mantles 
and  gas  stoves  the  value  of  the  illuminating  power  be- 
came of  no  consequence,  while  the  heating  power  de- 
termined the  quality  of  the  gas,  and  the  specifications 
were  changed  so  that  they  stipulated  a  certain  Btu. 
value  for  the  gas,  omitting  any  mention  of  the  candle 
power.  Reversely,  I  think  that  the  producer  gas  should 
be  judged  by  its  luminosity  and  not  bj-  its  heating 
value,  at  least  where  open  hearths  are  concerned.  It 
certainly  would  be  a  great  help  to  the  combustion  en- 
gineers, if  an  instrument  were  designed  that  could 
measure  directly  the  luminosity  or  the  radiating  power 
of  the  producer  gas. 

But  returning  to  the  discussion  of  the  condensible 
hydro-carbons,  which  are  distilled  over  into  the  gas, 
they  consist,  whether  all  or  only  a  fraction  remain  in 
the  gas,  of  tarry  vapors  and  benzene  with  a  constant 
percentage  of  carbon  and  hydrogen  for  a  gi\en  kind 
of  coal. 

It  is  indeed  an  interesting  coincidence — if  nothing 
else — that  the  hydro-carbons  in  the  coal  which  I  have 
taken  as  a  basis  for  my  calculations,  closely  correspond 
in  composition  to  naphthalene,  CjOHs,  because  accord- 
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ing  to  all  authorities,  napthalene  is  the  predominant 
hydro-carbon  compound  that  remains  after  the  gas  has 
been  subjected  to  heat.  It  is  itself  nut  affected  by  any 
]iyrogenctic  reactions  but  is  on  the  contrary  the  re- 
sult of  such  reactions  on  other  hydro-carbons.  Pro- 
fessor Berthelot  of  Paris,  the  greatest  authority  on 
the  subject,  has  among  other  pyrogenetic  reactions  pro- 
duced the  following  ones : 

6  CU,    =  QH,  +  9H„ 

2  QH,  =  Q„H«  +  C  -f  2H, 

5  C,H,  =  C,„H«  +  6H, 

QH,  +  2  0,H,  =  CoH,  +  3H, 

In  Appendix  No.  6  I  have  set  forth  more  in  detail 
the  figures  proving  this  statement  and  calculations  of 
the  true  volume  of  the  waste  gas  from  analyses  when 
the  presence  of  the  condensible  hydro-carbons  are 
taken  into  account.  From  them  is  seen  that  while  the 
tarry  vapors  in  actual  \'olume  only  represent  one-quar- 
ter of  one  jjer  cent,  they  nevertheless  are  responsible 
for  1 1  ])er  cent  of  the  heat  value  in  the  gas  and  for 
nearly  7  per  cent  of  the  waste  gases. 

An}'  calculations  as  to  the  products  of  combustion 
based  on  gas  and  waste  gas  analyses,  would  accord- 
ingly be  misleading  unless  due  consideration  is  given 
the  tarry  vapors.  The  exact  amount  of  course  we  have 
nci  means  of  determining,  but  the  assumption  that, 
when  the  producers  are  operating  normally,  at  least 
one-half  of  the  tarry  vapors  are  ]ireser\ed  in  the  gas 
will  give  a  fairly  corect  result. 

When  applying  the  general  formulas,  that  I  pre- 
sented in  Section  2,  to  producer  gas,  the  following  coi- 
rections  should  I)e  made; 


Formula  2 


>■  -f  v  —  o  -f  3 
X  +  z  — q 


3  (cu.  ft.)  re]iresents  the  amount  of  oxygen  required 
by  the  tarry  \apors  per  100  cu.  ft.  dry  gas. 

iM.rnuila  No.  7:   CO..  =  w  (h  -|-  2j  -f  k  -f  m  + 

6n )  —  (a  +  2b  -f  c  +  e  +  6f)  —  2.5 

25  (cu  ft.)  represents  the  amount  of  CO..  produced 
from  tarry  vapors. 

The  necessity  of  entering  the  true  \-olume  of  the 
water  vapor  in  the  waste  gases  into  the  calculations 
offers  another  difficult  problem  as  it  can  not  be  de- 
termined directly,  but  in\olves  a-  knowledge  of  the 
ultimate  analysis  of  the  coal  and  the  amount  of  air  used 
in  gasification.  It  will  never  do  arbitrarilv  to  assume 
a  value  of  the  moisture  that  is  contained  in  the  pro- 
ducer gas  and  it  is  possible  to  derive  at  a  figtire  that 
is  sufficiently  close  so  as  not  to  introduce  any  per- 
ceptible error  in  the  calculations,  \^'^ith  regard  to  the 
moisture  resulting  from  the  combustion,  one  cubic 
foot  should  be  added  to  the  amount  obtained  through 
formula  No.  8,  this  one  cubic  foot  representing  the 
water  vapor  produced  by  the  combustion  of  the  t:irrv 
vajjors. 

In  conclusion  I  want  to  call  attention  to  another 
fact  which  often  is  overloked  :  the  necessity  of  two 
waste  gas  analyses  when  the  problem  concerns  the 
combustion  in  an  open  hearth  furnace,  the  questioi 
lieing  whether  the  ratio  between  the  gas  and  the  air 
is  correct  or  whether  the  combustion  is  performed  in 
a  satisfactorj-  manner.  When  problems  of  this  nr'.- 
ture.  involving  the  combustion  in  the  furnace  proper, 
are  to  be  solved  bv  means  of  gas  analyses  it  will  abso 


Intel)-  not  do  to  collect  the  waste  gas  sample  in  the 
flue  between  the  reversing  valves  and  the  stack  becau;.c 
there  always  is  a  leakage  of  air  into  the  downtakjs 
and  checker  chambers  and  because  there  might  be  a 
short  circuit  in  the  gas  reversing  valve  introducing 
combustibles  in  the  waste  gas.  The  sample  must  be- 
taken as  close  to  the  furnace  proper  as  possible — in 
the  ports  or  downtakes.  But  due  to  the  construction 
of  the  furnace,  where  the  air  and  gas  currents  are  in- 
troduced one  above  the  other  on  more  or  less  parallel 
lines  and  removed  in  a  similar  way,  a  perfect  mixture 
is  seldom  obtained.  A  certain  amount  of  gas  will  sweep 
closely  over  the  bath;  a  certain  amount  of  the  air 
sweeps  along  the  roof ;  between  them  is  a  separating 
blanket  of  waste  gases  and  the  result  is  that  combusti- 
bles will  show  up  in  a  waste  gas  sample  collected  from 
the  gas  downtake,  while  a  simultaneously  collected 
sample  from  the  air-downtake  shows  free  oxygen,  in- 
dicating surplus  air.  Under  normal  operation,  when 
the  ratio  between  gas  and  air  is  close,  this  condition  is 
more  the  rule  than  an  exception.  If  only  one  sample 
is  taken,  either  from  the  air  or  the  gas  downtake,  the 
result  must  be  erroneous;  unless  one  sample  from  each 
of  the  downtakes  is  taken,  simultaneously  with  a  fuel 
gas  sample  (the  sampling  time  of  course  in  all  three 
cases  being  inside  a  reversal  or  not  more  than  10-15 
minutes)  it  is  useless  to  attempt  any  calculations.  It 
is  naturally  pre-supposed  that  the  ratio  in  which  the 
waste  gases  divide  between  the  gas  and  air  ports  has 
been  established  by  observations.  This  ratio  is  probal>ly 
different  from  every  furnace.  In  the  calculations  pre- 
sented in  Appendix  No.  7  I  have  used  a  ratio  of  45  per 
cent  going  through  the  gas  ports  and  55  per  cent 
through  the  air  ports,  figures  that  we  have  obtained 
from  actual  measurement.  These  calculations  show- 
that  the  total  amount  of  waste  gases  produced  was 
232.118  cu.  ft.,  that  the  surplus  of  air  was  10.4  per 
cent  while  the  useful  air  amounted  to  96.4  per  cent  of 
the  air  necessary  for  complete  combustion.  The  ratio 
of  heat  development  will  figure  to  be  95.85  per  cent. 
If  we  had  contented  ourselves  with  one  waste  gas 
analysis,  we  would  have  gotten,  if  we  had  taken  our 
sample  in  the  air  port,  249.374  cu.  ft.  waste  gases  (or 
7.4  per  cent  more  than  actually  produced)  as  a  result 
of  complete  combustion  with  a  surplus  of  air  as  high 
as  27.2  per  cent  while,  if  the  sample  had  been  secured 
from  the  gas  port,  the  result  would  have  shown  214.018 
cu.  ft.  waste  gas'es  (or  only  92.2  per  cent  of  the  actual 
amount)  with  only  91.5  per  cent  of  the  possible  heat 
developed  because  only  92.7  per  cent  of  the  necessary 
air  were  present. 

It  may  seem  inconsistent  first  to  ])oint  out  the  mis- 
take often  committed  by  introducing  assumptions  in 
the  calculations  and  then  to  try  to  prove  my  argument 
against  ordinary  ])roducer  gas  analyses  by  means  of 
an  assumed  quantity  of  tarry  vapors  existing  in  the 
gas.  P)Ut  my  object 'was  to  show  the  great  importance 
of  the  tar  vapors  not  to  produce  a  heatbalance.  In 
the  problems  of  combustion  with  which  most  of  the 
time  we  have  to  deal,  the  question  is  not  about  the 
actual  volumes  nor  of  the  total  heating  value,  but  sim- 
plv  whether  the  combustion  is  going  on  in  an  efficient 
way,  and  whether  the  proportion  of  gas  and  air  is 
satisfactorv.  The  calculations  carried  out  according 
to  mv  method  and  based  on  waste  gas  analyses  col- 
lected at  the  gas  port  as  well  as  at  the  air  port 
simultaneously  with  a  fuel  gas  sample  will,  under 
these  circumstances,  give  a  sufficiently  close  result, 
even    though    the    presence   of   tar   vapors   and    water 
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vapor.s  is  neglecterl,  particularly  as  the  analyses  arc 
presented  with  only  one  decimal  and  it  is  ]ierfecth- 
satisfactory  to  compute  the  figures,  on  wliiili  llic  judg- 
ment is  based,  with  one  decimal  only. 

It  has  been  the  purpose  of  this  paper  to  i;dl  )our 
attention  to  the  fact,  that  any  guess-work  can  be  elim- 
inated from  the  solution  of  ordinary  combustion  prob- 
lems l\v  means  of  waste  gas  analyses,  and  to  present  a 
method  that  will  extend  the  possibility  of  their  appli- 
cation as  it  will  establish  the  relations  between  a  fuel 
gas  and  the  waste  gases  even  when  the  combustion  is 
incomplete  and  part  of  the  CO.  is  derived  from  the 
metal  bath.  1  have  confined  myself  to  gaseous  fuels. 
but  the  formulas  can  easily  be  modified  to  apply  to 
liquid  fuels  as  well,  provided  the  assumption  is  made 
that  they,  during  u  certain  stage  of  the  combustion 
process,  are  gasified  and  dissociated  into  their  elements. 
This  assumption  is  of  course  in  reality  wrong,  but  as 
a  purely  theoretical  chemical  proposition  it  is  permis- 
sible as  the  final  result  of  tlie  calculations  will  be  the 
same. 

It  has  furthermore  been  my  intention  with  this 
paper  to  point  out  the  error  so  commonly  committed  in 
judging  the  quality  and  the  heating  value  of  producer 
sras  entirclv  from  an  analvsis  of  the  fixed  gases  it  con- 


tains, neglecting  the  tary  vapors,  something  that  should 
not  be  excused  with  the  inability  to  determine  their 
amount.  What  is  required  is,  that  side  by  side  of  the 
gas  analysis  another  standard  he  placed,  based  on  the 
luminosity  (candle  power)  of  the  gas.  Should  I  have 
succeeded  in  con\incing  you  of  the  soundness  of  my 
arguments  and  turning  your  attention  towards  this  new 
direction,  we  will  undoubtedly  in  a  short  time  have  a 
practical  apparatus  that  will  gauge  the  contents  of 
tarry  vapors  in  producer  gas;  and  another  step  would 
then  be  taken  forward  to  a  more  efficient  application 
of  fuel  for  metallurgical  purposes. 
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ill'",  internal  coinl)u>tion  engines  which  will  be  de- 
sciiiied  in  this  paper  are  the  4-cylinder,  4-cycle 
doui)le  acting  gas  engine  and  the  4,  6  or  8-cylinder, 
2-cycle  Diesel  oil  engine.  The  discussion  in  general  will 
not  go  into  thernio  dynamic  theory  to  any  great  extent, 
but  will  rather  cover  a  general  description  of  some  of 
the  mechanical  features  as  well  as  the  operation  of  the 
two  types  of  engines,  together  with  some  analysis  of 
first  cost  and  cost  of  operation. 

The  Gas  Engine. 

The  gas  engine  which  forms  the  basis  for  this  dis- 
cussion is  ratefl  4,000-kw.  output  of  generator  running 
at  88.3  rpm. 

The  floor  space  occupied  is  68  ft.  long  and  37  ft. 
6-in.  wide:  two  cylinders  are  in  tandem  and  connected 
to  each  end  of  the  crank  shaft.  The  distance  between 
center  line  of  cylinders  is  27  ft.  8  in.  It  carries  a  very 
heavy  cast  steel  flywheel  made  in  two  parts,  the  diam- 
eter of  which  is  28  ft.  and  weight  130  tons.  The  cylin- 
ders are  47  in.  diameter.  The  piston  has  a  60-in.  stroke  : 
they  are  made  of  cast  steel.  In  this  particular  size 
the  cylinder  is  usually  made  in  two  pieces ;  however, 
in  this  size  as  well  as  in  similar  smaller  sizes  one-piece 
cylinders  have  been  found  entirely  satisfactory. 


*I'"le(.-trical  ICn.ifiiK'er,  Betlilelicm  Steel  Company.  South 
Hcthleheni.  I'a.  Paper  presented  before  .'\ssociation  of  Iron 
and  Steel  Electrical  Engineers.  Cleveland,  Ohio,  September 
11-15.  .Ml  discussions  on  this  paper  may  be  secured  from 
J.  V.  Kelly,  Secretary,  Empire  Building,  Pittsburgh,  Pa. 


In  case  of  jiower  cylinders  ui  this  size,  steel  rather 
than  cast  iron  is  employed  because  in  order  to  maintain 
the  same  factor  of  safety  the  wall  of  the  cast  iron  cylin- 
der must  be  much  thicker  than  if  cast  steel  be  used. 
The  cast  iron  wall  must  on  account  of  strength  be  made 
of  a  thickness  so  great  that  it  cannot  transmit  the 
requisite  heat  per  unit  of  surface.  The  consequent  dif- 
ference in  temperature  between  inner  and  outer  sur- 
faces of  wall  induces  heat  fatigue  and  consequent 
cracks  wdien  engines  are  steadily  operated  at  full  load. 
.\  cast  iron  cylindi'r  which  thus  cracks  cannot  be  re- 
l)aired  by  welding.  A  cast  steel  cylinder  seldom  cracks 
and  if  it  does,  can  be  electric  welded  without  any  dil- 
ficulty.  We  have  steel  cylinders  in  our  ]il;int  that  havi 
operated  continuously  13  years  and  are  still  jierfectly 
good. 

The  ]jiston  rod  is  15  in.  in  diameter  and  is  hollow, 
making  a  convenient  opening  through  which  the  cool- 
ing water  is  carried  to  the  piston.  The  crank  shaft 
is  a  one-piece  forging  and  the  crank  disc  and  crank 
pin  are  cast  steel  and  made  in  one  piece.  The  cross- 
heads  are  also  cast  steel :  the  inlet  and  exhaust  valves 
are  one-piece  forgings. 

A  great  many  of  the  al)o\e  mentioned  parts  are  fre- 
quently made  of  cast  iron,  but  in  the  steel  lousiness  cast 
steel  is  favored  for  obvious  reasons,  and  since  this  en- 
gine is  built  by  a  steel  company,  cast  iron  is  replaced 
liv  cast  steel  for  a  great  inany  parts. 

The  speed  of  this  engine  is  controlled  by  a  spring 
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weighted  governor  which  operates  an  oil  relay.     This  tables  being  made  up  on  the  basis  of  3,000-kw.  units, 

relay  provides  ample  power  for  moving  the  valves,  no  The  larger\init  which  served  as  a  basis  for  this  table 

matter  whether  they  are  clean  or  dirty,  and  is  a  very  occupies  the  same  floor  space  as  that  covered  by  the 

important   item    in    the   satisfactory    operation   of   any  previous  tables  and  costs  but  very  little  more,  the'prin- 

engine  used  in  the  generation  of  power.  cipal  difTerence  being  in  the  diameter  of  the  cylinders. 

An  automatic  gas  pressure  regulator  is  located  just  T^BLE  I 

ahead  of  the  inlet  valve  and  maintains  a  constant  gas  Showing  installed  cost  per  kw.  capacity  of  a  gas  engine  power 
pressure  of  2  in.  at  the  inlet  valve.    The  air  mixture  is  station  in  4,000-kw.  units, 

adjustable,  but  is  maintained  constant  throughout  anv  Cost  per  kw. 

range  of  load  from  zero  to  maximum  unless  adjusted  Building,    modern    construction,    brick    and 
,      ,°       ,      ,                                       .-    ,              ...               ■■            .  steel,  tile  floors,  and  crane,  including  ex- 

by  hand,  the  power  output  ot  the  engme  bemg  governed  haust  tunnel  and  stacks $    7.50  to  $  15.00 

by   throttling   the   mixture   of  gas   and   air  rather   than  Foundations   for  engines,  including  excava- 

by  adjusting  its  richness-     The  maxinuim  pressure  in  tion  at  $15.00  per  cu.  yd 4.50  to        9.00 

the  cylinder  after  explosion  is  275  lbs.  Engines,  including  all  piping  painting  ready 

Fig.  1  shows  a  typical  set  of  indicator  cards  on  one               '°  "'"    ^^'^^  '°  '^^■^^ 

of  these  engines                                                                                            '"'"'*  '-"'eaning  apparatus 6.00  to  8.00 

The  gas  is  ignited  at  the  proper  time  bv  three  spark  Generators  switchboard,  exciters,  oil  switch- 

,               r  •   1                 ^             ^11             I  u    ■    1          •      •    1                      es   for  6600   volts 1.100  to  20.00 

plugs  which  operate  on  the  make-and-break  principle,  ,,.      ,,  mnn  •  icnn 

^^rr      i.      i     ■         ,i            1^                J     i                     ,      i        .     -!-            .Miscellaneous  expeuscs    10.00  to  15.00 

IIU  volts  being  the  voltage  and  the  current  about  ./o 

amperes.     This  current  is  limited  by  the  resistance  of  Total  , $101.00  to  $162.00 

the  winding  on  an   iron  core  solenoid  which  gives   a  Average  cost  per  kw Sl.SZ.OO 

long  inductive  arc,  a  small  incandescent  lamp  is  con-  _,          ,  .           .                  .           i       ,  ,        ,  ,                 i 

nected  in  series  with  the  coil  which  serves  to  indicate  .  ^^^e  subject  of  gas  engines  should  no     be  pa.ssed 

the  condition  of  the  spark  plugs.  )^-'th"ut  calhng  attention  tp  at  least  one  of  the  points 

An  engine  such  as  has  just  been  described  can  be  ^'^^  ^"t"'"^,  improvements  in   ne     operating  ef^ciency, 

bought  t.ulav,  f.o.b.  cars  Bethlehem,  for  $2,W,000,  mak-  "^'^e'^'   ^^'^   utilization   of  the   heat   contained   in   the 

ingthe  cost  of  the  engine  $57.50  per  kw.  exhaust  gases.     Reclaiming  this  energy  is   somewhat 

,,,  ,  ,     T     ,             1      ■         ,,    ,                    t           f  similar  to  the  application  of  condensers  to  the  steam 

lable  I   shows  the  installed  cost  per  kw.  of  a  gas  turbine.     This  field  is  merely  scratched  todav  in  a  few 

engine  power  plant  made  up  of  three  or  m.,re  4.000-  j,^^^^^  ^^.j^^.,.^  f^^^,  ^^^^^er  for  boilers  is  heated'in  a  small 

kw.  units  as  described  above:  [^,^^^_     ^^^  ^^.^^^^  ^^^^^^  ^^^  pj^^^,,   ^^^  ^^  ^^out   100 

Ihe  only  difference  m  this  table  from  that  shown  ,]pg  p  ^nd  comes  out  at  1.30  deg.  F.,  passes  to  the  feed 

in  previous  tables  and  published  in  the  proceedings  of  ^^.^ter  heater,  where  it  is  raised  to  170  deg.  F.     Much 

the  Association  of  Iron  and  Steel  Electrical  Engineers  crreater  economies  mav  be  obtained  by  placing  a  large 

is    in   the   cost   of   engine   and    related    units,   previous  boiler  or  water  heater  so  that  the  exhaust  gases  may 

])nss  through  it  on  its  way  to  the  stack. 

NoJ  £NG-/NE          AC  One    very    great    possibility    lies    in    the 

No  f  rv  heating  of  water  which  may  in  turn  be  cir- 

^y^        Ah                                     „  „                culated    in    nearby    buildings    and    used    for 

Lo  f\  O     ^33  0    K\/J          Culs-4S"X6o  heating  purposes.   In  Germany  steam  boilers 

*                            R  P  M     88  i  \'\?i\'^  been  used,  one  showing  2.2  lbs.  steam 

250  >v                     ^,    \.'             '     r    „       iA<»  Ti.  ^  ,.  for    each    kwh.    generated    by    the    engine. 

r's^                BUst  Furnace  Ui^S  -    (OZBTU.  I.arge  boilers  will,  of  course,' produce  more 

I  \  steam.    It  has  been  very  conservatively  esti- 

\  ^  X  III  I    1  n  mated  that  the  total  efficiency  of  the  gas  en- 

\  ''^  JULIO  ]S2Z  ■'^'"^  ™^y  ^^  increased  easily  .30  per  cent  In- 

'v  ^  ^  ^     A\.^.P.  ^  ^8  *  '^'■'^  "^^  °^  exhaust  gas  boilers. 

^x^  "~  ^  -  ^  ,  The  reason   such  boilers  have  not  come 

''^-_  ~  ,^  into  more  general  use  is  that  the  efficiency  of 

~"~  —  r~3.7=.-»- -''  the  gas  engine  is  now  high  and  the  cost  of 

coal  not  sufficiently  high  to  urge  the  devel- 

"  iiiinient  of  this  line  of  apparatus. 

Operation  of  Gas  Engmes. 

No  J   Cy L          R.  H  Table  II   shows  the  operating  cost  of  a 

^                          L  O  A  O      J Z  i  0      A^VV            C  Is  -  "rFxicO  "^^  engine  power  plant  made  up  of  six  3,000- 

260 ft  p  M  ^    ftft  "^                        ^  '^^^  ■  "'^'*^  '''"''  ""^  4,000-kw.  unit. 

('""n                     -di      V  c        ^^^Aac    -  Ini  K- •R.-r..  In   the  matter  of  operating  costs  one  of 

:      \^                BUtit  Furudce^ais       lei.5-  B.T.U.  ^,^^  ^r\nc\pz\  items  in  ihe  pa.st  has  been  the 

',              V                                                   t|||    171922.        ■  renewal  of  worn  steel  parts,  such  as  pistons, 

>               '^^                                            JUL.  1'  cylinders,  piston   rods.   etc.     This   item   has 

*^                 ^^             Mc\P     kk  t;""^  h^en   very   materially   reduced  by  the   care- 

N                   -  ^r\^X.-bb.ii  ful  application  of  electric  welding.    Formerly 

^-^                   "^-___  when    the    grooves    of    the    piston    became 

"""•^,                      ~~              -«,,  -worn  to  such  an  extent  as  to  cause  exces- 

^_~_"1  -  -  -^ — -■'  ~  ■=-^:'-        sive  leakage  by  the  piston  ring-  all  that  could 

.  he   done    was    to   remachinc    them    and    put 

in   oversized   rings.     This,   of   course,   could 

Fig.  1.  Innt  be  carried  on  indefinitely  on  account  of 
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inittiiitr  away  the  metal.  Today  the  worn  j)Iaces  arc- 
tilled  u|)  by  electric  weldinjj  and  machined  out  so  that 
the  life  of  a  steel  jiiston  is  almost  inlinate.  A  cast  iron 
piston  cannot  he  thus  welded. 

T.\BIjR   II  Cost  per 

kwh. 
P'lK-l— 1.44.i.28«,(H)(l  cu.  ft.  .Xvfra-e    Bin.   value  'M  |)cr 

cu.  ft.  at  .0094  per  1,000  cu.  ft ()01,=;s 

Labor — Including    .switchboard    operators,    onijinecrs. 

oilers,   superintendents,   etc OOO.Sd 

Repairs — Inckidinjj     renewals,     tools,      miscellaneous; 

supplies  and  labor  in  repairs 0003.^ 

Water  for  cooling — Oil.  waste  and  packing,  inchuling 

cooling   pond    expenses 00021 

(ias    Cleaning — Including    water,    labor,    repairs    and 

power    000.?7 

Total  operating  cost 0027') 

Heating  feed   water  with   exhaust  gases   (installed  on 

4  engines  only  )   credit .  .  .  .' 000.53 

Xet   operaling  cost .00246 

This  table  is  ])ractically  the  same  as  has  been  shown 
in  previous  discussions. 

At  times  cracks  develop  in  cylinder  walls,  csj^ecially 
in  the  vicinity  of  the  exhaust  jiorts,  and  formerly  would 
necessitate  the  scrapping  of  the  cylinder.  Today  these 
cracks  are  welded  and  seldom  open  up  again  :  in  fact, 
discarded  cylinders  have  been  reclaimed  by  this  process 
to  such  an  extent  in  one  plant  that  four  extra  cylinders 
which  were  on  order  have  been  cancelled.  It  would 
seem,  therefore,  that  with  the  proper  apjdication  of 
electric  welding  a  gas  engine  that  is  built  of  steel 
should  never  wear  out  and  would  be  replaced  onl\-  as  a 
matter  of  obsolescence. 

Diesel  Oil  Engine. 

The  Diesel  oil  cngingc  which  will  be  used  as  the 
basis  of  this  discussion  is  a  2,700-kw.,  8-cylinder,  2- 
cvcle,  single  acting  ^■ertical  engine  operating  at  115 
r])ni. 

The  c\linder  is  26  in.  in  diameter  and  the  engine  is 
built  in  sections  so  that  it  can  he  supplied  as  4,  6  or 
8-cyliuder  engine  and  all  of  the  like  parts  for  each 
cvlinder  are  interchangeable.  The  pistons  are  cast 
steel  while  the  cylinder  is  cast  iron.  The  Scavenger 
air  inlet  \alve  is  in  the  center  of  the  cylinder  head, 
which  has  the  inherent  advantage  of  cleaning  out  ab- 
solutely all  of  the  burnt  gases  with  the  exhaust  stj 
that  the  compression  stroke  has  a  full  supply  of  fresh 
air  to  compress  each  revolution.  With  this  construc- 
tion the  Scavenger  air  supplied  is  always  somewhat 
greater  in  \ohime  than  the  maximum  capacity  of  the 
cylinder. 

.\  6-cylinder  engine  corresponding  to  this  engine  is 
now  in  operation  in  a  boat  carrying  ore  from  Chile  to 
Baltimore  and  New  York.  The  fuel  economy,  ease  of 
operation  and  absence  of  serious  failures  has  consider- 
al)ly  exceeded  the  expectations  of  the  designers,  and 
from  all  tests  which  have  been  carried  out  the  indi- 
cations are  that  this  ty|)e  of  Diesel  oil  engine  will  not 
onlv  have  a  verv  wide  ajiplication  in  marine  service, 
but  will  also  make  a  p'ace  for  itself  in  the  generation  of 
power.  An  8-cylinder  engine  such  as  descrilied  above 
can  be  bought  today,  f.o.b.  cars  Bethlehem,  for  $260,000. 

The  Operation  of  Diesel  Oil  Engines 
For  Power  Purposes. 

While  no  costs  are  now  available  taken  under  actual 
perating  conditions,  tests  which  h'ave  been  made  bring 


out  \ery  forcibly  some  of  tne  possibilities  in  the  Diesel 
oil  engine. 

I'nel  ectmoniy  tests  on  this  engine  show  that  under 
a\  erage  conditions  one  kvvh.  can  be  produced  with  -6.^0 
of  a  lb.  of  21  (leg.  Baume  fuel  oil  which  oil  contains 
1^^.100  Btu,  i)re  lb.  This  is  equal  to  .4.1S  of  a  lb.  i)er 
bhp.  Since  2.545  Btu.  equal  1  hph..  the  thermal  efifi- 
ciencv  at  the  crank  shaft  then  is : 


2,545  X   100 


30.42% 


438  X   1.910 

.\ssuming  generator  efficiency  as  03  ])er  cent,  the 
overall  efficiency  of  such  a  power  unit  would  be: 
.W.42  X  -03  =  28.47  per  cent,  the  overall  efficiency  at 
the  switchboard. 

In  the  matter  of  speed  regulation  an  S-cylinder,  2- 
cvcle  Diesel  oil  engine  is  superior  to  the  twin  tandem 
compound  recii)rocating  steam  engine  which  would 
have  the  same  jiower  impulses  per  revolution,  and 
while  we  cannot  expect  it  to  be  equal  to  that  of  the 
steam  turbine,  it  is  very  close  to  it.  In  this  connection 
it  is  interesting  to  note  that  for  marine  work  no  fly- 
wheel is  used  in  connection  with  even  a  6-cylinder 
engine  and  the  engine  is  reversible.  Of  course,  for 
pow-er  generation  a  flywheel  would  be  used,  although 
much  lighter  than  is  the  case  with  a  gas  engine. 

Comparison  of  Internal  Combustion  Engines  With 
Steam  Engines  for  Power  Station  Work. 

One  great  weakness  of  any  steam  ])ower  station  is 
its  standby  losses.  By  this  is  meant  in  plainest  terms 
the  coal  that  must  be  burned  under  the  boilers  to  keej) 
up  steam  pressure  when  all  of  the  power  generating 
apparatus  is  absolutely  shut  down.  This  coal  amounts 
to  a  considerable  item  and  if  it  were  possible  to  avoid 
burning  this  coal,  great  savings  could  be  effected  in 
practically  all  power  stations.  This  particular  point  has 
been  very  forcibly  brought  to  the  w-riter's  attention  in 
the  matter  of  selling  power  over  week-ends  and  holi- 
days to  the  power  company  from  whom  we  normally 
buy  a  small  percentage  of  our  power. 

The  operating  superintendent  of  the  pow'er  com- 
pany states  that  it  is  real  economy  for  him  to  buy 
power  provided  he  did  not  have  to  bank  his  fires,  but 
could  burn  them  entirely  out.  as  under  certain  condi- 
tions it  requires  almost  as  much  coal  to  keep  his  fires 
banked  over  a  light  load  period,  such  as  Saturday  after- 
noon, .Saturday  night.  Sunday  and  Sunday  nights,  as 
w(nild  be  burned  if  he  were  running  a  portion  of  his 
j)lant.  Hicrefore.  he  has  seen  the  wisdom  of  buying 
power  which  is  generated  in  our  gas  engine  j)ower 
station  over  such  periods.  W't  all  feel  that  each  power 
engineer  has  a  moral  obligation  to  coming  generations 
in  the  matter  of  conservation  of  our  fuel  reserve.  There- 
fore, the  power  engineer  is  not  only  serving  his  best 
interests,  but  also  the  best  interests  of  future  genera- 
tions in  taking  into  consideration  standby  losses. 

In  previous  pai)ers  on  the  subject  of  "Power  Gen- 
eration in  Steel  Plants."  the  writer  has  jiointed  out  the 
economy  of  using  gas  engines  for  all  loads  between 
100  per  cent  and  50  per  cent  load  factor  and  the  fact 
that  steam  turbines  either  located  in  a  steel  plant  or 
in  a  central  station  should  be  used  for  absorbing  the 
low  load  factor  portion  of  the  steel  plant  load.  It  is 
now  e\'ident  that  the  third  alternative  should  be  added 
tf)  the  list  for  this  character  of  service,  namely,  the 
Diesel  oil  engine. 
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Blast  Furnace   Waste  Heat  Utilized 

Steel  Plant  May  Be  More  Economically  Operated  if  the  Waste 
Heat  and  Waste  Gases  from  the  Blast  Furnaces  and  Coke  Ovens 
Are  Completely  Utilized. 

By  HUBERT  HERMANNS 


UP  to  the  end  of  the  last  century  large  gas-engines 
of  1,000  hp.  were  entirelj-  unknown.     In  the  year 
1908  there  were  on   the  other  hand   more  than 
1,000,000  hp.  of  gas  engines  of  over  1,000  hp.  each  in 
use  all  over  the  world.    Of-these  there  were ; 


Germany    480,428  hp. 

U.  S.  .\ 337,490  hp. 

France 55,O.S0  hp. 

Belgium     46,714  hp. 

.-Vustria    25,.S0O  hp. 

Great    Britain    24,986  hp. 

Other   Countries    ....  63,341   hp. 


I'ig-Iron 
Production 
46.5%  at  11.8  mill,  tons 
or  32.5%  at  16.2  mill,  tons 
or  5.4%  at  3.4  mill,  tons 
or  4.6%  at  1.2  mill,  tons 
or  2.4%  at  1.4  mill,  tons 
or  2.4%  at  9,4  mill,  tons 
or     6.2% 


or 


These  figures  comprise  engines  driven  by  blast-fur- 
nace as  well  as  coke-oven  gas  and  generator  gas.  The 
possibilities  of  the  utilization  of  gases  from  blast-fur- 
naces and  coke-ovens  were  thus  only  utilized  to  a  small 
extent.  However  these  conditions  have  improved  very 
considerably,  so  that  the  utilization  of  the  gases  is 
now  considered  as  important  as  the  production  of  pig- 
iron.  Unfortunately  reliable  figures  for  the  present 
time  are  not  available.  It  is,  however,  certain  that  all 
pig-iron  and  coke  producing  countries  have  diligently 
worked  at  the  solution  of  the  problem  within  the  last 
decade.  In  the  following  a  representation  of  the  pos- 
sibilities will  be  given  which  the  utilization  of  the 
gases  generated  in  lilast-furnaces  and  coke-ovens  offers 
at  the  present  time,  the  utilization  of  the  waste  heat 
being  specially  considered. 

Fig.  1  illustrates  the  energy  balance  sheet  of  a  blast- 
furnace of  250  tons  daily  with  a  coke  consumption  of 
10  tons  per  hour.  Of  the  heat  of  100  per  cent  intro- 
duced into  the  blast-furnace  40  per  cent  is  consumed 
in  the  furnace  itself,  while  60  per  cent  leave  the  fur- 
nace as  waste  gases.  The  consumption  of  heat  is  dis- 
tributed as  shown  in  Table  I : 


T-\ELE  1 

Loss  % 

Evaporation  of  the  water ?i 

Reduction  of  the  ores 20 

Radiation    4 

Heat  contained  in  the  slags 10 


Gain  % 


Heat  contained  in  the  iron. 
\\  aste  gases 


40 


60 
60 


100 

The  recovered  60  per  cent  of  waste  gases  are  dis- 
tributed as  follows : 

Heating  of  the  air  blast '.  .  .  .  28 

Of  this  heat  developed  in  the  furnace.  .  .      14 

Loss   14 

Power  required  by  the  furnace 9 

Of  this  current  for  the  furnace ,5.5 

For  the  blowers 5.5 

Excess  of  gases 23 

60 

Fig.  2  illustrates  the  energy  balance  sheet  of  a 
regenerative  coke-oven  with  a  generator  for  gasifying 
the  coke  dross.  The  balance  sheet  is  based  upon  a 
battery  of  coke  ovens  for  200  tons  daily  output  of 
coke,  corresponding  with  a  charge  of  240  tons  coal. 
Owing  to  the  heating  of  the  coke-oven  the  contents 
of  heat  is  at  first  increased  by  3  per  cent,  which  how- 
ever, is  lost  again  later  on  by  the  cooling  of  the  coke 
and  the  gases.  The  100  per  cent  of  heat  introduced 
into  the  oven  with  the  coal  is  distributed  according  to 
the  following  Table  II : 

T.ABLE  II 

Loss  %     Gain  % 

Coke  output  of  the  oven ■ .     75-83 

Gasification  and  combustion 5-3 

Waste   gases    22-14 

80-86     22-14 
Distribution  of  the  heat  of  the  gases  : 
Chemically    combined    with    tar    and 

benzole    1-5 

Heating  of  the  coke  ovens 7-10 

Gases  which  can  be  utilized 6-7 

8-15        6-  7 
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Fig.  1. 


The  6-7  excess  gases  can  be  utilized  in  gas  engines 
and  would  give  a  power  of  1,800  hp.  By  gasifying  the 
coke  dross  about  900  hp.  can  be  recovered,  so  that  about 
2,700  hp.  can  be  recovered  in  gas-engines  from  a  bat- 
tery of  coke-ovens  of  20  tons  daily  output.    It  is  always 


a  question  of  local  conditions  whether  the  coke-oven 
gas  is  utilized  as  fuel  for  heating  furnaces  or  for  driv- 
ing gas  engines.  If  there  is  a  sufficient  demand  for 
the  energy  generated  the  use  of  gas  engines  in  con- 
junction   with    coke-ovens   can    be   recommended,   be- 


iticoai  ph 


Fig.  2. 
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cause  by  the  driving  of  such  machinery  the  highest 
amount  of  energy  can  be  withdrawn  from  the  waste 
gases. 

In  the  coke-oven  industry  the  conditions  for  the  em- 
ployment of  large  gas  engines  are,  therefore,  not  as 
favorable  as  in  the  blast-furnace  industry,  but  the  ex- 
cess gases  recovered  more  than  suffice  for  their  own 
requirements  of  the  coal  mines.     The  older  construc- 


Fig.  3. 

tions  of  coke  flame  ovens  supplied  their  excess  energy 
in  the  form  of  waste  heat,  which  could  only  be  em- 
ployed for  heating  steam  boilers.  Ovens  with  by- 
|)roduct  reco^■ery  installations  without  regenerative 
furnaces  supply  waste  heat  and  waste  gases.  If  the 
waste  gases  are  burned  in  gas-engines  instead  of  in 
boilers,  the  total  engine  output  obtainable  from  the 
coke-oven  is  increased  by  about  one-third.  Regenera- 
tive ovens  supply  energy  only  in  the  form  of  coke-oven 
gas  which  in  gas-engines  produces  double  the  amount 
of  work  as  in  steam  boilers.  The  regenerative  working 
of  coke-ovens  gives  on  the  whole  no  higher  quantity 
of  energy  than  ovens  with  by-product  recovery  with- 
out regenerative  furnace,  which  utilize  their  waste 
heat  in  steam  plants  and  their  waste  gas  in  gas-engines, 
but  their  advantage  is  in  the  uniform  kind  of  engine 
which  can  be  employed  and  the  simpler  working  con- 
ditions. 

The  internal  combustion  engine  is  far  superior  as 
regards  conversion  of  heat  into  work  to  the  steam 
plant.  The  gas  engine  has  a  heat  efficiency  up  to  35 
per  cent,  while  the  best  steam  plant  hardly  ever  reaches 
17  per  cent. 

In  Fig.  3  the  heat  balance  sheets  of  the  steam  en- 
gine and  the  gas  engine  are  shown  side  by  side. 

Of  100  per  cent  heat  introduced  are  consumed  : 
ir.S% 


Fig.  4. 

As  this  Table  III  shows  in  the  gas-engine  also  large 
quantities  of  heat  are  lost  in  the  exhaust  gases  and  the 
cooling  water.  By  employing  waste  heat  utilizers  in 
conjunction  with  the  engines  a  large  part  of  the  waste 
heat  may  be  recovered.  In  Germany  very  extensive 
experiences  have  been  gained  in  this  respect,  as  there 
the  economical  conditions  peremptorily  demand  the 
most  perfect  utilization  of  the  energy.  Even  in  the 
year   1903  a  gas-engine  plant  of  more  than   10,000  hp. 


Loss  in  boilers. 
Waste  heat  .  . .  . 
Friction  losses  . 
Cooling  water  . 
Exhaust  heat  .  . 
Effective  work  . 


T.ABLE  III 

Steam-engine 

28 

% 

Gas 

-engine  % 

55 

9 

5 

33 

30 

15 

32 

100 


100 


was  furnished  with  waste  heat  boiler  for  the  generation 
of  steam.  However  it  is  only  since  1910  waste  heat 
utilizers  have  been  employed  to  a  large  extent. 


3fJZ 


The  waste  heat  from  gas-engines  and  internal  com- 
Inistion  engines  may  be  utilized  in  various  ways : 

1.  The  cooling  water  which  has  become  warm 
can  be  used  for  industrial  purposes,  in  both  instal- 
lations, etc. 

2.  The  warm  cooling  water  can  be  further  heat- 
ed by  waste  gases  and  then  be  utilized  for  heating 
installations,  boiler  feed  and  the  like. 

3.  Fresh  water  can  be  heated  by  waste  gases. 

4.  .^ir  may  be  heated  by  waste  gases  for  drying 


purposes  or  drying  chambers  may  be  directly  heated 
by  the  waste  gases. 

5.  Water  may  be  distilled  by  the  waste  gases. 

6.  Steam  may  be  raised  by  the  waste  gases. 
The  gain  produced  by  the  recovery  of  waste  heat 

fluctuates  according  to  the  possibilities  of  the  utiliza- 
tion of  the  waste  heat  and  the  local  conditions. 

Figs.  4  and  5  show  the  fuel-utilization  of  a  double- 
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acting  lioiiziiiital  Diesel  engine  with  a  plant  fur  the 
utilization  of  the  cooling  water  and  the  exhaust  gases: 
Fig.  4  in  conjunction  with  the  prejiaration  of  hot  water 
in  a  closed  circuit  and  Fig.  5  in  conjunction  with  the 
raising  of  steam  and  the  ])reparation  of  distilled  water. 
The  highest  possible  extent  of  the  utilization  (Fig.  4) 
which  occurs  in  work,  with  a  high  demand  for  hot 
water  (breweries,  dye-works)  amounts  to  about  S4  per 
cent  of  the  heat  put  into  the  engine.  Individually  the 
balance  sheet  figures  in  Figs.  4  and  5  correspond  with 
the  figures  in  Table  IV. 

Fig.  4.  Fig.  5. 

Loss  %  Gainer      Loss  %   Gain'. 

F.xhaust  losses    8  S 

Radiation  losses   .^..^  .V.^ 

Cooling  water  losses    38 

Gain  by  waste  gases 16  17 

Gain  by  cooling  water 39 

Gain  by  cn.gine  efficifiicv    .  31..^  31.,^ 


13.5 


86..=; 


48.5 


100 


100 


Figs.  6.  7  and  S  show  the  conditions  in  a  gas  engine 
of  2,000  hp.  with  plant  for  preparing  hot  water  for  lioiler 
supply,   heating   and    so    on    (Fig.    6).    in    conjunction 


with  the  generation  of  high  pressure  steam  for  power 
purposes  and  utilization  of  the  waste  steam  for  chemi- 
cal purposes  (Fig.  7).  and  for  the  generation  of  power 
only.  In  Table  5  the  balance  sheet  values  are  tabu- 
lated. 

T.\BL1-   V 

Loss  Gain   Loss  Gain   Loss  Gain 

%  %        %         %         %        fc 
Radiation                                            5  5  5 

Exhaust     13  14  5  14.5 

Cooling  water   31  3()  30 

Steam-raising  plant    

Waste   gases    24.7 

Waste  steam    22 

Working   steam    1.5     ..         5 

Engine  efficiency   .  27  27       27       27 

4')      51       49.5     50.5     505   32 

Fig.  9  shows  the  heat  balance  sheet  of  a  blast-fur- 
nace installation  of  6,000  hp.  with  waste  heat  utiliza- 
tion, in  which  5  or  6  tons  of  steam  at  12  atm.  and  325 
deg.  C.  are  generated.  The  output  of  about  0.93  kgs. 
steam  per  gas  hp.  per  hour  resulting  according  to 
Fig.  9  is  obtained  in  gas-engines  of  medium  sizes  at 
fvill  load,  that  means  at  the  most  favorable  heat  effi- 
cienc}"-  value  of  the  engine. 

At  lower  loads  and  less  careful  supervision  the  en- 
gine requires  larger  quantities  of  heat,  which  is  mainly 
carried  awav  by  the  exhaust  .gases  and  is  recovered  for 
the  larger  part  by  the  waste  heat  utilization  plant. 

Table  VI  gives  a  balance  sheet  of  this  installation. 


TATU.E  \'l 

Loss  %     Gain  % 
Friction  and   radiation.  .  5 

Cooling  water   30 

I'.xhaust  and  radiation  in   the   waste   heat   in- 
stallation             9 

Waste   heat    29 

Mechanical   work    27 

44  .56 

101) 

PENN  SEABOARD  STEEL  TO  INCREASE 
ITS  STOCK 

.\  special  meeting  of  stockholders  of  the  Penn  Sea- 
board Steel  Corporation,  Philadelphia,  will  be  held 
September  29,  for  a  vote  on  an  iiicrease  in  capital  from 
700.000  shares  to  1,200,000  shares  of  stock  of  no  par 
\alue.  This  is  the  same  increase  as  proposed  a  few 
months  ago  when  ne.gotiations  were  under  wav  lof)king 
toward  the  acquisition  of  the  Carjienter  Steel  C'oiu- 
pan\-,  Reading.  Pa.,  although  it  is  said  these  merger 
plans  now  have  been  abandoned.  President  J.  B.  War- 
ren, of  the  Penn  Seaboard  Company,  in  a  letter  to 
stockholders  declares  the  increase  in  capitalization  is 
desired  to  enable  the  corporation  to  acquire  further 
properties:  to  reduce  materially  or  retire  completely 
the  corporation's  funded  debt:  and  to  obtain  additional 
working  capital  in  order  to  properly  handle  increased 
business  now  on  hand  and  in  prospect.  Penn  Sea- 
board's capital  was  increased  last  November  from 
350,000  shares  to  700,000  shares  when  the  Titusville 
Forge  property  at  Titusvile,  Pa.,  was  acquired. 

TO  DISMANTLE  BAR  MILL 

Dismantling  of  the  bar  mill  of  the  Carnegie  Steel 
Company  at  Greenville.  Pa.,  has  been  ordered  and 
work  of  demolition  will  start  at  once.  The  Greenville 
plant  has  not  been  in  use  for  the  past  four  years  and 
has  a  rated  capacity  of  96,000  tons  of  bars  and  small 
shapes.  Operations  were  discontinued  when  the  new 
mills  of  the  company  were  started  at  McDonald.  C). 
Most  of  the  Green\ille  mployes  mo\ed  to  McDonald. 
( )fticials  of  the  com]iany  recently  insjiected  the  ]ilaiU 
and  the  order  to  dismantle  followed.  This  is  the  sec- 
ond ]ilant  of  the  Carnegie  Steel  Company  in  the  W'est- 
ern  T'ennsvlvania  district  which  is  being  scrapped.  'l"he 
Xorth  Works  at  Sharon.  Pa.,  is  being  dismantled  at 
the  present  time. 


ST.\TK>IKNT    l>|-   OWNKKMIir.    M.\X  \<;I-.M  KNT.    KT(  ..    »>l' 

I'ln  I  )la.sf  riimnco  ™  Moo!  rianf 

I  Ketiuired   l»j'   Act    of   Conifress  of  Aupiist   24,    Ittl^l 
Niinie  cif  PuliUcntioii :     The  Rlnst  Fiirnnre  and  Sleel  Plant.  piiMistiiil 

luniillil.v    n\    Pitlslmrsh.    Pa.      tRoport    fur    OcI.>1mt    1.    1!I22.1 
I'ulilislii-r— The  ,\iTilrpseii  On..  Inc.  KIS  Sinitlifipid  .'it..  I'irtslmrjrli.  P:i 
i:diti)r    ■!>.  N.   Walkiiis.  1(l.>-  Smitlificld  .si..    Pitishiirpli,  Pa. 
M.inajjinp  Eiiitor— 1".  C.  Ariiireseii,  ION  SmitliHoId  .<<1..  Pittshiirjrli.  P.i. 
I'.nsiiu-ss  .Maiiaccr— 1\  O.  .Xndrescn.  ]0,s  Smirlifield  St..  Pittsbiirjrli.  Pa 
t  N.-unps  and  addresses  of  stockholders  tioUHn.i;  1    per  cent  or  more  of 

total  .-unoiint   of  stock: 
Instate  of  11.  .\.  Anrtresen.  care  Colonial  Trnst  C.i..  Pittslmrgli.  Pi. 
V.  C.  Andresen.  KIS  SmitliHeld  St..   Piltsliiirgli.    Pa. 
I..    I..   Oarson.   IdS  Siiiill'ticld   St..   Pitlsliurgh.   P.a 
l;.   II.  Tlliess.   Ids  Smihlield   St.     Pittslmi-Kli.   Pa. 
.\l.  M.  Zeder.  KIS  Sinillifleld  St..   Pittsl.urKli,  Pa. 
Known    lioiidliolders.   niorlsasees,  and   other  securii.v    holders   holding: 

1   per  cent  or  more  of  total  amount  of  honds,  inortgaRes.  or  other 

'^ecnrities:      None. 

I".  C.  AXDUESEX,   Business   ^ranaKer. 
Sworn  to  and  sutiscril)ed  liefore  me  this  20th  day  of  September,  1922. 

JOHN  N.  BNOrLISH.  N.ifar.v  Puldic 
'.^ly  commission  expirw:  March  9.  192S.) 
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TliL'  Pacific  Steel  Corporation,  San  I'rancisco.  Cal..  recently 
organized  under  Delaware  laws  with  a  capital  of  $20,000,000, 
will  comprise  a  consolidation  of  the  Pacific  Coast  Steel  Com- 
pany and  the  Southern  California  Iron  &  Steel  Company,  as 
well  as  other  iron  and  steel  concerns  now  operating  on  the 
Pacific  Coast,  and  whose  names  will  be  announced  at  a  later 
date.  The  new  company  will  also  take  over  the  iron  ore  prop- 
erties of  the  Milner  Corporation  in  Utah.  The  first  noted 
company,  the  Pacific  Coast  Steel  Company,  operates  plants  at 
San  Francisco  and  Portland,  while  the  Southern  California  Com- 
pany has  its  works  at  Los  Angeles.  Plans  are  now  being  per- 
fected for  e.xtensive  additions  and  improvements  in  these  works, 
including  the  installation  of  additional  equipment  for  increased 
output.  A  large  new  plant  for  the  production  of  pig  iron  will 
be  established  on  a  site  to  be  selected  in  Utah ;  this  works  will 
comprise  blast  furnace,  mills,  power  plant,  etc.,  and  is  estimated 
to  cost  in  excess  of  $5,000,000.  The  new  corporation  is  repre- 
sented by  T.  T.  C.  Gregory,  Insurance  E.xchange  Building,  San 
Francisco. 

The  Meadville  Malleable  Iron  Company,  Mill  Street,  Mead- 
ville,  Pa.,  has  taken  bids  for  the  erection  of  a  new  brick  and 
steel  addition  to  its  plant,  to  comprise  a  one-story  building, 
equipped  as  an  annealing  works.  It  is  planned  to  commence 
the  construction  at  an  early  date.  Shutts  &  Morrison,  Marine 
Bank  Building,  Erie,  Pa.,  are  architects  in  charge. 

The  Wickwire-Spencer  Steel  Corporation,  Worcester,  Mass., 
has  arranged  for  a  note  issue  of  $1,775,000,  the  proceeds  to  be 
used  for  proposed  extensions  and  general  expansion,  as  well  as 
financing  in  connection  with  the  acquisition  of  the  plant  and 
business  of  the  American  Wire  Fabrics  Company,  with  mills 
at  Mt.  Wolf,  Pa.,  and  Blue  Island,  111.  The  corporation  is  also 
operating  other  plants  at  Worcester,  Spencer,  Palmer,  and  Clin- 
ton, Mass.,  as  well  as  at  Bufifalo,  N.  V.  Plans  are  being 
arranged  for  the  immediate  rebuilding  of  the  portion  of  the 
mill  at  Spencer,  recently  destroyed  by  fire  with  a  loss  estimated 
at  close  to  $40,000,  including  equipment.  The  new  mill  section 
is  estimated  to  cost  approximately  a  like  amount ;  it  will  be 
three-story,  33x100  ft. 

The  Bethlehem  Steel  Corporation,  Bethlehem,  Pa.,  has  com- 
menced preliminary  work  lor  the  proposed  expansion  of  its 
plant  at  Sparrows  Point,  Baltimore,  Md.,  for  which  a  fund  of 
$3,500,000  recently  was  authorized.  The  work  will  include  an 
addition  to  the  present  No.  2  open  hearth  furnace,  comprising 
a  2S0-ton  tilting  furnace  unit,  to  make  a  complete  operating  unit 
of  five  2S0-ton  open  hearth  furnaces.  The  present  five  sta- 
tionary furnaces,  each  of  70-ton  capacity,  will  be  augmented 
with  four  new  100-ton  units,  bringing  about  an  increased  ingot 
production  of  about  400,000  tons  a  year,  total.  A  new  power 
plant  will  be  constructed  at  the  mill,  with  initial  installation  of 
a  10.000-kw.  turbo-generating  unit,  with  new  boiler  plant,  steam 
condensing  department,  etc.,  to  be  operated  as  an  auxiliary  to 
the  present  gas  engine  station. 

The  Crucible  Steel  Castings  Company,  Canal  Road,  Cleveland. 
Ohio,  will  commence  the  immediate  erection  of  a  new  plant  at 
Almira  Avenue  and  East  Eighty-second  Street.  It  will  be  one- 
story,  100x240  ft.,  and  is  estimated  to  cost  close  to  $100,000,  in- 
cluding machinery.  The  general  building  contract  has  been 
awarded  to  the  Samuel  W.  Emerson  Company.  Euclid  Build- 
ing, Cleveland.  G.  S.  Rider  &  Company,  Century  Building, 
Cleveland,  are  architects  and  engineers. 


The  Ohio  Steel  Products  Company,  Mineral  Ridge,  Ohio,  is 
perfecting  plans  for  the  sale  of  its  local  plant,  which  has  been 
inactive  for  some  time  past.  The  company  has  been  operating 
with  a  capital  of  $500,000,  engaging  in  a  general  line  of  steel 
production.  It  is  said  that  negotiations  are  under  way  for  the 
purchase  of  the  property,  and  that  the  prospective  new  owners 
plan  to  place  the  works  in  service  at  an  early  date. 

The  Rich  Steel  Products  Company,  Battle  Creek,  Mich.,  has 
preliminary  plans  in  progress  for  the  erection  of  a  new  plant, 
on  local  site,  to  be  equipped  for  the  production  of  a  general  line 
of  steel  products.  The  new  plant  will  be  one  and  two-story, 
and  is  estimated  to  cost  in  excess  of  $350,000,  including  ma- 
chinery. It  is  expected  to  perfect  the  details  of  the  new  mills 
by  the  close  of  the  year  and  to  break  ground  for  the  structures 
early  in  1923.  The  company  is  now  operating  a  plant  on  Spring- 
field Place,  Battle  Creek,  and  it  is  said  will  remove  this  works 
to   the  new   location   following  the  completion. 

The  Standard  Seamless  Tube  Company,  313  Sixth  Avenue, 
Pittsburgh,  Pa.,  has  preliminary  plans  in  progress  for  the  con- 
struction of  an  addition  to  its  plant  at  Ambridge,  Pa.,  for  in- 
creased production.     The  structure  will  be  one-story,  80x500  ft 

The  Belle  City  Malleable  Iron  Company,  Kewaunee  Street, 
Racine,  Wis.,  has  completed  plans  and  will  commence  the  imme- 
diate construction  of  a  new  plant  on  local  site  for  the  manu- 
facture of  a  general  line  of  iron  products.  The  works  will  be 
one  and  two-story,  80x100  ft.,  and  are  estimated  to  cost  about 
$75,000.  A  list  of  equipment  to  be  installed  will  be  prepared  at 
an  early  date.  The  company  will  establish  headquarters  at  this 
location  and   will  build  an  office  building  for  this  purpose. 

The  Morristown  Electric  Steel  Company,  Inc.,  13  Water 
Street,  Morristown,  N.  J.,  recently  organized,  has  acquired  the 
former  plant  of  the  Liberty  Steel  Company  in  the  Shelley  Ter- 
minal District,  and  will  take  immediate  possession  for  its  pro- 
posed works.  The  present  structure  will  be  remodeled  and  iin- 
proved,  it  is  stated,  and  considerable  new  equipment  installed  for 
electric  steel  production.  The  new  company  is  headed  by  Sam- 
uel B.  Illingsworth  and  J.  Lovel  Paulmier,  both  o(  Newark,  N. 
J.,  and  Richard  A.  Eurich,  Morristown. 

The  Electrolytic  Iron  Company,  Bridgeport,  Conn.,  recently 
organized,  has  acquired  the  plant  at  Milford,  Conn.,  formerly 
occupied  by  the  Page  &  Nettleton  Company,  situated  on  New 
Haven  Avenue.  The  new  owners  plan  for  the  immediate  estab- 
lishment of  a  new  works  for  the  production  of  pure  iron  by 
the  electrolysis  process,  and  complete  equipment  for  this  pur- 
pose will  be  installed.  The  present  factory  building  will  be  re- 
modeled and  improved  to  accommodate  the  new  industry.  The 
works  will   include  an  extensive  testing  laboratory. 

The  Damascus  Crucible  Steel  Castings  Company,  New 
Brighton,  Pa.,  has  acquired  a  tract  of  property  at  Hammond, 
Ind.,  fronting  on  the  Nickel  Plate  railroad  lines,  totaling  about 
10  acres  of  land.  The  tract  will  be  used  for  the  erection  of 
a  new  plant,  for  which  plans  will  be  placed  in  progress  at  an 
early  date.  It  is  expected  to  equip  the  initial  buildings  to  give 
employment  to  a  working  force  of  about  300  men.  Bids  will 
be  asked  for  construction,  it  is  said,  at  an  early  date,  and  a  list 
of  machinery  to  be  installed  will  be  arranged.  The  estimated 
cost  of  the  project  has  not,  as  yet,  been  announced. 
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NEW  BLEEDER  TYPE  TURBINE 
Increasing  competition  demands  lower  manufacturing  and 
operating  costs  and  better  steam  economy  in  every  industrial 
plant.  Heretofore,  as  would  be  most  natural,  especial  study  has 
centralized  upon  the  large  power  installations  and  the  smaller 
plant  has  not  made  the  same  progress  toward  economical  opera- 
tion that  has  been  perfected  in  the  plant  many  times  larger. 

In  line,  however,  with  a  desire  to  decrease  operating  costs  in 
the  average  size  industrial  power  plant,  the  Moore  Bleeder  Type 
Turbine  has  been  thoroughly  perfected  and  placed  upon  the 
market.  It  fulfills  a  long  felt  want  wherever  steam,  alter  gen- 
erating power,  is  used  for  heating  buildings,  heating  feed  water 
for  boilers,  manufacturing  and  cooking.  It  solves  in  a  satis- 
factory manner  the  problem  of  heat  balance  and  acts  as  a  re- 
ducing valve  for  converting  high  pressure  steam  to  a  lower 
desired  pressure,  meanwhile  extracting  the  energy  due  to  the 
heat  drop. 

It  is  simple  in  design,  easy  to  "get  at"  and  automaticHlly 
regulates  perfectly,  either   for  varying  power  conditions  or   Huc- 


drical  bleeder  valve  controls  the  steam   llow  rate  to  the  bleeder 
exhaust. 

Since  the  bleeder  type  serves  as  a  combination  non-condens- 
ing high  pressure  condensing  turbine,  it  effects  a  close  heat 
balance,  even  where  there  are  only  one  or  two  main  units.  The 
flow  of  steam  to  a  heating  system  being  determined  by  the  pres- 
sure of  that  system,  the  load  to  be  carried  by  the  high  and  low 
pressure  elements,  in  order  to  result  in  the  proper  heat  balance, 
is  automatically  determined  by  the  cylindrical  bleeder  valve 
which  regulates  the  flow  of  low  pressure  steam  to  the  heating 
system.  The  oil  relay  governor  automatically  regulates  the  flow 
of  high  pressure  steam  to  the  high  pressure  stages  to  meet 
changing  load  conditions.  Hence  with  these  two  simple  and 
positive  equalizers  a  perfect  balance  is  automatically  maintained. 

Among  the  claims  for  the  Moore  Bleeder  Turbine,  with  its 
cylindrical  valve,  may  be  mentioned  the  following : 

The  cylindrical  type  of  valve  gives  a  wide,  unobstructed 
opening   with    minimum   pressure   drop    from    "A"   to   "B."      (A 


FIG.   1.     BLEEDER  TURBINE  FROM    BLEEDER 
VALVE  SIDE 


FIG.  2.    CROSS  SECTION  OF  MOORE  BLEEDER 
TURBINE 


tuating  demands  for  exhaust  steam.  The  efficiencies  obtained 
have  proven  exceedingly  gratifying.  One  operator,  for  instance, 
who  had  bought  outside  power  at  $600  per  month,  yet  who  had 
generated  steam  in  his  boilers  at  125  lbs.  per  sq.  in.  and  re- 
duced it  to  40  lbs.  per  sq.  in.  through  a  reducing  valve,  for 
cooking  purposes,  found  that  a  Moore  Bleeder  Turbine  could 
take  the  place  of  the  reducing  valve,  generate  his  power  require- 
ments and  fulfill  his  demand  for  exhaust  steam.  He  saved  $600 
per  month,  which  in  less  than  a  year  paid  for  the  turbo-genera- 
tor. There  are  doubtless  many  operators  today  who  could  fol- 
low the  same  procedure  with  resulting  greater  efficiencies  and 
lower  operating  costs. 

The  general  design  of  the  Moore  Bleeder  Type  is  that  of  a 
multistage  turbine,  with  one  or  two  velocity  stages  followed  by 
a  number  of  pressure  stages.  Between  the  velocity  stage  and 
pressure  stage  is  the  blesder  chamber  "A,"  Fig.  2,  which  con- 
nects to  the  heating  or  cooking  system.  The  cylindrical  bleeder 
valve  allows  excess  steam  to  enter  chamber  "B,"  from 
which  point  it  flows  through  the  pressure  wheels  to  the  con- 
denser. 

An  oil  relay  governor  controls  the  turbine  speed.     A  cylin- 


drop  between  these  two  points  means  loss  in  efficiency.) 

The  weight  of  the  valve,  together  with  the  thrust  due  to 
steam  pressure,  is  carried  on  two  large  bearings,  one  at  either 
end.     Very  little  effort  is  required  to  turn  the  valve. 

The  bleeder  valve  clearance  is  greater  than  the  end  bearing 
clearances.  This  not  only  makes  for  easy  rotation  of  the  valve, 
but  likewise  allows  a  small  quantity  of  high  pressure  steam  to 
leak  past  the  valve  into  the  low  pressure  stage.  This  prevents 
high  temperatures  which  occur  due  to  windage  friction  of  the 
rotating  elements  in  the  surrounding  thinned  out  steam. 

The  entire  bleeder  valve  can  be  quickly  removed  without 
disturbing  or  dismantling  the  casing. 

The  valve  forms  part  of  the  turbine  casing,  thereby  present- 
ing a  compact  appearance. 

The  valve  arrangement  has  only  a  few  parts  and  requires 
little  attention. 

The  Moore  bleeder  turbine  is  built  for  initial  pressures  as 
low  as  100  lbs.  per  sq.  in.  and  bleeder  pressure  as  high  as  40 
lbs.  per  sq.  in. 
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Harry  VV.  Irwin  recently  resigned  his  position  as  superin- 
tendent, which  occupation  he  has  held  for  several  years,  at 
the  plant  of  the  Canton  Sheet  Steel  Company,  Canton,  Ohio, 
to  become  superintendent  of  the  Universal  Steel  Company, 
Bridgeville,  Pa.  Mr.  Irwfin  went  to  Canton  in  1901  and  be- 
came identified  with  the  Stark  Rolling  Mill  Company. 

V  V 

John  Leyshon,  who  resigned  recently  his  connections  with 
the  Gary,  Ind.,  plant  of  the  American  Sheet  &  Tin  Plate  Com- 
pany, to  become  general  manager  of  the  India  Tin  Plate 
Company,  Galmuri,  India,  was  scheduled  to  sail  during  the 
week  of  September  1  for  London,  thence  via  Suez  canal  for 
India.  Mr.  Leyshon  formerly  was  employed  at  the  Farrell, 
Pa.,  works  of  the  American  company.  D.  W.  Samson  is  to 
be  hot  mill  superintendent  at  Gary. 

V  V 

A.  W.  Ambrose  will  become  assistant  director  of  the  bureau 
of  mines,  October  1,  succeeding  E.  A.  Holbrook.  who  has 
become  dean  of  the  mining  school  of  Pennsylvania  State  Col- 
lege. Mr.  Ambrose  is  now  chief  petroleum  technologist  of 
the  bureau.  He  is  a  graduate  of  Stanford  L^niversity  and 
has  been  with  the  bureau  since  1917.  F.  J.  Bailey,  assistant 
to  H.  Foster  Bain,  director,  and  a  graduate  of  Middlebury 
College,  Vt.,  will  handle  all  of  the  business  matters  of  the 
bureau  formerly  under  the  assistant  director,  thus  permitting 
Mr.  Ambrose  to  supervise  the  petroleum  activities  of  the 
bureau  in  a  general  way. 

V  V 

J.  Brynmor  Hill,  director  Gorsienon  Steel  &  Tinplate 
Works,  Swansea,  Wales,  who  recently  spent  several  weeks  in 
this  country  in  visiting  steel  plants,  was  a  passenger  on  the 
Majestic,  which  sailed  from  New  York,  August  26. 

V  V 

A.  G.  Douglas,  chief  engineer,  and  W.  H.  Mortlock,  pro- 
duction manager,  Hoskins  Iron  &  Steel  Company,  Ltd.,  Lith- 
gow,  New  South  Wales,  Australia,  recently  visited  the  plant 
of  the  St.  Louis  Coke  &  Chemical  Company,  Granite  City. 
Illinois.  These  gentlemen  are  visiting  a  number  of  repre- 
sentative iron  and  steel  plants  in  this  country  and  Canada 
for  the  purpose  of  familiarizing  themselves  with  American 
practice. 

V  V 

H.  H.  Harris,  formerly  with  the  Union  plant  of  the  Beth- 
lehem Shipbuilding  Corporation,  has  been  appointed  assistant 


manager  and  chief  engineer  of  tlie  Hanlon   Drydock   &  Ship- 
building Company,  Oakland,  Cal. 

V  V 

Walter  Rachals,  assistant  to  chief  engineer  of  the  United 
States  Steel  Corporation,  returned  September  14,  following 
a  visit  of  several  months  in  England,  France,  Belgium  and 
Germany. 

V  V 

F.  M.  Mitchell,  assistant  general  manager  of  the  Broken 
Hill  Proprietary  Company,  Ltd.,  steel  works,  New  South 
Wales,  Australia,  recently  arrived  in  this  country  and  is  visit- 
ing steel  plants  in  the  Pittsburgh,  Chicago  and  other  produc- 
ing centers.  Mr.  Mitchell  expects  to  leave  San  Francisco  for 
.Australia  on  November  10. 

V  V 

John  W.  Porter,  vice-president  of  the  Alabama  Company, 
who  has  been  resting  from  his  duties  for  several  weeks,  nas 
returned  to  Birmingham  and  is  again  at  his  desk  fully  re- 
stored to  normal  health. 

V  V 

D.  J.  Felkel  recently  resigned  as  superintendent  of  the 
Covington,  Va.,  blast  furnace  plant  of  the  Low  Moor  Iron 
Company  to  become  connected  with  the  blast  furnace  de- 
partment of  the  Cia.  Fundidora  de  Fierro  y  Acero  de  Mon- 
terrey, S.  .\..  Monterrey,  N.  L..  Mexico,  in  the  same  capacity, 

V  V 

George  B.  Waterhouse.  metallurgist  of  the  Lackawanna 
Steel  Company,  has  been  secured  by  the  Massachusetts  Insti- 
stute  of  Technology,  Boston,  to  take  charge  of  the  metal- 
lurgical lines.  Dr.  Waterhouse  has  resigned  his  connection 
with  the  Lackawanna  company,  and  will  take  up  his  new 
duties  with  the  opening  of  the  fall  term  at  the  Institute.  He 
has  been  with  the  Lackawanna  company  for  16  years. 

V  V 

John  J.  Whiting  has  resigned  his  position  as  assistant 
manager  of  the  Mayville  Plant  of  the  Steel  &  Tube  Company 
of  America  to  accept  the  position  of  superintendent  of  blnsl 
furnaces  of  the  Donner  Steel  Company,  Bufifalo,  \  Y..  and 
Tonawanda.  N.  Y. 

V  V 

W.  S.  Rugg.  assistant  to  vice-president.  Westinghouse 
Electric  &  Manufacturing  Company,  has  been  appointed  to 
the  newly  created  position  of  general  manager  of  sales  of  that 
company. 
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J.  I'reii  Townsfiid.  trall'ic  manager  of  the  Xatioiial  'rul)t 
Company.  Pittsl)urgh,  has  been  elected  viee-president  of  the 
Lake  'I'erminal  Railroad,  the  McKeesport  Cimnecting  Rail- 
road and  the  Benwood  &  Wheeling:  Conneetiny  Railway,  sub- 
sidiaries of  the  National  Tube  Company. 

V'  V' 

Gustavus  I'ratt  has  been  in  the  employ  of  the  Stanley 
Works.  Xevv  Britain.  Conn.,  for  60  years.  Mr.  Pratt's  father 
was  employed  in  the  same  company  for  65  years,  the  combined 
service  being  125  years.  In  these  times  of  unusual  labor 
turnover,  this  record  of  long  and  efficient  service  is  note- 
worthy. 

y/       V 

John  Goodin  Carruthers.  for  more  than  tliree  years  dis- 
trict manager  of  sales  for  the  Illinois  Steel  Company,  at  Chi- 
ca.go.  leaves  that  position  October  1  to  become  general  man- 
ager of  sales  for  the  Otis  Steel  Company,  at  Cleveland.  lie 
will  be  succeeded  by  David  Buffin.gton.  who  lias  been  in  the 
.general  sales  department  of  the  former  company  for  many 
years. 

V  V 

Owen  K.  Parmiter.  metallurgist.  Firth  Sterling  Steel  Com- 
pany, McKeesport,  F'a.,  was  the  speaker  at  the  monthly  meet- 
ing of  Pittsburgh  Chai)ter,  .\merican  Society  for  Steel  Treat- 
ing at  the  William  Pcnn  Hotel.  Pittsburgli.  Tuesday  evening. 
September  5.     His  subject  was  "Stainless  Steels." 

v'        V 

Coi.  C.  II.  Crawford,  South  .American  manager  of  the 
Baldwin  Locomotive  Works,  and  Clifford  Shoemaker,  Wash- 
ington, have  been  appointed  representatives  of  the  .American 
.Association  of  Engineers  at  the  International  Engineering 
Congress  held  tliis  month  at  Rio  de  Janeiro.  The  purjjose 
of  the  conference  is  to  establish  closer  contact  among  those 
engaged  on  prolilenis  of  economic  progress  in  all  the  .Amer- 
icas. 

V  V 

Frank  11.  Worrilow  recently  resigned  as  superintendent  of 
the  Millhury  Steel  Foundry  Company.  Millbury.  Mass..  which 
position  he  has  held  for  the  past  live  years,  to  become  asso- 
ciated in  the  same  cai>acity  for  a  foundry   in   Pittsburgh. 

V'       V 

.A.  D.  Xeal.  recently  connected  with  the  roll  department 
of  the  Duquesne  Steel  Foundry  Company.  Pittsburgh,  and 
formerly  identified  with  the  sales  department  of  the  Carnegie 


Steel   Company.    Homestead.    Pa.,  has  been  added  to  liie   sales 
force  of  the  Pittsburgh  Rolls  Cor|)oration.   Pittsburgh. 

\         \ 

The  L'nitcd  .\Iloy  Steel  Corporation.  Canton.  Ohio,  re- 
cently made  a  number  of  changes  in  their  organization.  H.  C. 
Thomas  was  promoted  from  general  superintendent  to  assist- 
ant general  manager:  J.  B.  Thorpe  was  appointed  general 
^uperintendent  of  the  .Alloy  Division,  and  H.  T.  McBratney, 
general  superintendent  of  the  Sheet  Division.  Mr.  Thomas 
and  Mr.  Thorpe  were  formerly  connected  with  the  Gary  Steel 
Works  of  the  L'.  S.  Steel  Corporation,  the  former  as  assistant 
general  superintendent  and  the  latter  as  open  hearth  superin- 
tendent, both  .going  to  the  l'nitcd  .\lloy  Corpofation  in  1918. 
Mr.  McBratney  was  for  a  number  of  years  general  superin- 
tendent of  the  sheet  mills  of  the  .\llegheny  Steel  Company. 
Breckenridgc.   Pa. 

\         v 

B.  I).  Quarrie.  vice-president  and  general  manager  of  the 
Otis  Steel  Company.  Cleveland,  has  been  elected  director  of 
the  Guardian  Savings  &  Trust  Company,  that  city. 

V  V 

W.  H.  Ryan,  for  many  years  associated  with  Pratt  & 
I.etchworth  Company,  Buffalo,  has  accepted  the  position  of 
superintendent  of  the  Malleable  Department  of  the  Superior 
Steel   Castings   Comi)any,   Benton    Harbor,   Mich. 

V  \ 

J.  C.  Peil.  formerly  superintendent  of  foundries.  .Maxwell 
Motor  Company.  Dayton.  Ohio,  later  in  a  like  position  with 
the  Runiley  Company.  La  Porte.  Iiid..  has  taken  an  interest 
in  the  Ypsilanti  Motor  Castings  Company.  Ypsilanti,  Mich.. 
and  has  become  superintendent  of  that  company. 

\         \ 

Robert  C.  ^'ates.  for  many  years  identified  with  the  Cnioii 
Drop  Forge  Compan3-.  Chicago,  has  resigned  to  become  as- 
sociated in  the  capacity  of  general  mana.ger  of  the  Ijiterstate 
Drop  Forge  Company.  Milwaukee.  Wis.  Mr.  Yates,  after 
.uraduating  from  Lnion  College,  was  connected  with  the 
.\mericaii  Locomotive  Company,  at  Schenectady,  X.  Y.,  and 
Bethlehem  Steel  Company.  liavin.g  also  been  manager  for  a 
time  of  the  Chicago  district  office  of  Bethlehem.  The  Inter- 
state Drop  Forge  Company,  which  was  organized  in  1919 
for  the  manufacture  of  small  commercial  forgings.  is  closely 
allied  with  the  Chain  Belt  Company.  Sivyer  Steel  Casting 
Company,  and  Federal  Malleable  Company,  all  of  Milwaukee. 


October,   1922 


HipWa.sf  RimacpSSfpo!  PInnI 


539 


amiiituiuiiiiiiiiiiuiiiKiiiniuiiiiiiiiimiiii iiiiiiiiiiiuiuiiiiiiiiiiiiiuniiHiiiiuiiiinuiiiiuiiiiiiiiuiiiiiiiu uiiiiiiiiiiiiiiiiiiinwiuiiiui iiiiiiiiii iniiiiiiiiii iiiiiiiiiiiiiiiiiiuiii nii i iiiiiiiiiiiiiiiiii iiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilllllliiiiiililliiillliliiiiiiiiiiiiiiiiiiiiiii nm iiiiuiiiniii', 

'  Some  Pointers  on  By-Proauct  Coke  Oven  Operations  ! 


f^iiiii IIIIIIIIII Ill iiiiiiiiiiiiiiiiniiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiniiiii in iiimiiiiiiiiiiiiiiiiii iiiiiiiimiii niiin iiiiiiiiiiiiii i iuii»!iiii iiiiiiiiiiiiiiiii; iii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiMii' 


l!'llllllll1lllllllllllllllllllllllllltllltll~ 


COKING  PROPENSITIES  OF  COAL 

The  results  of  investigations,  carried  out  during  the  last  five 
years  in  the  fuel  laboratories  of  the  Imperial  College  of  Science 
and  Technology,  into  the  resinic  constituents  of  bituminous  coals 
and  their  supposedly  determining  influence  upon  coking  propensi- 
ties, indicate  that  strongly-coking  bituminous  coals  may  be  ex- 
tracted for  prolonged  periods  by  organic  resin-solvents  without 
impairing  their  coking  propensities. 

The  pyridine-chloroform  method  of  extracting  coals  yields 
an  admixture  of  resins  with  a  predominance  of  non-resinous 
substances,  chiefly  of  callulosic  origin.  The  resins  may  be  ex- 
tracted and  isolated  in  a  pure  condition  from  such  coals  by  the 
pyridine-amyl  alcohol  treatment,  with  successive  treatments  with 
ethyl  ether  and  light  petroleum.  These  resins,  however,  do  not 
generally  exceed  1  per  cent  of  the  coal  substance  and  are  not  a 
chief  cause  of  the  coking  propensities  of  coals. 

A  series  of  non-resinous  substances,  mostly  insoluble  in  ether, 
but  soluble  in  chloroform,  are  also  obtainable  by  the  above  men- 
tioned treatments.  They  amount  to  as  much  as  4  per  cent  with 
strong  coking  coals.  These  non-resinous  substances,  upon  being 
heated  out  of  contact  with  air,  give  a  stfong  exothermic  reaction 
between  275  deg.  and  375  deg.  C,  accompanied  by  the  elimina- 
tion of  water.  This  shows  them  to  be  cellulosic  in  type  and 
origin. 

It  is  shown  that  the  coking  propensities  of  coals  are  princi- 
pally due  to  the  presence  of  such  non-resinous  substances  of 
cellulosic  origin,  whose  fusion  temperatures  are  below  those  at 
which  they  undergo  rapid  decomposition  ;  furthermore,  the  more 
complex  substances,  also  of  cellulosic  origin,  which  form  the 
main  portion  of  the  coal  substance,  but  which  decompose  without 
fusion,  have  little  or  no  direct  influence  upon  its  coking 
propensities. 


LOW    TEMPERATURE    CARBONIZATION    OF    COAL 

While  referring  to  the  aims  and  advantageous  results  antici- 
pated from  low  temperature  carbonization  of  coal,  the  author 
comments  upon  its  success  from  an  economical  point  of  view. 
Hitherto,  it  has  been  far  from  a  paying  proposition. 

Difficulties  in  the  past  have  been  threefold,  viz.,  the  swelling 
of  the  charge,  the  long  period  of  carbonization  required,  and  the 
unmarketable  quality  of  the  fuel,  due  to  its  friability.  A  knowl- 
edge of  the  chemical  constitution  of  coal  would  appear  to  be  the 
keystone  of  the  problem,  and  investigations  have  been  made  b\ 
the  author  in  this  respect. 

He  discusses  the  properties  of  the  four  main  types  of  sub- 
stance of  which  coal  consists — the  alpha,  gamma,  beta,  and  ulmin 
compounds — and  a  sketch  gives  a  classification  of  the  various 
types  of  coal,  conditioned  by  the  amounts  of  the  four  ingre- 
dients in  question,  and  by  the  relative  amounts  of  the  various 
types  of  beta  and  gamma  compounds.  Here  is  shown  in  a  quali- 
tative manner  the  variation  in  composition  of  the  various  type-; 
of  coal,  with  quantitative  results. 

The  divers  stages  of  coke  structure  are  described.  Tempera- 
ture gradient  and  plasticity  of  the  coal  mass  are  important 
points  for  consideration,  and  the  author  demonstrates  that  one- 
stage  coals  are  practically  responsible  for  fairly  good,  low  tem- 
perature coke.  It  is  the  natural  one-stage  coal,  where  the  gamma 
compound  is  decomposed  between  a  short  interval  of  tempera- 
ture, which  can  be  carbonized  at  low  temperatures  with  some 
degree  of  success. 


"CHANCE"  PROCESS   OF  FLOTATION 

A  new  flotation  process,  which  bids  fair  to  modify  greatly 
the  methods  now  employed  in  the  preparation  of  anthracite,  has 
been  designed  by  Mr.  T.  M.  Chance,  of  H.  M.  Chance  &  Com- 
pany,  Philadelphia. 

The  machine  utilizes  a  mixture  of  fine  sea  sand  and  water 
The  maximum  specific  gravity  obtainable  with  these  substances 
will  closely  approximate  that  of  the  sand  itself,  while  it  may 
vary  from  this  down  to  unity,  or  the  specific  gravity  of  the 
water  used. 

Illustrations  show  plans  designed  for  a  new  type  of  prepara- 
tion plant,  utilizing  the  new  kind  of  separation  machine,  destined 
for  a  building  129  ft.  in  height.  The  operation  of  a  double  pre- 
parator,  with  a  capacity  of  2,000  tons  of  coal  per  day,  the  feed 
being  3,300  tons  (40  per  cent  of  which  is  refuse'),  requires  41 
men.  The  cubical  contents  of  the  structure  will  be  670,000  cu. 
It.,  and  the  volume  per  ton  of  daily  capacity  will  be  335  cu  ft. 
Preliminary  estimates  show  that  a  building  of  rhis  type  and  size 
would  require  475  tons  of  structural  steel. 

The  mode  of  operation  is  minutely  described,  from  which  it 
would  appear  that  the  division  of  the  coal  from  the  slate  or  bone 
is  done  before  the  coal  is  sized.  When  the  coal  flows  over  from 
a  cone,  it  is  screened  into  egg.  stove,  nut,  pea,  buckwheat  and 
birdseye,  and  the  fine  sand  it  removed.  The  refuse  falls  to  the 
bottom  of  the  cone,  is  trapped  in  a  chamber  having  an  upper 
and  lower  gate,  provided  with  an  interlocking  device,  preventing 
the  two  being  opened  at  the  same  time,  and  is  transported  to  a 
chute  bv  a  refuse  convevor. 


SILICA  BRICK  FOR  COKE  OVENS 

The  British  practice  of  using  quartzite  brick  was  referred  to 
in  a  recent  paper  read  before  the  Coke  Oven  Managers'  Asso- 
ciation. The  author  urges  the  necessity  for  seriously  consider- 
ing, in  the  case  of  erection  of  new  ovens,  whether  silica  brick 
should  not  be  used  instead  of  the  present  generally  utilized 
quartzite.  The  advantages  show  that  with  the  former  quality  of 
brick,  higher  temperatures,  greater  output,  and  greater  thermal 
efficiency  are  obtainable.  At  high  temperatures,  its  conductivity 
is  considerably  superior,  and  instances  are  quoted,  where  the 
future  general  use  of  silica  brick  is  predicted. 

It  is  suggested  that  there  is  no  sacrifice  of  by  product  yield, 
and  as  regards  durability,  most  favorable  results  are  shown  by 
ovens  built  of  silica  brick.  Corrosion  of  the  walls,  which  fre- 
quently happens  where  salty  coal  is  used,  would  be  avoided  by 
the  employment  of  silica,  and  no  clearer  or  more  convincing 
evidence  could  be  cited  in  the  latter's  favor  than  where  two  bat- 
teries of  coke  ovens,  respectively  built  of  silica  and  quartzite. 
were  working  side  by  side.  The  former  lasted  six  j'ears,  while 
the  latter   required   rebuilding  after   three  to  nine   months. 

A  matter  of  importance  is  the  property  which  silica  brick 
posssesses  of  expanding  permanently,  and  when  working  at  high 
temperatures  care  should  be  taken  to  select  a  brick  of  which 
the  permanent  expansion  is  low. 

-Reference  is  made  to  the  crystal  modifications  of  silica,  which, 
on  account  of  the  accompanying  tremendous  changes  in  volume, 
should  take  place  in  the  kiln,  and  not  in  the  oven.  A  table  shows 
the  changes  which  take  place  when  silica  brick  is  heated. 

Canister  or  quartzite,  suitable  for  a  first  class  brick,  should 
not  contain  less  than  97  per  cent  silica,  and  an  ideal  composition 
is  mentioned.  Physical  properties  are  equally  as  important,  and 
it  is  not  advisable  to  use  a  brick  with  a  higher  specific  gravity 
than  2.35- 
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The  Consiilid.iti'il  Cas  I'llcctric  l.iulit  &■ 
I'ower  Ciinipany  of  Haiti  in  ore  has  placed 
DrcliT  with  The  V.  t>.  I.  Contractins  Com- 
pany of  Phila(le!|>hia  for  two  U.  C  1.  tar 
extractors,  each  havinK  a  capacity  of  6.000.- 
OnO  cu.  ft.  per  day.  The  latter  company 
has  also  received  orders  to  install  two 
similar  tar  extractors  at  the  I.an^sdale 
.Xveinit  plant  of  the  Citizens  C.as  Company 
of  Indianapolis,  and  one  tar  extractor  of 
■l.SOO.OCO  en.  ft.  capacity  at  its  Prospect 
Street  jilant. 

!■".  J.  K'yan  \-  Coinpaii\.  Wesk-y  UnildiiiK. 
l'liiladel|iliia.  l^i..  industrial  furnace  equip- 
ment specialists,  announce  the  recent  re- 
ceipt of  contracts  for  furnace  eqnipmcnts 
from  the  followiniJ  concerns:  .\inerican 
h'ork  &  Hoe  Company.  Miltmi  Manufac- 
turiiiK  Company.  Crncihie  Steel  Castini^s 
Company.  Cleveland.  Ohio;  Davis  Rroth- 
ers.  \e\v   Process  Metals  Corporation. 

The  Power  Specialty  Company.  Ill 
Mroadway.  \tw  York,  announces  the  ap- 
|)ointment  of  Pell  W.  I'-oster.  jr..  as  Xeu 
luiHland  district  manajrer,  with  offices  at  .^0 
Congress  Street.  Boston.  Mr.  Foster  was 
formerly  in  the  Xew   ^'ork  sales  oHice. 

The  Chicajjo  l''lexilile  Shaft  Company. 
Koo.seveh  Road  and  Central  .Avenue,  Chi- 
cago, has  opened  a  new  district  sales  of- 
rice.  with  hendnuarters  ;a  .iO.^  .Merchants 
Bank  Buildins.  Indianapolis,  to  handle  fur- 
nace .-ales  in  Southern  Ohio  and  Indiana, 
and  Western  West  X^iryinia.  ]■'.  W.  Ode- 
mar  is  in  charge. 

.Mfrcd  l!ox  X-  Company.  Inc..  I'hlladel- 
l)hia.  electric  and  hand  cranes  and  hoists. 
opened  a  factory  hraiich  olfice  at  .50  Church 
Street.  \ew  York,  on  September  15.  X.  C. 
I'"ailer.  an  engineer  who  has  specialized  in 
handliiiK  these  lines,  is  in  charge.  This  is 
the  beginning  of  a  pla-i  to  establish  direct 
factory  branches  in  a  number  of  large  busi- 
ness centers. 

The  Kcoiiomv  I'use  &  Mfg.  Company. 
C.reenview  .Avenue.  Chicago,  ha.s  moved  its 
Detroit  sales  ollicc  from  1012  Majestic 
Building  to  ]?2S  First  Xational  Bank 
Building. 

The  Diamond  Chain  &•  Mfg.  Company. 
Indianapolis,  announces  the  opening  of  an 
office  at  340  l,ea<ler-Xews  Building,  Cleve- 
lanrl.  H.  I.  Markey.  for  five  years  mechani- 
cal engineer  with  the  Diamond  Chain  Com- 
pany, will  he  in  charge. 

The  Lniteil  States  Coal  Ci:  Coke  Com- 
pany, Gary.  W,  \a.,  are  going  to  use  bone 
coal,  which  was  formerlv  considered  waste. 
as  a  boiler  fuel.  -  To  this  end  they  are  in- 
stalling in-  their  new  plant  two  46-in.  Ful- 
ler-!,ehigh  screen  mills  for  pulverizing  coal. 


I'uller-Kinyon  distributing  system  for  con- 
veying the  pulverized  coal  from  the  mills 
to  the  furnace  bins  and  each  SOO-hp.  boiler 
will  be  e(|uip|)ed  with  five  vertical  hurners. 
taking  the  fuel  from  five  .Vin.  screw- 
feeders. 
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The  Bristol  Company.  Waterbury.  Conn., 
have  issued  a  new  ()8-page  catalogue  de- 
voted to  Bristol  nyrometcrs.  The  catalogue 
is  very  profusely  illustrated  and  contains 
very  valuable  coiul'-nsed  information  on 
the  subject.  The  catalogue  is  Xo.  UOl 
Bristol^   Pyrometers. 

'!•'.  J.  Ryan  \  Company  have  recently 
issued  Bulletin  4.\.  entitled,  "Liquid  Fuel 
Burning  for  the  Generation  of  Steam."  It 
is  very  interesting  and  will  be  sent  upon 
re(|uest. 

The  Brown  Instrument  Coini)aiiy  ha\e 
issued  a  new  Catalogue  Xo.  85  on  the  autr)- 
matic  control  of  temperatures  through 
Brown  indicating  and  recording  instru- 
ments. 

One  ot  the  most  interesting  publications 
of  the  year  in  the  mechanical  stoker  field 
is  the  new  bnlletin.  "Cutting  the  Cost  of 
Producing  Steam."  inst  published  by  the 
Detroit  Stoker  Company  of  Detroit.  Mich. 
The  bulletin  starts  with  the  premise  that 
"One  of  the  conditions  necessary  to  the 
efficiet  combustion  of  coal  is  the  uniform 
liberation  of  the  \olatile  gases.  This  is  a 
condition  winch  practically  ne\  er  can  b» 
obtained  in  the  haml-tired  furnace.  Inas- 
much as  the  hand-fired  furnace  also  repre- 
sents definite  limitations  in  the  way  of 
utilizing  the  cheapest  grades  of  fuel,  engi- 
neers are  today  finding  that  the  wav  to  im- 
prove boiler  room  o|)eraling  conditions  is 
to  install  mechanical  stokers."  I-"rom  this 
point  the  bulletin  takes  up  the  dollars  .ind 
cents  value  of  mechanical  stokers,  dealing 
with  each  of  the  savings  etfected,  in  detail. 
It  next  deals  with  the  application  of  ad- 
vanced engineering  principles  and  modern 
stoker  design,  and  then  conchide>  with  a 
section  on  the  srrvicc  of  the  mechanical 
stoker,  unique  in  its  treatment.  The  bul- 
letin is  a  beautiful  example  of  the  printer's 
and  engraxer's  art.  a.s  well  as  being  one  of 
the  most  readable  and  interesting  pieces  of 
literature  put  out  in  the  power  e<piipnient 
lield.  Comjilimentary  co])ies  will  be  for- 
warded to  intere.-ted  engineers  and  execu- 
tives, upon  request. 

lleibcrt  Morris,  liu..  Buffalo,  has  pub- 
lished an  illustrated  folder  in  which  worm- 
gear  chain  blocks  are  described  and  illus- 
trated. One  illustration  shows  a  10-lon 
block  lifting  a  load  of  15  tons,  the  lilt'ng 
being  <lone  by   means  of  its  own  gears. 

.A.  \\".  Cadman  .\I  fg.  Company.  Pitts- 
burgh,  has   published   a   16-page   illustrated 


booklet  in  which  bearing  metals  are  <le- 
scribc<l.  The  booklet  contains  interesting 
iiifiirniation  includint'  requirements  of 
bearing  metals,  properties,  tensile  strength 
and  bonding  properties,  etc 

Two  bulletins  under  one  cover  are  being 
circulated  by  the  C  S.  G-dvanizii.g  &  Plat 
iiig  Ivpiipment  Corporation.  Xew  ^'ork.  the 
lirst  devoted  to  describing  and  illustrating 
moving  cathode  plating  apparatus  for  plat- 
in.:.'  or  electric  galvanizing,  and  the  second  to 
automatic  cleaning,  pickling,  acid  dip,  neu- 
tralizing, rinsing,  drying  and  allied  equip- 
ment. 

The  l\sterline-.\ngn-  Company.  Indian- 
apolis, is  circulating  a  4-page  illustrated 
folder  in  which  the  use  of  graphic  record- 
ing equipment  is  described.  How  engi- 
neers for  the  Milwaukee  Coke  Ik  Gas  Com- 
pany maintained  a  continuous  check  on  the 
performance  of  a  gravity  concrete  mixing 
plant  is  told  in  the  booklet  as  well  as  how 
graphic  records  taken  in  a  Chicago  ollice 
building  showed  why  lighting  bills  were 
high. 

The  Thompson  Flcctric  Company. 
Cleveland,  has  published  a  12-page  illus- 
trated folder  in  which  disconnecting  elec- 
tric li.ght  hangers  for  use  in  industrial  and 
other  lighting,  are  described  and  illustrated. 
The  booklet  points  out  the  waste  caused 
through  dirty  reflectors  as  well  as  the  dan- 
gers encountered  by  workmen  in  climbing 
to  wash  stationary  lamps.  W'itli  the  aid 
of  lamp  hangers  such  dangers  and  waste 
can  be  eliminated.  The  lamps  c;;n  be  in- 
stalled anywhere  and  easily  lowered,  in  the 
latter  o|)eration  the  lamp  disconnecting 
from  the  circuit  leaving  the  wiring  undis- 
turl)e<l.  When  pulled  hack  into  ])lace  again 
the  lamp  automatically  g(.es  back  into  the 
circuit  and  locks.  .\  complete  description 
of  the  hangers  is  given  which  is  su|iple- 
inented  with  illustrations  and  line  drawings. 

.-\  power  fed  vertical  hollow  chisel  mor- 
tiser  is  described  and  illustrated  in  a  4-pa,ge 
dlustrated  bulletin  being  circulated  by  the 
Oliver  .Machinery  Company,  Grand  Rapids 
.Mich.  This  mortiser  will  handle  chisels 
iroin  '4-inch  to  '  i-inch  square  The  stroke 
is  adjustable  from  2' j  inches  to  4  inches 
long.  .Stock  6  inches  wide  can  be  centered 
beneath  the  chisel.  Hollow  chisels  vith 
4-inch  blades  will  mortise  in  12-inch  high 
material;  chisels  with  2'j-inch  blades  arc 
couiinonly  used  in  'i-in-h  and  5/16-inch 
sizes.  The  column  is  a  rigid,  hollow,  box 
type.  )ne  piece  casting  having  a  wide 
Hanged  floor  sut)port.  It  encloses  the 
power  feed  mechau'sm  with  the  cxceiition 
of  the  drive  pulley.  The  ways  for  the 
chisel  carriage  and  for  the  tabic  are  planed 
at  one  setting  to  insure  accurate  alignment. 
.\  fan  blower  built-in  back  of  the  colunui 
furnishes  a  constant  air  blast  which  cools 
the  tools  and  keei>s  the  work  free  from 
chips.  A  complete  description  of  the  tool 
is  given. 
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American  Iron  and  Steel  Institute  Meeting 

Judge  Gary  Suggests  Second  Washington  Peace  Conference  at 
Twenty-Second  General  Meeting — A  Number  of  Extremely  Valu- 
able Technical  Papers  Were  Read. 


ON  October  27  the  American  Iron  and  Steel  Institute 
held  its  twenty-second  semi-annual  meeting  in  New 
York.  The  day  was  devoted  to  the  address  of  the 
president  of  the  Institute,  Judge  Elbert  A.  Gary,  chair- 
man of  the  United  States  Steel  Corporation,  and  to  the 
reading  and  discussion  of  technical  papers,  which  are 
listed  below.  A  number  of  these  papers  are  included  in 
this  issue. 
Address  of   the   President,    Elbert   PI.   Gary,    chairman. 

United  States  .Steel  Corporation,  New  York. 
"Modern  Methods  of  Mining  Coal,"  H.  Foster  Rain,  Di- 
rector, Bureau  of  Mines,  Washington,  D.  C. 
"The  Storage  of  Bituminous  Coal,"  H.  PI.  Stock,  Profes- 
sor of  Mining  Engineering,    University    of    Illinois, 
•Urbana,  111.    J.  V.  Freeman,  Director,  Coal  and  Coke 
Research  Laboratory,  United  States  Steel  Corporation, 
Joliet,  111. 
"The  Present  Status  of  the  Electric  Furnace  in  Refining 
Iron  and  Steel,"  J.  A.  Mathews,  President,  Crucible 
Steel  Company  of  America. 
"Economic  Importance  of  the  Power  Plant  in  the  Steel 
Industry,"  E.  F.  Entwisle,  Assistant  General  Mana- 
ger, Steel  Plant,  Bethlehem  Steel  Corporation,  Steel- 
ton,  Pa. 
"The  Steel  Requirements  of  the  Automotive  Industry," 
Henry  Chandler,  Metallurgist,  C.  H.   Wills  &  Com- 
pany, Marysville,  Mich. 
"Heating  Furnaces  for  Blooms,  Slabs  and  Billets,"  W.  P. 
Chandler,  Jr.,  Fuel  and  Experimental  Engineer,  Car- 
negie Steel  Company,  Duquesne,  Pa. 
"Use  of  Liquid  Fuel  in  Metallurgical  Furnaces,"  R.  C. 
Helm,   Director.   \V'orcester   Research   Laboratory   of 
the    American    Steel    &   Wire   Company,    Worcester, 
Mass. 
"The  Thermal  Efificiency  of  the  C)pen  Hearth  Furnace," 
C.  L.  Kinney,  Jr.,  Superintendent  No.  1  Hearth  De- 
partment, South  Chicago  Works,  Illinois  Steel  Com- 
pany,  South   Chicago,    II.      G.    R.    McDermott,    Fuel 
Engineer,  South  Chicago  Works,  Illinois  Steel  Com- 
pany, South  Chicago,  111. 
"F"luor  Spar  and  Its  Uses,"  G.  H.  Jones,  President,  Hill- 
side Fluor  Spar  JMines,  Chicago,  111. 


Gary  Suggests  Nations'  Meet. 

Another  international  peace  conference  in  Washing- 
ton for  the  full  and  frank  discussion  of  all  unsettled 
financial,  commercial  and  industrial  questions  in  which 
the  United  States  is  interested,  was  suggested  by  Elbert 
H.  Gary,  chainnan  of  the  United  States  Steel  Corpora- 
tion in  a  speech  at  the  semi-annual  meeting  of  the  .Amer- 
ican Iron  and  Steel  Institute,  of  which  he  is  president. 
Such  a  conference,  he  said,  should  be  participated  in  by 
able,  open-minded,  well-disposed  representatives  from 
the  difterent  nations,  such  as  those  who  appeared  at  the 
recent  limitation  of  armament  conference. 

"If  there  be  such  a  meeting,"  he  declared,  "and  the 
delegates  are  all  of  the  type  referred  to,  there  will  result 
incalculable  good  to  all  who  are  parties.  They  would  not 
decide  how  to  overcome  the  old  established  law  of  sup- 
ply and  demand,  how  to  avoid  or  repudiate  existing 
obligations,  but  rather  how  and  when  to  fulfill  them  with- 
out irreparable  injury  to  anyone  or  the  sacrifice  of  prin- 
ciple. While  it  is  true  members  of  such  a  conference 
would  be  compelled  to  consider  and  in  a  large  measure  be 
governed  by  the  wishes  of  their  respective  constituencies, 
it  is  believed  the  large  majority  of  the  populations  mak- 
ing up  such  constituencies  would  be  sensible  and  honest." 

Should  Pay  War  Debts. 

Cancellation  of  Elurope's  war  debts  to  the  LInited 
States  was  opposed  by  the  speaker.  The  debts,  he  said, 
were  voluntarily,  openly  and  fairly  contracted  and  can- 
not be  cancelled  or  disposed  of  on  any  other  basis,  with- 
out doing  damage  to  justice  and  rules  of  propriety 

"To  cancel  these  debts  or  any  part  of  them  without 
fuU  payment,"  he  asserted,  "would  be  forced  charity,  and 
that  is  never  agreeable  to  the  donor,  and,  as  a  rule, 
equally  disagreeable  to  a  self-respecting  person  or  nation. 
It  is  the  individual  citizens  of  the  different  countries  who 
are  to  be  consulted  and  whose  decisions  must  control. 

"A.mericans  generally  would  not  be  content  with  gov- 
ernmental action  which  relieved  from  debt  the  citizens 
of  a  foreign  nation  by  increasing  the  burdens  of  the  for- 
mer. Likewise  foreigners  generally  would  oppose  any 
enforced  act  of  charity.  Certainly  it  would  be  abhorrent 
to  the  business  man  and  woman  of  both  countries." 
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The  attitude  and  conduct  of  a  nation,  he  said,  should 
not  he  dilTcrent   fvoni  that  of  an  iiuhvidual. 

Thinks  Nations  Can  Pay. 

"In  the  judj,nnent  of  many  of  us  the  foreign  nations 
can  and  are  willing  to  pay  their  debts,  some  sooner  than 
others,  and  most  of  them  sooner  tlian  is  now  generally 
admitted.  We  know  something  of  their  capacity  to  work 
and  earn  and  save  and  their  successes  in  business  and 
their  mode  of  living.  No  doui)t  in  many  instances  pro- 
ductive capacity  has  been  reduced  and  we  share  in  their 
sutTering  on  account  of  deprivation. 

"We  should  be  cheerfully  willing  to  extend  payment 
at  reasonably  low  rates  of  interest.  We  should  be  glad 
to  make  new  loans  wlicnever  we  are  conlident  they  will 
be  paid,  and  thus  as.sist  in  restoration  and  rehabilitation. 
Every  man  or  nation,  in  order  to  measure  up  to  obliga- 
tions, must  work  and  save,  must  be  prudent  and  eco- 
nomical." 


Settlement  on  both  sides  of  industrial  disputes  or 
(|uestions  involving  the  welfare  of  the  pubic  was  advo- 
cated by  the  speaker. 

There  are  no  obstacles  to  continued  prosperity  in  the 
iron  and  steel  business  in  the  United  States,  the  speaker 
asserted,  except  such  as  may  arise  from  interference  with 
the  natural  course  of  supply  and  demand.  Touching  on 
the  recent  coal  and  rail  strikes,  he  said  if  the  natural 
course  of  business  had  not  been  interfered  with  the  iron 
and  steel  industry  would  now  be  enjoying  success  and 
prosperity  greater  than  ever  before,  so  far  as  volume  is 
concerned.  The  one  to  l)laine,  he  said,  is  "any  one  who 
by  word  or  deed  has  interrupted  or  hindered  the  opera- 
tion of  the  natural  laws  of  supply  and  demand ;  or  has 
interfered  with  the  full,  free  and  inilimitcd  right  to  work, 
to  operate,  and  to  produce." 


Present  Status  of  the  Electric  Furnace 

Brief  History  of  Development  of  Electric  Furnace  for  Refining 
Iron  and  Steel — Reasons  for  Expansion  of  Electric  Steel  Making 
— Demand  for  Clean,  Sound  Steel  Will  Cause  Its  Increased  Use. 

By  JOHN  A.  MATHEWSt 


IT  seems  to  have  been  generally  overlooked  by  the  steel 
trade  that  this  year,  1922,  marks  the  ter-centenary  of 
iron  making  in  the  Western  Hemisphere.  In  1622,  the 
first  iron  was  made  at  Falling  Creek,  Va.,  and  in  the 
same  year  the  plant  was  destroyed  and  the  workmen 
massacred  by  the  Indians.  It  is  a  far  cry  from  charcoal 
liearths  and'  forges  to  the  consideration  of  the  electric 
furnace — the  latest  development  in  steel  niaking  processes. 

The  earliest  literature  of  electric  melting  of  iron  and 
.steel  dates  l)ack  but  a  score  of  years  and  was  provided 
by  the  inventors  of  various  furnace  types.  It  is  char- 
acterized by  the  enthusiastic  optimism  of  the  inventor 
and  on  that  account  may  not  have  been  considered  very 
seriously  by  conservative,  practical  steel  men.  Their  con- 
fidence in  electric  furnaces  may  not  have  been  greatly 
increased  during  the  next  few  years  by  the  writings  (in- 
cluding mv  own)  of  those  who  made  the  earliest  installa- 
tions. Tliey  may  have  felt  that  there  was  something  of 
the  child-with-a-new-toy  air  about  them,  and  that  both 
inventors  and  early  users  were  overstating  the  case  and 
that  time  and  further  experience  might  change  matters. 
The  war  needs  stirred  some  of  the  doubting  Thomases 
to  action  and  furnaces  were  installed  in  great  numbers, 
particularly  in  the  years  1917  and  1918.  So  rapid  was 
the  introduction  of  electric  furnaces  at  this  time  that  I 
felt  constrained  to  utter  a  word  of  caution  in  a  previous 
paper  to  this  Institute"!  when  I  said:  "We  will  pass 
through   a   period    of    reaction   and   dissatisfaction    with 

*A  paper  read  before  the  .A.inerican  Iron  and  Steel  In.sti- 
tute,  at  New  York,  October  27,  1922.  The  paper  was  entitled, 
"The  Present  Status  of  the  Electric  Furnace  in  Refining  Iron 
and  Steel." 

fPresident,  Crucible  Steel  Company  of  .A.merica,  New 
York. 

t'The  Electric  Furnace  in  Steel  Manufacture."  Yearbook, 
American  Iron  and  Steel  Institute.  1916,  p.  73   (May,   1916). 


electric  products  while  many  of  the  new  furnaces  are  in 
the  experimental  stage." 

Tliis  opinion  was  based  upon  the  fear  that  furnaces 
could  be  built  faster  than  skilled  operators  could  be 
trained.  I  now  feel  that  my  fears  were  justified  by  the 
experiences  of  the  war  period,  for  much  electric  furnace 
product  was  not  what  it  should  have  been,  and  possibly 
not  as  good  as  much  of  the  open  hearth  product  pro- 
duced during  the  same  period.  I  have  always  discour- 
aged the  idea  that  the  electric  furnace  was  a  foolproof 
and  automatic  process  for  making  superior  steel  by  those 
unskilled  in  steel  making. 

I  believe  now  that  the  period  of  disalTeclion  is  past 
and  that  the  16  years  of  experience,  since  the  first  elec- 
tric furnace  was  installed  in  .America,  at  the  Halcomb 
Steel  Company,  have  been  sufficient  to  afford  a  sounder 
basis  of  judgment  than  may  have  been  afforded  by  the 
earlier  literature  already  mentioned.  There  are  now 
nearlv  1,000  electric  furnaces  in  America  and  Europe, 
not  quite  one-half  of  them  in  the  United  States  and 
Canada.  Constant  interest  in  these  developments  from 
the  beginning  leads  me  to  feel  that  the  pioneer  writers 
were  not  over  enthusiastic  and  that  their  claims  and  pre- 
dictions have,  in  general,  been  fulfilled. 

It  will  surprise  many  of  you  to  know  that  Italy  has 
about  180  electric  furnaces  for  steel  melting,  that  27  of 
them  are  from  15  to  25  tons  capacity,  and  in  1921  her 
tonnage  of  electric  steel  was  second  only  to  that  of  the 
United  States,  and  reached  a  new  high  mark  for  that 
country.  The  annual  productive  capacity  there  is  about 
1,000,000  tons,  and  Doctor  Giolitti  reccntlv  told  me  that 
some  of  tliese  furnaces  were  operating  at  unusually  high 
speed  and  with  great  economy  of  electrode  consvmiption, 
as  low  as  6j^  pounds  per  ton  for  cold  melting.  For  in- 
stalled capacity,  Italy  ranks  ahead  of  Germany,  England 
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and  France,  and  second  only  to  the  United  States 

The  rapidity  with  which  electric  furnaces  have  been 
installed  within  the  last  decade  all  over  the  world  calls 
for  some  analysis  as  to  cause.  After  10  or  12  years  of 
invention  and  pioneering  there  were  about  125  furnaces 
in  the  world  in  1912.  At  this  time,  Germany  led  with 
nearly  one-third  of  the  total  number.  Today,  as  nearly 
as  may  be  estimated,  there  are  1,000  furnaces,  388  of 
them  being  in  the  United  States,  according  to  the  Iron 
Age  figures  for  January  1,  1922.  Accurate  statistics  have 
been  extremely  difficult  to  secure  during  late  years,  but 
according  to  Doctor  Richard  Amberg*  there  are  6.5  fur- 
naces in  Germany  engaged  in  the  manufacture  of  ingots, 
with  a  yearly  productive  capacity  of  430,000  tons  and  an 
unknown  number  of  furnaces  making  steel  castings  with 
a  capacity  estimated  at  300,000  tons  per  annum.  I  think 
we  may  estimate  the  total  number  of  electric  furnaces  in 
Germany  as  about  100  to  110. 

The  reasons  for  the  world-wide  expansion  of  electric 
steel  making  are  three  : 

(11  Cheapening  of  wliolesale  power  rates,  due  to 
hydro -electric  and  improved  steam  plant  developments. 
Thus  it  is  now  commercial  to  use  electricity  for  melting, 
whereas  the  original  promoters  of  arc  furnaces  felt  that 
their  use  would  be  of  necessity  confined  to  refining  of 
metal  premelted  by  the  older  processes. 

(2)  The  extreme  flexibility  and  adaptability  of  elec- 
tric furnaces  to  a  wide  range  of  uses.  It  has  been  shown 
by  experience  that  they  may  be  successfully  used  for 
melting  cold  charges  or  refining  liquid  charges,  for  mak- 
ing ingots  or  castings,  and  for  melting  ferro-alloys.  They 
may  be  used  in  conjunction  with  the  blast  furnace  or 
cupola  for  making  grey-iron,  malleable  and  semi-steel 
castings.  For  foundry  use  particularly,  the  small  units 
are  advantageous  for  making  frequent  small  heats  of 
steel  or  iron  castings. 

The  most  popular  size  of  electric  furnace  in  this 
country  is  of  six  gross  tons  capacity,  but  furnaces  from 
one-half  ton  to  40  tons  capacity  have  proven  equally  suc- 
cessful. In  furnaces  of  six  tons,  or  a  little  larger,  hand 
charging  is  general,  but  in  the  larger  sizes  either  mechani- 
cal charging  of  cold  materials  or  the  use  of  hot  metal 
charges  is  usual.  Duplexing  of  open  hearth  steel  is  prac- 
ticed in  many  of  the  larger  units,  while  triplexing  is  done 
at  the  great  installation  at  the  Illinois  Steel  Company  as 
described  at  the  Institute  a  few  years  ago  by  Mr.  T.  W. 
Robinsont. 

All  of  the  manifold  methods  of  operation  are  possible 
with  the  use  of  arc  furnaces,  which  are  by  far  the  most 
frequently  used,  here  and  abroad.  Of  the  different  types 
of  arc  furnaces  in  the  United  States  nearly  one-half  are 
of  the  rieroult  type  and  considerably  more  than  one-half 
of  the  productive  capacity  is  represented  by  them. 

The  electric  furnace  has  small  possibilities  in  this 
country  for  the  manufacture  of  pig  iron  from  the  ore, 
but  during  the  war  period  several  furnaces  were  used  to 
make  so-called  synthetic  pig  iron  from  turnings  and 
borings  and  other  light  scrap,  in  the  United  States,  Can- 
ada and  France.  In  Sweden,  Norway  and  Italy,  where 
metallurgical  fuel  is  very  dear  and  electricity  is  cheap, 
electric  smelting  of  ores  is  an  established  industry.  The 
world's  production  for  1921  is  placed  at  377,90O  tons, 
and  most  of  you  will  recall  that  the  year  1921  was  not  a 
good  )'ear  for  high  records. 


*Electric  Furnaces  in  the  Iron  and  Steel  Industry,  Helios, 
vol.  28,  p.  169,  for  April,  1922. 

f'The  Triplex  Process  of  Producing  Electric  Steel  at  South 
Chicago,"  Yearbook,  American  Iron  and  Steel  Institute,  1918, 
p.  115. 


(3)  Quality  of  products.  A  new  process  to  succeed 
must  be  cheaper  in  operation  or  produce  a  better  quality. 
The  cost  of  electric  steel  is  rarely  lower  than  open  hearth 
and  never  lower  than  Bessetner  and  therefore  its  success 
is  presumably  due  to  its  producing  a  generally  superior 
product.  Of  cour.se,  there  are  especially  favored  localities 
or  peculiar  market  conditions  which  warrant  the  instal- 
lation of  small  electric  furnaces  where  open  hearth  and 
Bessemer  installations  would  be  out  of  the  question.  In 
the  same  localities  and  markets  electric  furnaces  do  oper- 
ate successfully  alongside  of  large  tonnage  plants  and 
under  such  conditions  quality  must  be  the  principal  rea- 
son for  success  rather  than  low  cost. 

It  is  quite  obvious  that  this  country  has  not  installed 
1,500,000  tons  of  productive  capacity  to  compete  with 
the  present  crucible  capacity  of  one-tenth  that  volume. 
In  an  address  several  years  ago,  I  said,  "It  is  seldom 
that  a  process  is  discovered  that  cannot  be  improved 
upon.  Crucible  steel  is  an  exception  to  this  rule.  This 
earliest  process  makes  the  best  steel  and  has  never  been 
surpassed."  The  superior  lasting  qualities  of  German 
guns  was  often  ascribed  to  the  use  of  molybdenum,  zir- 
conium, uranium  or  other  strange  alloys,  but  my  own 
idea  is  that  the  use  of  clean,  well  melted  crucible  or  elec- 
tric steel  is  a  more  probable  explanation.  Crucible  steel 
was  employed  for  many  submarine  crankshafts,'  and 
apparently  the  Germans  recognize  that  when  fabricating 
and  machining  costs  are  far  in  excess  of  material  cost, 
and  where  dependability  is  a  vital  necessity,  it  is  a  poor 
policy  to  save  at  the  spigot  and  let  out  at  the  bunghole. 
Oualitv  depends  upon  the  selection  of  raw  materials,  the 
process  of  melting  and  subsequent  care  in  forging  and 
heat  treating.  The  electric  furnace  provides  a  reducing 
atmosphere  in  which  sulphur  is  readily  removed  and 
with  it  goes  one  of  the  generally  recognized  inclusions, 
manganese  sulphide,  and  the  same  condition  serves  to 
eliminate  oxides. 

The  electric  furnace,  therefore,  is  a  potential  source 
of  clean  steel  which  is  more  highly  appreciated  than  for- 
merly, and  the  electric  product  is  opportune  to  meet  the 
new  and  exacting  requirements  for  ordnance,  automo- 
biles and  aeroplanes,  and  other  devices  in  which  alter- 
nating stresses  are  very  severe.  The  importance  of  clean 
steel  has  been  observed  in  the  course  of  extensive  investi- 
gations of  the  fatigue  of  metals  under  the  direction  of 
Professor  H.  F.  Moore.  It  is  not  too  much  to  expect 
that  the  higher  the  elastic  or  proportional  litnit  resulting 
from  heat  treatment,  the  more  serious  would  becoine  de- 
fects such  as  non-metallic  inclusions  and  seams  in  parts 
made  from  inferior  steel.  Doctor  McCrance  confirms  this 
in  stating  that  fatigue  failure  under  repeated  stress  is  a 
progressive  failure,  starting  in  all  cases  in  some  defect 
or  irregularity  either  of  internal  structure  or  external 
surface. 

By  way  of  illustrating  the  freedom  from  inclusions  in 
electric  steel,  I  might  mention  the  result  of  actual  count 
of  hairlines,  due  to  inclusions,  in  the  ground  surface  of 
steels  of  the  same  chemical  specification — a  chrome-nickel 
steel  for  aeroplane  crankshafts.  As  the  result  of  tests 
on  several  heats  of  this  steel  by  the  basic,  and  acid  open 
hearth  and  basic  electric  process,  the  average  count  ran 
in  the  ratio  of  8  to  4  to  1,  and  the  hairlines  in  the  elec- 
tric steel  were  much  shorter  than  in  the  steel  of  open 
hearth  manufacture.  Another  illustration  from  my  own 
experience  may  be  convincing.  In  one  of  the  races  at 
the  Indianapolis  Speedway  a  few  years  ago,  about  one- 
half  of  the  cars  starting  did  not  finish  because  of  failure 
of  vital  parts.    The  following  year  nine  or  ten  cars,  which 
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I  knew  contained  our  electric  furnace  product  in  their 
important  parts,  all  linislicd  the  race  without  mishap, 
and  included  the  winning;  car.  \  practical  demonstra- 
tion of  this  kind  is  more  eloquent  than  columns  of  tlsjures 
of  laboratory  tests.  The  recent  ])aper  by  \\\  J.  Priestley* 
outlines  the  splendid  results  of  electric  furnace  ordnance 
steels  made  at  Charleston,  \V.  Va.,  in  the  lar<;est  furnaces 
in  the  United  States.  He  shows  that  the  results  are  due 
to  clean  steel  and  freedom  from  oxides,  sulphur  and 
phosphorus.  These  results  show  that  larfje  imits,  with 
])ro])er  handling,  can  produce  very  high  quality  steel,  and 
we  see  no  reason,  now  that  larger  electrodes  can  be  made 
of  dependable  quality,  why  a  f)0  or  80-ton  furnace  cannot 
be  expected  to  give  relatively  as  satisfactory  results.  The 
electric  steel  rail  is  still  a  desired  possibility.  The  in- 
creased demands  made  upon  materials  of  construction 
call  for  new  methods  for  meeting  those  demands.  As  I 
stated  here  six  years  ago,  the  electric  furnace  was  oppor- 
tunely invented  to  meet  a  new  demand  rather  than  to  re- 
place an  old  process. 

It  would  be  mere  repetition  to  restate  here  the  vari- 
ous types  of  furnaces,  such  as  arc.  induction,  radiation, 
etc.  They  have  been  described  in  books  and  technical 
magazines  and  we  need  only  observe  in  passing  that  there 
have  been  no  new  principles  of  heating  emploved  since 
the  first  few  years — with  the  possible  exception  of  Doc- 
tor Xorthrup's  high  freejuency  induction  furnace  which 
has  not  thus  far  been  successfully  employed  in  units  of 
commercial  size  in  the  steel  industry.  Of  mechanical  and 
electrical  refinements  there  have  been  many,  all  in  the 
nature  of  improvements  in  regulation  and  economy. 
.•\mong  these  may  be  mentioned  two  of  American  ori- 
gin, J.  A.  Seede's  automatic  electrode  regulator,  and  E. 
T.  Moore's  peak-load  regulator.  The  principle  of  dual, 
or  rather  multiple,  voltages  was  embodied  in  our  orginial 
installation  in  1906.  but  its  metallurgical  significance  was 
not  so  apparent  as  it  was  later  when  we  installed  a  jiroc- 

*"Effect  of  Sulphur  and  Oxides  in  Ordnance  Steel."  Trans- 
actions American  Institute  of  Mining  and  Mctallurg-ical  Engi- 
neers, vol.  Ixvii.  p.  317   (1922). 


ess  employing  a  220-volt  arc  and  with  considerable  diffi- 
culty succeeded  in  persuading  the  inventor  that  provision 
for  a  lower  voltage  for  use  during  the  refining  period 
must  be  provided.  The  desirability  of  relatively  high 
voltage  for  melting  and  low  voltage  for  refining  is  now 
generally  recognized.  Many  improvements  have  been 
made  as  the  shortcomings  of  the  earlier  furnaces  ap- 
peared, such  as  well  fitting  doors,  water  cooled  arches, 
better  electrodes  and  holders  and  economizers  to  cut 
down  oxidation  and  waste  of  the  electrode.  In  my  own 
experience  I  have  seen  electrode  costs  per  ton  of  product 
as  high  as  $8.00  gradually  decline  to  35  cents.  This  was 
in  a  furnace  refining  molten  charges. 

The  electric  furnace  is  also  a  recognized  factor  in 
melting  non-ferrous  alloys  such  as  "Nichrome,"  "Re- 
zistal,"  "Stellite,"  stainless  steel,  manganese  steel  and 
high-speed  steels,  besides  an  endless  variety  of  the  sim- 
pler alloy  and  carbon  steels  from  the  mildest  to  the 
hardest  tempers.  .-\s  stated  earlier  in  this  paper,  its  as- 
tonishing fiexibility — versatility,  we  might  call  it — has 
attracted  the  attention  of  the  metallurgical  world  in  al- 
most every  branch  of  smelting,  melting,  refining,  heating 
and  even  baking  metals.  To  those  of  us  who  have 
watched  its  growth  from  the  start,  it  seemed  very  slow 
in  achieving  the  recognition  we  felt  must  inevitably  come 
to  it,  but  at  last  our  early  confidence  has  been  confirmed 
in  every  steel-making  country,  because  its  products  have 
fulfilled  almost  every  e.xpectation  in  every  field  wherein 
it  has  been  thoroughly  tried.  The  present  success  is  due 
not  only  to  the  original  inventors  of  the  basic  processes, 
but  also  to  the  active  co-operation  of  the  great  manufac- 
turers of  electrical  equipment,  furnace  designers  and 
builders,  makers  of  refractories  and  electrodes  and  a 
group  of  earnest  metallurgists  in  many  individual  plants 
who  have  studied  ever\-  detail  of  operation. 

When  users  acquire  a  full  appreciation  of  what  clean, 
sound  steel  means  in  terms  of  national  efficiency,  safety 
and  economy  we  shall  see  more  rapid  growth  that  has 
as  yet  been  seen.  Its  usefulness  to  engineering  and  in- 
dustry has  just  begim. 


The  Steel  Requirements  of  the  Automotive 

Industry 

Steels  Suited  to  Process  of  Fabrication,  Service  Conditions  and 
Major  Automotive  Parts — Tests  to  Determine  Mechanical  Prop- 
erties— Reduction  in  Area  an  Indication  of  Qualitative  Importance 

By  HENRY  CHANDLERt 


PRIM.VRILY.  the  physical  properties  of  automo- 
tive steels  determine  which  of  those  steels  are 
best  adapted  and  most  essential  to  the  automo- 
tive industry.  Speaking  generally,  the  mechanical  char- 
acteristics of  materials  determine,  first,  the  thing  we 
are  able  to  make,  and  second,  the  methods  we  are  to 
employ  in  making  it.    The  discovery  of  each  new  ma- 

*Paper  read  before  the  American  Iron  and  Steel  Institute, 
at  New  York.  October  27,  1922. 

fMetallurgist,  C.  H.  Wills  &  Company,  Marysville,  Mich. 


tcrial  is  invariably  followed  quickly  by  the  develop- 
ment of  many  new-  devices  to  adaj)t  this  new  material 
to  man's  use.  Conversely,  the  removal  from  the  mar- 
ket of  any  of  our  common  materials,  such  as  copper  or 
rubber,  would  result  in  a  far-reaching  industrial  read- 
justment. 

The  more  highly  specialized  an  industry  becomes 
in  its  development,  the  greater  is  that  industry's  de- 
pendence upon  the  properties  of  the  metals  peculiar 
to   it.      Our   first   thoughts   in    the    development   of  a 
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mechanical  idea  are  governed  by  and  limited  to  the 
materials  then  available.  Later,  competition  and  a 
fuller  understanding  of  our  actual  needs  result  in  the 
discovery  of  materials  still  more  suitable.  For  in- 
stance, in  the  early  pioneer  days  of  the  motor  car  in- 
dustry, crankshafts  were  made  from  billets  intended 
for  rails,  gears  from  tool  steel,  cylinders  from  iron 
suitable  for  stoves,  and,  similarly,  all  other  parts  were 
made  of  the  only  materials  then  availalile. 

Such  practice  would  now  be  not  only  impractical, 
but  actually  impossiljle.  Today  we  rely  upon  spe- 
cialized automotive  steels  for  our  major  parts.  The 
automotive  manufacturer  is  now  buying  physical  prop- 
erties. The  chemical  specifications,  from  which  steels 
are  actually  purchased,  are  not  of  importance  in  them- 
selves but  only  for  the  physical  characteristics  which 
they  define.  It  is  the  mechanical  characteristics  of  the 
steels  that  are  of  prime  importance  to  the  manufac- 
turer, both  in  the  design  of  his  product  and  in  the  me- 
chanical methods  he  is  to  employ  in  manufacturing  it. 
These  are  the  two  factors  that  determine  his  commer- 
cial success. 

It  will  be  necessary  in  this  report  to  generalize.  It 
is  manifestly  impossible  to  treat  the  numerous  parts  of 
a  motor  car  individually.  The  steels  now  used  by  the 
automotive  industry,  their  treatment  and  characteris- 
tics, can  be  found  amply  described  in  the  specifications 
of  the  Society  of  Automotive  Engineers  and  other  or- 
ganizations. Detailed  application  of  these  specifica- 
tions to  a  given  part  or  group  of  parts  is  impractical 
without  a  thorough  knowledge  of  the  conditions  de- 
manded and  can  be  of  only  individual  interest.  We 
will,  therefore,  only  attempt  to  determine  which  of  the 
many  steels  now  used  by  the  automobile  builder  are 
characteristically  "automotive  steels"  and  the  general 
properties  such  steels  must  possess,  in  terms  of  the 
tests  usually  applied  to  them. 

The  adoption  of  a  steel  for  commercial  purposes 
is  predicted  upon  two  general  questions ;  first,  "How 
will  this  steel  adapt  itself  to  the  necessary  manufactur- 
ing processes?"  and  second,  "Will  the  part,  when  made 
of  this  steel,  withstand  the  forces,  such  as  wear,  break- 
age, etc.,  that  operate  for  its  destruction?"  The  an- 
swer to  these  questions  is  obtained  through  a  survey  of 
the  mechanical  characteristics  of  the  metal.  This  two- 
fold importance  of  the  physical  properties  suggests  a 
natural  division  of  the  various  parts  of  motor  cars. 

Steels  Suited  to  Process  of  Fabrication. 

Our  first  gri-iup  will  contain  all  those  automotive 
parts  which  are  made  from  steels  in  which  the  physical 
properties,  that  control  the  processes  of  fabrication,  are 
of  first  importance. 

This  group  includes  most  of  our  sheet  metal  parts, 
low  stressed  bolts,  nuts  and  other  screw  machine  prod- 
ucts, as  well  as  miscellaneous  forgings,  hardware  and 
stampings.  Such  parts,  due  to  design,  when  made 
from  almost  any  material  which  will  commercially 
meet  the  manufacturing  requirements,  are  amply 
strong  and  tough  to  withstand  all  normal  service  con- 
ditions. Our  specifications  for  this  group  are  directed 
to  simplify  fabrication. 

These  requirements  are  easily  and  quickly  ascer- 
tained. As  a  matter  of  fact,  actual  use  becomes  the 
best  criterion  and  we  are  able  to  define  our  steels  in 
terms  of  how  they  must  behave  in  the  shop.  Our  deep- 
drawing  stock  must  draw  deeply.  Our  screw  machine 
stock  must  machine  readily.  Our  forging  bars  must 
be  free  from  defects  and  respond  readily  to  forge  and 


machine   shop    operations.     Uniformity   of   quality    is 
as  important  as  degree  of  qualit}'. 

In  general,  requirements  of  this  nature  are  not  pe- 
culiar to  the  automotive  industry.  They  are  common 
to  all  industries  where  steel  is  similarly  fabricated  and 
such  steels  are  "automotive  steels"  for  the  single  rea- 
son that  large  quantities  of  them  are  consumed  by  the 
automotive  i^dustr3^ 

In  particular  cases,  however,  the  manufacture  of 
certain  individual  parts  of  this  group  has  been  de- 
veloped into  separate  specialized  industries  and  we 
here  find  a  corresponding  development  of  individual 
steels  of  this  class  into  special  steels.  This  has  been 
the  case  particularly  with  frames,  fenders,  cold-headed 
bolts,  disc  wheels,  bodies,  etc.  Each  of  these  presents 
its  individual  problems  and  each  requires  its  individual 
steel  specifications,  specialized  proportionally  to  the 
refinements  in  manufacture  and  design  which  have 
been  developed  by  the  individual  manufacturer. 

Chemically  expressed,  the  needs  of  this  group  are 
amply  met  by  the  standard  grades  of  carbon  steels  now 
manufactured. 

Steels  Suitable  for  Service  Conditions. 

The  second  group  contains  those  special  automotive 
parts  which  are  made  from  steels  in  which  the  physical 
properties  demanded  by  service  conditions  are  unusual 
and  of  first  importance.  Steels  for  such  parts,  due  to  the 
peculiar  conditions  of  service  to  which  they  are  sub- 
jected, must  have  individual  physical  properties  de- 
veloped to  an  unusual  degree.  The  mere  ease  of  manu- 
facture is  of  secondary  importance  and  is  considered 
only  after  the  service  requirements  are  amply  met, 
Valves,  ball  bearings,  magnets,  armatures,  hardened 
keys  and  the  like  are  all  typical  of  this  class. 

For  example,  in  valves,  strength,  hardness  and 
toughness  must  be  maintained  at  high  temperatures 
and  the  metal  must  withstand  the  corrosive  and  erosive 
effects  of  the  products  of  combustion.  To  meet  these 
particular  requirements,  many  special  steels  have  been 
developed,  such  as  high-tungsten,  silicon-chromium, 
cobalt-chromium  and  others,  each  with  its  own  peculiar 
advantages  for  this  service,  and  each  with  its  own 
distinct  engineering  following.  It  was  only  after  long, 
intensive  development  of  materials  that  ball  bearings 
became  possible  for  motor  car  use.  Also  the  electrical 
properties  now  attained  in  armature  and  magnet  steels 
are  evidence  of  the  specialized  nature  of  these  parts. 

Naturally,  then,  this  group  requires  special  anal- 
yses. The  manufacture  of  these  parts  or  of  the  steels 
suitable  for  them  can  be  commercially  undertaken  only 
after  a  thorough  understanding  of  the  complex  proTj- 
lems  involved.  Adequate  treatment  of  this  specialized 
group  is  manifestly  not  within  the  scope  of  this  paper. 

Steel  for  Major  Automotive  Parts. 

The  third  group,  and  that  one  with  which  we  are 
chiefly  concerned,  contains  most  of  our  major  steel 
parts.  The  front  axle  and  its  various  component  units ; 
our  power  train  from  piston  pin,  through  connecting 
rods,  crankshaft,  transmission,  universal  joint,  to  the 
rear  axles;  springs:  heavy  duty  gears:  and,  in  general, 
all  parts  subjected  to  live  loads  of  a  high  order  are  in- 
cluded in  this  division. 

These  parts  are  uniquely  automotive  parts,  that  is, 
the  forces  of  wear,  fatigue  and  breakage  to  which  they 
are  subjected  :  the  processes  by  which  tTiey  are  fabri- 
cated;  and  the  economic  factors  which  limit  their  cost. 
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are   peculiar   to  and   characteristic  of   the  automotive 
industry  alone. 

The  steels  for  these  particular  parts  may,  therefore, 
be  truly  called  "automotive  steels."  Their  develop- 
ment into  the  many  standard  grades  of  alloy  steels  has 
been  coincident  with  and  in  a  large  measure  responsible 
for  the  development  of  the  motor  car. 

Parts  in  this  group,  in  operation,  are  subjected  to 
much  punishment.  Wear,  shock,  vibration,  torsion  and 
other  complex  ajiplication  of  forces  all  tend  to  destroy 
their  usefulness.  Our  steels  must  resist  all  these  and 
at  the  same  time  readily  and  economically  adapt  them- 
selves to  the  numerous  processes  of  forging,  heat  treat- 
ment and  machining,  incidental  to  the  production  of 
these  parts.  The  quality  of  our  part  cannot  be  separat- 
ed from  the  cost  of  our  part. 

Tests  Used  to  Determine  Mechanical  Properties. 

How  then  are  the  mechanical  characteristics  neces- 
sary to  fulfill  these  conditions  determined? 

The  automotive  manufacturer  relies  upon  two  types 
of  test;  first,  that  of  actual  use  itself,  and  second,  com- 
paratively simple  and  rapid  laboratory  tests,  whose  in- 
dications he  has  learned  to  correlate  with  the  results 
of  actual  use. 

The  test  of  actual  use,  while  undoubtedly  our  final 
criterion,  nevertheless  has  serious  disadvantages.  It 
is  generally  slow  and  its  results  are  difficult  to  express 
in  terms  usable  in  steel  specifications.  We  cannot,  for 
instance,  describe  our  steel  to  the  producer  by  stating 
that  it  must  be  the  best  and  cheapest  for  our  crank- 
shafts, gears  or  other  parts.  We  must  have  a  means 
of  measuring  these  requirements;  some  common  meth- 
od of  defining  the  degree  of  hardness,  strength,  or  other 
desired  property.  Therefore,  laboratory  tests,  whose 
results  may  be  numerically  expressed,  have  been  de- 
vised to  furnish  us  with  information  as  to  the  likely 
behavior  of  the  metal  in  service.  Such  tests,  in  gen- 
eral, consist  in  measuring  comparatively  definite  physi- 
cal quantities  by  simple  experiments  which  may  be 
rapidlv  carried  out  and  whose  results  may  be  easily 
checked. 

It  is  not  yet  easy  to  say  which  and  how  many  of 
the  various  physical  properties,  which  metals  possess, 
are  of  direct  importance  in  the  construction  of  these 
automotive  parts.  The  conditions  under  which  a  motor 
car  must  operate  are  unusual.  Long,  hard,  uphill  or 
sandy  pulls,  shocks  from  rought  and  choppy  roads, 
brakes  suddenly  applied,  continued  high  speed,  all 
these  subject  the  mechanism  to  stresses  and  strains, 
and  combinations  of  destructive  forces,  the  results  of 
which  are  difficult  if  not  impossible  to  calculate.  It 
is  not  a  question  of  resistance  to  simple  static  stresses, 
but  of  the  ability  of  the  parts  to  withstand  dynamic 
forces  or  the  work  done  by  these  forces.  The  pheno- 
mena embraced  in  the  terms  fatigue,  vibration  and 
shock  become  important. 

Dynamic  tests,  designed  to  isolate  and  measure  the 
physical  properties  which  determine  the  behavior  of 
steel  under  these  conditions,  have  been  suggested. 
However,  the  great  complexity  of  the  various  facts 
which  determine  the  results  of  such  tests  and  the  little 
understood  influences  of  slight  changes  in  test  condi- 
tions have  limited  their  use,  with  but  few  exceptions, 
to  qualitative  rather  than  quantitative  results. 

Of  the  manv  properties  easily  measured,  the  auto- 
motive manufacturer  depends  chiefl)'  upon  those  ob- 
tained by  the  following  tests : 


First,  the  tensile  test. 

Second,   the   Brinell   and   scleroscope   hardness 

tests. 

Third,  an  impact  test  (in  this  country  generally 
the  Izod). 

Fourth,   thermal   and   metallographic   investiga- 
tion. 

These  tests,  while  not  conclusive,  nevertheless, 
when  properly  interpreted  and  supplemented  by  close 
observation  of  actual  service,  sufficiently  define  our 
steels  for  commercial  purposes.  Therefore,  we  will 
confine  our  discussion  to  the  characteristics  of  these 
steels  as  disclosed  by  the  above  simple  tests. 

Chief  reliance  is  placed  in  the  tensile  test.  It  will 
be  readily  admitted  that  the  use  of  some  sort  of  a  dy- 
namic test,  which  would  more  closely  approximate  the 
conditions  of  automotive  service,  would  be  more  justi- 
fied. Nevertheless,  the  permanence  of  the  tension  test 
and  the  general  acceptance  of  its  data  by  both  steel 
producers  and  steel  consumers,  lead  us  to  anticipate 
that  its  results,  when  supplemented  with  other  informa- 
tion, will  within  limits  tell  us  much  of  the  probable 
dynamic  character  of  the  steel. 

Briefly,  the  tension  test  is  this:  A  bar  of  steel,  of 
known  dimensions,  is  subjected  to  a  tensile  load.  This 
load  is  increased  gradually,  until  rupture  of  the  steel 
occurs.  The  maximum  force  so  withstood  by  the  bar 
is  recorded  as  the  ultimate  tensile  strength.  The  small- 
est load  necessary  to  produce  permanent  set  in  the  bar 
is  designated  as  the  elastic  limit.  Both  of  these  are 
calculated  on  the  basis  of  one  square  inch  section.  The 
percentage  of  increase  in  length  and  the  change  in 
cross  section,  due  to  the  flow  of  the  metal  at  the  point 
of  fracture,  are  also  measured  and  calculated.  TFie 
former  of  these  is  called  the  percentage  of  elongation 
and  the  latter,  the  percentage  reduction  in  area. 

Obviously,  such  a  test  does  not  duplicate  the  condi- 
tions to  which  the  steel  is  subjected  in  actual  motoring 
service.  Its  real  value  lies  in  our  ability  to  correlate 
the  data  so  furnished  with  the  results  of  our  other  tests 
and  the  results  of  actual  engineering  experience.  Ten- 
sile strength,  elastic  limit,  reduction  in  area  and  elonga- 
tion, these  simple  properties,  when  taken  individually, 
convey  little :  but  collectively,  and  with  proper  empha- 
sis on  their  relation  to  each  other,  they  form  a  sound 
basis  for  estimation  of  quality. 

Motor  car  parts  are  with  few  exceptions  of  great 
enough  size  and  mass  to  withstand  many  times  the 
static  load  which  they  are  called  upon  to  bear.  As  a 
matter  of  actual  practice,  it  is  the  ability  to  take  punish- 
ment, such  as  shock,  vibration,  impact  and  the  wear 
and  tear  of  the  roads,  that  we  require  of  our  materials; 
and  it  is  the  ability  of  a  unit  mass  of  steel  to  with- 
stand work  done  upon  it  that  we  try  to  determine. 

Remembering,  then,  that  the  physical  properties, 
made  evident  by  the  tensile  test,  are  properties  of  a 
test  bar  and  are  only  indirectly  jiroperties  of  the  steel 
tested,  let  us  examine  the  results  of  this  test  in  terms 
of  the  work  actually  done  and  the  metal  actually  af- 
fected. 

During  the  breaking  of  the  bar,  we  are  doing  work; 
that  is,  we  have  measured  variable  force  starting  at 
the  elastic  limit,  gradually  increasing  up  to  the  ulti- 
mate strength  and  then  decreasing  to  the  breaking  load, 
which  moves  in  all  a  distance  equal  to  the  total  elonga- 
tion of  the  bar.  Since  both  the  force  applied  and  the 
distance  through  which  it  moves  are  known,  the  work 
done  is  easily  calculated. 
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The  actual  amount  of  the  material  in  the  bar,  the 
usefulness  of  which  is  practically  destroyed  by  this 
work,  is  more  difficult  to  determine.  Our  reduction  in 
area,  however,  gives  us  an  indication  of  this  quantity. 
When  we  examine  the  test  bar  after  the  test,  it  will  be 
found  that  the  metal  directly  back  of  the  fracture  is 
still  able  to  withstand  a  slight  amount  of  work ;  still 
farther  back,  more  work ;  and  so  on  until  metal  but 
slightly  affected  is  reached.  The  reduction  of  area  de- 
scribes and  is  a  rough  measure  of  the  degree  of  this  con- 
dition. It  is  of  more  importance  qualitatively  than 
quantitatively. 

Consider  for  a  moment  the  following  illustrations. 
Fig.  1  represents  a  fractured  tensile  bar  of  a  material  of 
low  reduction  in  area,  as  characterized  in  certain  bronzes. 
Fig.  2,  a  similar  bar  of  material  such  as  an  alloy  steel, 
showing  high  reduction  in  area.  Let  us,  for  the  sake 
of  argument,  assume  that  the  mean  breaking  strength 
and  percentage  of  elongation  were  in  each  case  identical. 
Thus,  with  no  further  evidence  to  go  by,  it  would  be 
assumed  that  the  materials  were  equally  strong  and 
tough  and  equally  suitable  for  our  motor  car  part. 

It  will  be  observed,  however,  that  there  is  a  marked 
difference  in  the  appearance  of  the  two  test  pieces. 
The  steel  bar  shows  a  marked  necking  down  at  the 
point  of  fracture,  due  to  the  local  flow  of  metal  between 
the  lines  "A" — ^"B"  while  the  bronze  bar  has  stretched 
almost  uniformly  throughout  its  entire  length.  Hence, 
although  the  same  amount  of  work  was  performed  in 
rupturing  both  test  pieces,  it  can  be  readily  seen  that 
the  mass  of  metal  afifected  in  the  bronze  was  considera- 
bly greater  than  that  in  the  steel.  Consequently,  the 
resistance  of  a  unit  mass  of  the  material  of  bar  No.  2 
was  greater  and  the  reduction  in  area  is  a  measure  of 
this  fact.  The  higher  the  reduction  in  area,  other  con- 
ditions being  equal,  the  greater  the  ability  of  a  unit 
mass  of  the  steel  to  withstand  work  done  upon  it  . 

The  tensile  test  may  therefore  be  considered  as  a 
dynamic  test  where  work  is  done  at  a  slow  rate.  Its 
results,  as  a  measure  of  work  done  and  metal  aiTected, 
while  not  numerically  exact,  are  at  least  proportional 
to  them.  This  relationship  might,  roughtly.  be  ex- 
pressed as  follows :  Quality  of  metal  as  evidenced  by 
the  tensile  test  is  equal  to 

Work  Done 

Metal  Afifected 

which  is  proportional  to 

Mean  Breaking  Strength  X  Elongation 

K — Reduction  in  Area 

where  "K"  is  a  constant,  the  value  of  which  varies 
with  the  type  of  fracture,  and  the  mean  breaking 
strength  is  the  average  force  applied  to  the  bar  after 
the  elastic  limit  has  been  passed. 

It  is  common  practice,  as  a  check,  to  supplement 
the  tensile  test  with  an  impact  test  in  which  a  notched 
test  bar  is  broken  at  a  rapid  rate  by  a  falling  hammer. 
The  Izod  test,  in  this  country,  enjoys  the  most  wide- 
spread use.  The  work  done  is  recorded  directly  in  foot 
pounds  and  the  mass  of  metal  so  afifected,  due  to  the 
mechanical  efifect  of  the  notch,  is  in  each  piece  fairly 
constant. 

Our  hardness  test,  as  determined  by  the  Brinell  and 
sceleroscope,  is  used  as  a  check  on  our  heat  treatment 
processes  and  as  an  index  to  machineability  and  resist- 
ance to  wear.     The  results  are  purely  empirical  and 


of  value  only  when  coupled  with  the  observations  of 
experience. 

Difficulties  will  immediately  arise  if  we  endeavor 
to  apply  too  literally  the  results  of  any  of  these  tests  to 
conditions  greatly  different  from  our  test  conditions. 
Other  considerations  based  upon  the  metallographical 
makeup  of  the  steel,  may  greatly  change  these  results 
under  the  conditions  of  actual  service.  Steels,  as  a 
class,  are  composed  of  a  mixture  of  crystalline  and 
amorphous  materials.  The  relative  sizes,  proportions, 
distribution  and  qualities  of  these  constituents,  play 
an  all  important  part  in  the  behavior  of  the  steel,  under 
various  applications  of  forces.  Metallographical  and 
chemical  investigation  are  doing  much  to  determine 
this  relationship  between  microstructure  and  physical 


Fig.  1. 


Fig.  2. 


properties.  However,  in  uniform  materials,  uniformly 
heat  treated,  these  conditions  are  fairly  constant,  and 
except  in  special  cases  to  determine  soundness,  metal- 
lographical investigation  is  largely  confined  to  pure 
research. 

Effects  of  Heat  Treatment. 

Steels  for  the  parts  now  under  discussion  are  in- 
variably used  in  the  heat  treated  state.  The  behavior 
of  the  steel  under  thermal  treatment  also  bears  a  rela- 
tion to  its  dynamic  characteristics. 

When  a  piece  of  steel  is  heated  beyond  its  critical 
point,  it  undergoes  a  chemical  and  physical  transforma- 
tion. If  thereafter  it  be  slowly  cooled,  this  transforma- 
tion reverses  itself  and  the  material  returns  to  its  nor- 
m.al  state.  However,  when  the  steel  is  quenched,  the 
physical  and  chemical  changes  which  took  place  dur- 
ing the  heating  have  now  no  opportunity  to  reverse 
and  the  material,  when  cool,  is  consequently  in  a  state 
of  unstable  equilibrium.  This  degree  of  instability  is 
measured  by  the  temperature  to  which  we  can  subse- 
quently reheat  or  "draw"  the  steel  after  quenching 
and  still  maintain  our  requisite  strength.  In  other 
words,  the  higher  the  drawing  temperature  that  the 
steel  can  withstand,  the  greater  is  its  molecular  sta- 
bility and  the  greater  is  its  resistance  to  any  subse- 
quent molecular  change,  whether  the  latter  be  produced 
mechanically  or  otherwise. 

Other  factors  being  equal,  the  steel  with  the  high- 
est drawing  temperature  will  be  the  most  satisfactory 
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for  those  ant(iiti(>ti\  e  parts  that  require  resistance  to 
"fatigue." 

But  here  apfain  caution  must  be  exercised  lest  our 
conclusions  carry  us  beyond  a  logical  ])oint,  because 
the  metallographical  size,  nature  and  distribution  of 
the  constituents  of  the  steel  are  also  factors  to  be  reck- 
oned with. 

We  have  indicated  in  the  preceding  paragraphs  that 
the  merit  of  a  steel  for  motor  car  use  was  closely  related 
to  the  results  of  the  tension  test;  and  that  this  relation- 
shi])  might  be  expressed  by  the  j)roportion : 

Mean  Breaking  Strength  x  Elongation 

K — Reduction    in    Area 

It  is  perfectly  obvious  that  such  a  simple  propor- 
tion as  the  above  can  in  no  way  be  an  exact  statement 
of  the  really  complex  relation  which  exists  between 
the  phenomena  occurring  in  the  tensile  test  and  the  ex- 
ceedingly conii)lex  combinations  of  properties  required 
for  our  various  parts.  Nevertheless,  since  this  test  so 
greatl}'  influences  the  automotive  manufacturer,  in  his 
choice  of  steels,  we  are  justified  in  considering  what 
further  information  it  can  supply  us  with. 

The  physical  properties  of  our  steels  are  direct 
functions  of  the  drawing  temperature.  Thus  the  elas- 
tic liiTiit.  elongation  and  reduction  in  area  may  all  be 
varied  over  wide  limits  by  heat  treatment. 

It  therefore  follows  that  our  merit  number,  as  pre- 
viously computed,  will  also  change  in  value  according 
to  changes  in  the  drawing  temperature  and  will  in  a 
given  steel  reach  a  maximum  at  some  definite  temper- 
ature. 

For  example,  a  hardened  but  not  drawn  bar  of  high 
carbon  steel  maj^  show  an  elastic  limit  of  say  175,000 
pounds  per  square  inch.  Nevertheless,  it  can  be  readily 
seen  by  breaking  the  bar  with  a  hand  hammer  that  this 
strength  of  little  use  for  the  parts  under  discussion. 
Due  to  the  slight  elongation  and  reduction  in  area  pos- 
sessed by  the  bar,  these  factors  in  our  equation  will  be 
small  and  our  merit  number  will  be  very  low,  in  spite 
of  the  relatively  high  elastic  limit.  If  we  now  reheat 
or  draw  the  bar,  we  find  that  although  of  less  strength 
as  measured  by  elastic  limit,  it  will  easily  withstand 
our  efforts  with  the  hand  hammer.  A  further  increase 
in  temperature  still  further  increases  the  amount  of 
energj'  which  must  be  expended  before  breakage  oc- 
curs, until  a  maximum  point  is  reached  where  the  de- 
crease in  tensile  strength  and  elastic  limit  is  not  com- 
pensated for  by  the  corresponding  increase  in  elonga- 
tion and  reduction  in  area.  Further  elevation  of  the 
drawing  temperature  beyond  this  point  results  in  a 
decrease  in  merit  until  the  critical  point  is  reached, 
with  its  accompanying  fundamental  changes  in  qual- 
ities. This  drawing  temperature  at  which  maximum 
merit  occurs  is  different  in  different  types  of  steel  and 
is  fairly  independent  of  the  carbon  content.  This  con- 
sideration is  important  in  comparing  the  suitability 
of  the  various  steels  for  diflferent  uses  and  in  defining 
our  practice  in  allotting  a  particular  analysis  of  any 
given  type  of  steel  to  a  particular  part. 

Thus  we  find  that  the  steels  in  which  this  tempera- 
ture of  maximum  merit  is  naturally  low  arc  used  ex- 
clusively in  the  condition  resulting  from  low  drawing 
temperatures.  This  is  the  case  with  silico-nickcl  steels 
which  are  widely  used  for  hard  light  armor  plate. 

Our  most  widely  used  spring  steel  is  of  an  anah^sis 
which  develops  the  necessary  spring  requirements  of 


strngth,  etc..  at  a  dr:i\ving  temperature  but  60  (leg.  rc- 
mo\cd  from  the  tem|)erature  of  maximum  merit  for 
that  steel. 

It  is  connnon  practice  in  the  manufacture  of  large 
carbon  steel  forgings  to  meet  the  elastic  limit  require- 
ments in  so  far  as  possible  by  carbon  additions  and  thus 
maintain  a  high  dra\ving  temperature.  Since  there  is, 
then,  a  definite  drawing  temjierature,  at  which  the 
dynamic  properties  required  in  automotive  steels  are 
develo])ed  to  their  maximum,  for  each  particular  steel 
analysis,  there  is,  consequently,  a  corresponding  defi- 
nite elastic  limit  at  which  the  particular  steel  may  best 
be  used. 

!Most  of  our  major  autumotive  parts  require,  owing 
to  the  limitations  imposed  by  design,  minimum 
strengths  of  a  relatively  high  order.  Also  the  success- 
ful operation  of  these  parts,  under  the  difficult  service 
conditions,  pre-supposes  the  development  of  the  merit 
index  to  a  high  degree. 

Alloy  Steels  Necessary  for  Certain  Parts. 

Carbon  steels  may  develop  under  suitable  heat 
treatment  elastic  limits  which  are  sufficient  for  most  of 
these  parts,  but  their  use  is  promptly  excluded  where 
the  requirements  exceed  80.000  pounds  per  square  inch, 
and  even  for  requirements  under  this  figure  the  merit 
index  is  of  a  lower  order  than  is  desired. 

Accordingly,  our  automotive  alloy  steels  have  been 
developed,  which  not  only  will  show  higher  elastic  lim- 
its than  those  obtained  in  carbon  steels,  hut  also  for 
any  given  elastic  limit,  demanded  by  design,  will  ex- 
hibit resistance  to  fatigue,  vibration,  shock  and  wear, 
far  greater  than  that  of  any  carbon  steel. 

This  development  has  been  coincident  with  and  in 
a  large  measure  responsible  for  the  development  of  the 
automotive  industry. 

The  commercial  factors,  as  defined  by  the  adapta- 
bility of  these  materials  to  the  various  mill  processes  of 
manufacture  and  the  subsequent  operations  of  fabri- 
cation such  as  machineability  and  general  adaptability 
to  shop  conditions,  have  in  a  like  manner  l)een  im- 
proved until  it  may  now  be  fairly  said  that  through 
the  use  of  alloy  steels,  the  automotive  manufacturer 
can  build  a  better  product  at  a  cheaper  price. 


BLAST  FURNACE  HEARTH  GAS  ANALYSES 

In  the  analytical  work  on  blast  furnace  hearth  gases, 
being  performed  by  the  United  States  Bureau  of  Mines, 
the  composition  of  the  gases  in  the  tuyere  jilane  has 
been  determined  at  two  furnaces  in  the  Pittsburgh  dis- 
trict. One,  a  furnace  making  ferro-manganese,  showed 
conditions  practically  identical  with  Southern  practice 
on  basic  or  pig  iron.  The  other,  making  basic  iron, 
showed  ]ienetralion  of  oxygen  to  a  further  distance 
than  obtained  in  the  Southern  furnaces.  Arrangements 
have  been  made  with  a  blast  furnace  operation  at 
Youngstown,  Ohio,  to  obtain  samples  at  other  planes 
up  the  bosh.  It  is  ho])ed  that  this  work  may  bring 
forth  some  xalualde  information. 


HEAT  TREATMENT  OF  NON-FERROUS 
ALLOYS 

At  the  Pittsburgh,  Pa.,  experiment  station  of  the 
Bureau  of  Mines  heat-treatment  experiments,  includ- 
ing quenching  and  annealing,  have  been  conducted  on 
a  number  of  cast  non-ferrous  alloys. 
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Use  of  Liquid  Fuel  in  Metallurgical 

Furnaces 

Success  in  Using  This  Type  of  Fuel  Depends  on  Furnace  Design, 
Proper  Methods  for  Its  Distribution  to  the  Furnace,  and  on  Burn- 
ers Which  Will  Atomize  the  Fuel  So  Thermal  Value  Is  Utilized. 

By  R.  C.  HELMt 


WI  TH  the  variations  in  economic  conditions  which 
have  existed  in  ditiferent  locahties  in  the  past  few 
years,  as  regards  the  status  of  coal  converted  into 
condenser  gas  for  use  in  mctaHurgical  furnaces,  an  added 
impetus  lias  been  given  to  the  study  of  the  proper  applica- 
tion of  various  types  of  hquid  fuels  where  such  fttels  were 
available  at  prices  which  would  permit  of  their  eco- 
nomic use.  Tar  and  fuel  oil  are  the  most  common  of 
the  liquid  fuels  which  are  economically  available  for 
use  in  metallurgical  furnaces  and  this  paper  has,  there- 
fore, been  confined  to  their  use  only. 

The  use  of  oil  as  a  fuel  in  furnaces  for  metallurgical 
purposes  dates  back  a  good  many  years,  and  the  de- 
mand for  it  is  constantly  increasing.  Originally,  the 
oil  was  used  in  its  crude  form  without  the  removal  of 
any  of  the  more  volatile  hydrocarbons.  Naturally,  the 
low  flash  point  of  such  oils  made  them  unsafe  to 
handle.  Moreover,  the  development  of  wider  uses  for 
these  lighter  oils  demanded  their  extraction  from  the 
crude.  The  removal  of  these  lighter  hydrocarbons 
raised  the  flash  point  of  the  residue  considerably,  giv- 
ing a  resultant  product  which  could  be  used  with  more 
safety.  A  large  proportion  of  the  oil  now  tised  as  fuel 
is  obtained  as  a  residue  in  this  manner,  although  some 
residues  are  so  viscous  and  of  such  poor  quality  as  to 
make  them  unsuitable  for  economic  use.  'Other  types 
of  fuel  oil  developed  from  more  complete  refining 
operations  are  also  adaptable  for  fuel  purposes  in 
metallurgical  furnaces. 

The  calorific  value  of  the  fuel  oils  in  common  use 
varies  frbm  about  141,800  to  152,400  Btu.  per  gallon 
with  corresponding  density  as  measured  by  the  Beaume 
hydrometer  of  30  deg.  to  12  deg.  at  a  temperature  of 
60  deg.  F.  As  oil  is  purchased  by  the  gallon,  the 
heavier  but  more  viscous  fuel  oils,  therefore,  have  the 
higher  thermal  values.  The  thermal  value  of  the  oil, 
however,  does  not  necessarily  indicate  its  adaptability 
for  furnace  use,  as  other  features  such  as  the  content 
of  impurities  and  size  of  furnace  installation  must  be 
taken  into  consideration  in  deciding  whether  the 
heavy  and  more  viscous  oils  should  be  used  in  prefer- 
ence to  the  lighter  and  more  fluid  oils. 

Specifications  under  which  fuel  oils  are  purchased, 
usually  require  that  the  fuel  oil  shall  not  contain  over 
one  per  cent  of  water  and  foreign  matter,  which  are 
likely  to  interfere  with  the  use  of  the  oil  due  to  clogging 
of  burners  and  interference  with  the  operation  of 
valves.     It  is  commonly  agreed   that  the   flash   point 

*Paper  read  before  the  American  Iron  and  Steel  Institute, 
at  New  York,  October  27,  1922. 

fDirector.  Physical  Laboratory  of  the  American  Steel  and 
Wire  Company,  Worcester,  Mass. 


should  not  be  less  than  150  deg  F.  (closed  cup)  as  a 
matter  of  safety,  although  oils  with  a  lower  flash  point 
are  being  used.  Specifications  for  viscosity  will  vary 
dependent  on  the  arrangement  of  the  system  used  for 
conveying  the  oil  from  storage  to  the  burner.  The 
sulphur  content  of  fuel  oil,  which  may  run  as  high  as 
4.0  per  cent  in  some  oils,  is  of  great  importance  when 
used  in  connection  with  very  high  temperatures,  such 
as  are  obtained  in  open-hearth  practice,  where  the 
products  of  combustion  come  into  direct  contact  with 
the  charge  during  the  melting  down  period.  Under 
these  circumstances,  the  percentages  of  sulphur  may 
have  to  be  limited  in  specification  to  0.75  per  cent  or 
less  depending  on  the  open-hearth  practice  used.  How- 
ever, in  certain  localities,  the  less  cost  of  high  sulphur 
fuel  oils  as  compared  with  low  sulphur  fuel  oils  has 
led  to  the  development  of  an  open-hearth  practice 
whereby  limited  percentages  of  high  sulphur  oils  can 
be  used  without  detrimental  effect  to  the  finished  prod- 
uct. \Vith  such  a  practice,  specifications  may  be  more 
liberal  with  respect  to  limiting  the  percentage  of  sul- 
phur allowed  in  the  fuel  oil. 

The  introduction  of  the  by-product  coke  plant  in- 
creased the  available  amount  of  coal  tar  to  such  an 
extent  as  to  result  in  making  coal  tar  available  as  a 
liquid  fuel  for  use  in  metallurgical  furnaces.  In  addi- 
tion to  tar,  the  by-product  coke  plant  also  furnished  a 
supply  of  gas  for  the  same  purpose.  The  usual  prox- 
imity of  the  by-product  coke  oven  plant  to  the  open- 
hearth  plant  supplies  a  very  good  opportunity  of  utiliz- 
ing both  coke  oven  gas  and  tar  as  open-hearth  fuel  to 
the  economic  benefit  of  both  plants. 

As  the  production  of  tar  goes  hand  in  hand  with 
the  production  of  gas,  the  natural  development  of  the 
use  of  both  these  fuels  has  resulted  in  the  practice  of 
using  them  in  combination  as  fuel  for  the  open-hearth 
furnace.  The  use  of  coal  tar  only  has  also  been  ad- 
vantageously developed.  As  tar  can  be  burned  more 
advantageously  where  high  temperatures  are  required, 
its  use  in  steel  plants  has  been  chiefly  confined  to  open- 
hearth  practice. 

Tar  has  a  thermal  capacity  of  about  155,000  to  162,- 
000  Btu.  per  gallon.  Coke  oven  gas  as  used  is  deben- 
zolated  and  has  a  thermal  capacity  averaging  540  Btu. 
per  cubic  foot. 

Many  types  of  ftn-naces  for  metallurgical  use  have 
been  equipped  for  use  of  liquid  fuels.  As  far  as  the 
supply  of  air  for  combustion  with  liquid  fuel  is  con- 
cerned, these  types  may  be  classified  into  three  groups: 
(1)  non-preheating  furnaces  in  which  the  air  is  ad- 
mitted to  the  combustion  chamber  at  atmospheric  tem- 
peratures; (2)  regenerative  furnaces  operating  on  the 


550 


UoWasfFumaceSSUPlanf 


November,  1922 


reversing  principle  in  which  the  air  is  preheated  in  a 
checker  chamber  before  entering  the  combustion  cham- 
ber, the  checker  chamber  deriving  its  heat  from  the 
waste  gases ;  and  (3)  recuperative  furnaces  in  which 
the  air  for  combustion  is  preheated  by  passing  through 
a  set  of  flues  which  alternate  with  flues  through  which 
the  hot  waste  gases  flow  in  a  counter  direction  or  at 
right  angles  to  the  direction  of  flow  of  the  air. 

While  the  use  of  liquid  fuel  has  been  adopted  as  a 
matter  of  expediency  in  some  cases,  the  range  of  appli- 
cation includes  open  hearth ;  crucible,  soaking  pits ; 
billet  heating,  forge,  annealing,  hardening  and  tem- 
pering furnaces ;  and  a  variety  of  furnaces  for  special 
heat  treating  operations.  The  use  is  also  extended 
to  a  variety  of  furnaces  used  in  the  non-ferrous  metal 
industry.    The  scope  of  this  paper  has  been  restricted 
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Figs.  1  to  3 — Showing  the  principle  used  in  some  types  of 
liquid  fuel  burners. 

to  cover  chiefly  the  use  of  liquid  fuels  to  open-hearth 
furnaces  and  in  furnaces  particularly  adapted  to  use  in 
the  wire  drawing  industry. 

The  use  of  coal  tar  and  the  heavier  oils  of  12  deg. 
to  20  deg.  Be.  requires  careful  heating  of  the  oil  in 
suppi}'  tanks  so  that  they  can  be  sufficiently  reduced 
in  viscosity  to  enable  them  to  be  pumped  to  the  burner 
at  the  furnace.  As  heating  vaporizes  any  light  oils 
present,  tanks  should  be  vented  at  the  top  to  permit 
of  their  removal  from  the  system.  The  lighter  oils 
having  a  density  of  20  deg.  to  30  deg.  Be.  are  sufficiently 
fluid  so  that  they  may  be  pumped  to  the  burner  with 


Li<iiUid  Fuel 
Air  or  Steam 
Fig.  4 — Liquid  fuel  burner  for  open-hearth  furnace. 

little  heating  except  in  particularly  cold  weather. 
Heating  of  tar  and  heavy  fuel  oil  is  also  essential  in 
order  to  obtain  proper  atomizing  of  the  oil  at  the  fur- 
nace. Failure  to  provide  sufficient  heat  to  heavy  fuel 
oil  or  tar  cannot  help  but  result  in  unsatisfactory  re- 
sults from  the  furnace  in  which  it  is  used  due  to  the  fail- 
ure of  the  burner  to  perform  its  proper  function. 

After  bringing  the  liquid  fuel  to  the  furnace  under 
suitable  temperature  for  atomizing,  the  success  of  using 
it  depends  on  burner  design,  furnace  construction,  and 
the  proper  application  of  the  burner  to  the  furnace,  so 
that  the  thermal  value  of  the  liquid  fuel  may  be  utilized 
at  the  jiropcr  time  with  the  highest  efficiency  to  produce 
the  results  required.  For  obtaining  the  highest  ther- 
mal efficiency,  it  is  necessary  that  burners  be  designed 
so  that  they  will  break  up  or  atomize  the  liquid  fuel 


into  very  minute  parts  in  order  that  the  greatest  amount 
of  surface  may  be  offered  to  the  air  required  for  com- 
bustion. 

In  order  to  accomplish  this  purpose,  many  kinds  of 
burners  have  been  designed  for  private  use  or  patented 
and  placed  on  the  market  for  general  furnace  use. 
These  types  of  burners  are  intended  to  accomplish 
atomization  by,  (1)  mechanically  breaking  up  the 
li(|ui(l  fuel  into  minute  particles:  (2)  by  breaking  up  the 
liquid  fuel  with  an  air  or  steam  spray;  and  (3)  by 
vaporizing.  .Attempts  made  to  apply  the  last  men- 
tioned process  to  fuel  oil  by  superheating  to  a  tempera- 
ture sufficient  for  vaporizing  have  not  as  yet  been 
demonstrated  as  practicable  due  to  the  deposition  of 
solid  coke  in  the  vaporizing  chambers  with  consequent 
clogging  of  the  system.  Mechanical  atomization, 
while  practiced  to  a  very  large  extent  with  steam  boil- 
ers, has  unfortunately  not  been  developed  for  general 
application  to  metallurgical  furnaces.  Burners  which 
find  extensive  use  in  metallurgical  furnaces,  however, 
are  those  types  which  accomplish  atomization  by 
spraying  either  with  steam  or  compressed  air  under 
variable  pressures  dependent  on  furnace  requirements. 

There  is  quite  p  large  field  for  using  different  prin- 
ciples in  varying  the  ('esign  of  burners  which  depend  on 
steam  or  compressed  air  for  atomizing  the  liquid  fuel. 


Fig.  5 — Krause  burner  for  liquid  fuel. 

A  few  of  the  principles  which  have  been  used  in  burner 
design  will  be  described  and  illustrated  so  that  a  gen- 
eral idea  may  be  obtained  of  the  possibilities  for  varia- 
tion. Atomizing  burners  are  generally  classified  in  two 
groups,  one  of  which  accomplishes  atomization  out- 
side the  burner,  the  other  inside  the  burner.  Fig.  1 
illustrates  a  very  simple  arrangement  whereby  the 
steam  or  air  jet  passes  directly  over  the  oil  jet,  creating 
a  suction  effect  which  assists  in  the  efficiency  of  atomiz- 
ing outside  the  burner.  Fig  2  illustrates  another  prin- 
ciple in  common  use  where  the  oil  is  supplied' through 
a  central  pipe  to  the  tip  of  the  burner.  The  steam 
supply  running  also  to  the  tip  of  the  burner  surrounds 
the  oil  supply  line.  Atomizing  is.  therefore,  accom- 
plished externally  in  the  furnace.  Fig.  3  shows  a  burn- 
er with  a  chamber  beyond  the  end  of  the  fuel  nozzle 
and  provides  for  atomizing  before  the  fuel  enters  the 
furnace.  This  type  of  burner  may  be  altered  so  that 
the  air  and  oil  chamber  has  a  Venturi  shape  and  is 
known  as  the  injection  type.  This  principle  is  used 
with  the  idea  of  obtaining  velocity  in  assisting  to  atom- 
ize the  liquid  fuel.  Either  steam  or  air  may  be  used  for 
atomizing  with  any  of  these  general  types  of  burners. 
The  shape  of  the  nozzle  may  be  round  or  flattened  in 
almost  anv  type  of  burner  to  meet  the  requriements  of 
furnaces  for  special  purposes. 

The  pressure  of  air  or  steam  required  for  atomizing 
with  any  burner  is  dependent  on  the  furnace  design  and 
the  character  of  the  liquid  fuel.  Air  pressure  for  the 
lighter  oils  may  be  as  low  as  a  few  ounces  per  square 
inch  where  small  furnaces  are  used.  With  the  heavier 
liquid  fuels,  where  steam  is  commonly  used,  the  pres- 
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sure  on  the  line  may  run  as  high  as   140  pounds  per 
square  inch. 

Use  of  Liquid  Fuels  in  Open-Hearth  Furnaces. 

The  price  of  fuel  oils  in  localities  where  large  ton- 
nages of  open-hearth  steels  are  produced  is  usually  so 
high  as  to  prohibit  its  use  in  competition  with  producer 
gas.  The  supply  of  by-product  coke  oven  coal  tar,  how- 
ever, ranging  in  quantity  with  different  kinds  of  coal 
from  approximately  five  to  13  gallons  per  ton  of  coal 
used,  is  available  in  sufficient  quantities  and  at  prices 
which  make  its  use  economically  attractive,  as  far  as 
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Fig.  6- 


-Combination  water-cooled  tar  and  coke  oven 
gas  burner. 


the  supply  lasts,  for  use  either  alone  or  in  combination 
with  coke  oven  gas  in  open-hearth  furnaces.  Where 
the  open-hearth  practice  has  been  developed  for  the 
use  of  tar  alone  or  in  combination  with  coke  oven  gas 
with  consequent  closing  down  of  the  gas  producers, 
fuel  oil  may  be  substituted  for  tar  to  permit  continuous 
furnace  operations  if  the  regular  supply  of  coal  tar  is 
interrupted  for  short  periods  of  time.  As  the  equip- 
ment necessary  for  using  tar  is  similar  to  that  used 
for  oil,  such  a  change  may  be  quickly  accomplished.  It 
is  a  good  plan,  however,  when  making  such  a  change 
to  clean  out  the  system  with  steam  under  high  pres- 
sure in  order  to  free  the  pipes  of  any  carbonaceous  de- 
posits which  may  have  collected  in  them. 

Installations  of  special  equipment  for  handling 
liquid  fuels  are  required,  the  cost  of  such  equipment, 
however,  being  comparatively  moderate.  Storage 
tanks  of  variable  capacity  will  be  required  to  meet  the 
demands  of  the  individual  plant.  The  use  of  large  stor- 
age tanks  at  by-product  coke  oven  plants,  however, 
makes  it  unnecessary  to  provide  large  tank  installations 
at  the  open-hearth  plant.  Where  fuel  oil  is  depended 
upon  alone,  possible  delays  in  transportation  due  to 
distance  from  supply  stations  may  necessitate  very 
large  storage  tanks  for  even  moderate  sized  open- 
hearth  installations.  All  storage  tanks  for  tar  and  the 
heavier  fuel  oils  must  be  equipped  with  internal  steam 
coils  in  order  to  supply  sufficient  heat  to  decrease  its 
\iscosity  to  such  an  extent  that  it  may  be  readily 
pumped  through  the  furnace  supply  pipes  and  be  bet- 
ter atomized  at  the  burner.  The  installation  of  a  regu- 
lator in  the  steam  line  is  of  considerable  benefit  in 
maintaining  proper  temperature.  The  temperature  of 
the  tar  in  the  tank  found  most  desirable  in  practice 
varies  from  125  deg.  to  150  deg.  F.  The  temperature 
used  for  pumping  and  free  circulation  of  heavy  fuel  oils 
is  usually  around  10  deg.  F.  Higher  temperatures  tend 
toward  the  deposition  of  hydrocarbon  which  may  cause 
clogging  of  the  burner.  Lower  temperatures  cause 
poor  atomization  and,  therefore,  dripping  at  the  burner 
with  consequent  loss  of  thermal  value. 

When  unloading  from  tank  cars,  strainers  for  re- 
moving solid  mechanical  impurities  are  placed  in  the 
pipe  line  to  the  tanks  if  unloading  is  accomplished  by 
gravity  or  in  the  suction  line  of  pumps  when  it  is 
necessary  to  use  the  latter  means  of  unloading.  Such 
straining  is  usually  through  baskets  of  3/16-in.  mesh 
screens,  set  in  suitable  castings  in  the  pipe  line. 

The  liquid  fuel  is  pumped  from  the  supply  tanks 


through  pipes  to  the  various  furnaces.  Pumps  in- 
stalled for  this  purpose  are  of  both  the  duplex  and  tri- 
plex type,  governed  to  maintain  a  steady  pressure  on 
the  line.  Where  trouble  is  experienced  with  pulsa- 
tions, relief  is  sometimes  found  by  applying  compressed 
air  directly  to  the  tank.  All  pumping  equipment  should 
be  in  duplicate  in  order  to  prevent  serious  delays  in 
furnace  operation  during  periods  when  it  is  necessary 
to  make  repairs  to  the  pumps.  When  steam  is  de- 
pended upon  for  pumping,  an  auxiliary  electrically 
driven  pump  will  provide  additional  flexibility  in  case 
of  breakdown  or  vice  versa. 

In  order  to  convey  tar  and  the  more  viscous  fuel 
oils  to  the  furnaces,  pipe  lines  are  arranged  so  that, 
after  the  various  furnaces  have  been  supplied,  the  line 
is  returned  to  the  pump.  It  is  necessary  in  some  cases 
to  pump  as  much  as  50  per  cent  more  fuel  than  is  actual- 
ly consumed  by  the  furnaces.  Both  the  supply  and 
return  lines  should  be  run  parallel  with  a  steam  line 
and  the  three  enclosed  with  a  heavy  asbestos  covering 
to  prevent  cooling  of  the  fuel  during  circulation.  The 
size  of  lines  for  the  fuel  should  usually  not  be  less  than 
three  inches  in  diameter  as  smaller  lines  cause  too  much 
restriction  to  oil  flow.  Since  storage  tanks  are  gen- 
erally isolated  from  the  open-hearth  building,  it  may  be 
necessary  to  reheat  the  fuel  as  soon  as  it  enters  the 
building.  A  steam  jacketed  heater  is  satisfactory  for 
this  purpose.  Reheating  of  the  liquid  fuel  with  a  sim- 
ilar steam  heater  may  also  be  necessary  at  the  furnace, 
before  the  fuel  enters  the  burner. 

A  practice  whereby  a  limited  amount  of  cheaper 
high  sulphur  fuel  oil  may  be  used  in  connection  with 
the  more  costly  low  sulphur  oil  without  detriment  to 
the  quality  of  the  finished  product  has  been  in  use  for 
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Fig.  7 — Water-jacketed  liquid  fuel  burner. 


a  number  of  years  at  an  open-hearth  plant  in  the  east 
where  the  cost  of  fuel  oil  justifies  its  entire  use  in  pref- 
erence to  producer  gas.  The  high  sulphur  oil  obtain- 
able has  a  density  averaging  about  15  deg.  Be.  and  is 
handled  through  a  circulating  oil  system  as  described 
above.  This  oil  is  circulated  at  about  150  deg.  to  160 
deg.  F.  The  low  sulphur  oil,  averaging  25  deg.  Be. 
and  being  considerably  less  viscous,  is  supplied  to  the 
furnaces  through  one  pipe  line  which  is  dead  ended 
after  supplying  the  last  furnace  in  the  system.  The 
temperature  of  the  lighter  oil  at  the  pumping  station 
varies  from  about  90  deg.  to  100  deg.  F.  The  furnaces 
are  operating  entirely  with  a  cold  pig  iron  and  scrap 
practice.  During  melting  down  of  the  charge,  low  sul- 
phur oil  is  used  entirely.  After  the  slag  completely 
covers  the  charge,  high  sulphur  oil  is  used  for  the  com- 
pletion of  the  heat.  The  furnace  supply  lines  for  both 
the  high  and  low  sulphur  oils  are  brought  together  just 
before  reaching  the  three-way  reversing  valve.  Valves 
for  shutting  off  either  the  high  or  low  sulphur  oils, 
as  the  practice  demands,  are  conveniently  arranged 
in  the  separate  oil  lines  just  before  the  two  supply  lines 
are  joined. 
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As  tar  is  more  difficult  to  atomize  than  even  the 
heavier  fuel  oils,  the  type  of  burner  used  is  wortliy  of 
considerable  attention.  The  most  common  type  of 
burner  used  for  atomizing  tar  is  illustrated  in  Fig.  4, 
where  the  tar  is  introduced  through  a  central  nozzle 
with  the  steam  chamber  entirely  surrouiuling  it.  With 
burners  of  this  type,  various  alterations  of  design 
have  been  tried  with  the  idea  of  increasing  the  efficiency 
of  atomization  by  inserting  a  valve  spindle  through  the 
tar  sujjply  pi])e,  and  attaching  a  ball  or  cone  to  the 
s])indle  at  the  fuel  orilice.  The  ball  or  cone  diverts  the 
tar  dirccth'   into   tiie   path  of  the  steam  giving  better 


Fig.  8 — Oil  burner  in  brick  tunnel  through  end  of  open- 
hearth  furnace. 


oiijiortunity  for  atomization.  Another  modification  of 
this  burner  may  be  obtained  by  plugging  the  end  of 
the  nozzle  and  drilling  holes  at  various  points  through- 
out its  circumference  through  which  the  liquid  fuel  is 
forced  into  the  path  of  the  steam. 

Fig.  5  illustrates  a  burner,  designed  and  patented  by 
Mr.  Krause  of  the  South  Chicago  plant  of  the  Illinois 
Steel  Company,  intended  primarily  for  increasing  the 
efficiency  of  atomization  when  burning  tar.  Its  con- 
struction lends  itself  readily,  however,  to  the  applica- 
tion of  atomizing  fuel  oils  with  great  efficiency.  It  is 
quite  simple  in  design  but  very  effective  in  atomizing 
tar.  The  tar  supply  passes  through  the  central  part 
of  the  valve  to  the  button  at  the  end  of  the  valve  stem 
where  it  is  sprayed  in  fan  shape  into  the  path  of  the 
steam.  Small  projections  from  the  valve  stem  to  the 
wall  of  the  valve  prevent  vibrations.  The  steam  cham- 
ber is  conicled  in  the  direction  of  the  tar  outlet  so  that 
maximum  velocity  is  obtained  at  the  area  of  contact 
between  the  tar  and  oil.  The  atomization  of  the  tar 
accomplished  in  this  burner  jiroves  very  effectual  as 
judged  by  combustion  conditions  within  the  furnace. 
The  burner  also  has  the  advantage  of  being  quickly 
cleaned  by  screwing  the  valve  stem  in  or  our  if  clogging 
occurs  at  the  tar  orifice. 

The  steam  pressure  on  the  line  supplying  steam  for 
atomization  varies  from  50  to  125  pounds  per  square 
inch,  dependent  on  furnaces  and  burner  construction. 
Likewise,  the  amount  of  steam  per  gallon  of  oil  ato- 
mized varies  from  about  three  to  six  pounds.  Dry 
steam  is  essential  for  good  atomization,  steam  separ- 
ators being  used  where  necessary  at  advantageous  posi- 
tions on  the  line  to  obtain  this  condition.  While  the 
amount  of  steam  seems  relatively  small,  it  is  an  item 
which  should  not  be  neglected  in  determining  the  type 


of  burner  to  be  used.  Compressed  air  has  not  proven 
satisfactory  for  the  atomization  of  tar.  As  fuel  oils 
can  be  atomized  with  compressed  air,  however,  tests 
have  been  conducted  at  an  open-hearth  plant  using 
fuel  oil  only  to  determine  whether  steam  or  compressed 
air  was  cheaper.  Such  tests  showed  a  net  saving  of 
seven  per  cent  in  the  amount  of  fuel  oil  consumed  in 
favor  of  compressed  air,  using  a  type  of  burner  found 
to  give  consistently  good  results  in  furnace  operation. 

With  the  temperature  conditions  existing  on  the 
ends  t)f  an  open-hearth  furnace,  it  is  necessary  to  pro- 
vide some  means  of  preventing  the  burner  from  being 
destroj'ed.  This  may  be  accomplished  by  providing 
mechanical  means  of  swinging  the  burner  out  of  the 
furnace  when  not  in  use;  by  placing  the  burner  within 
a  water  jacket ;  or  by  building  a  tuiniel.  which  may  or 
may  not  be  water  jacketed,  into  the  end  of  the  furnace. 
As  the  majority  of  o])en-hearth  furnaces  on  which 
liquid  fuels  are  now  used  were  designecl  primarily  for 
the  use  of  producer  gas,  there  is  commonly  not  suffi- 
cient space  between  furnaces  to  permit  of  the  use  of 
swinging  burners. 

In  cases  where  tar  is  to  be  used  in  combination 
with  coke  oven  gas  and  the  introduction  of  both  fuels 
has  been  found  to  give  the  best  results  when  admitted 
into  the  end  of  the  furnace,  the  gas  burner  and  tar  burn- 
er are  combined  in  the  same  water  jacket  as  illustrated 
in  Fig.  6.  Coke  oven  gas,  due  to  being  very  light,  is 
always  introduced  under  the  tar  or  oil,  tiie  heavier 
liquid  fuel  acting  as  a  blanket  to  keep  the  lighter  gas 
from  rising  and  burning  at  the  roof  of  the  furnace  with 
consequent  short  life  of  the  furnace  roof.  The  objec- 
tion to  using  a  burner  of  this  type  is  that  the  tar  and 
steam  both  must  pass  through  a  long  atomizing  cham- 
ber surrounded  with  water.  The  cooling  effect  of  the 
water  tends  towards  both  condensation  of  the  steam 
and  liquefaction  of  the  tar.  The  shape  of  the  gas  tip 
used  with  the  combination  coke  oven  gas  and  tar 
burners  is  either  round  or  flattened.  As  the  details  of 
furnace  construction  vary,  it  will  be  necessary  to  de- 


Water  Jacketed 
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Fig.  9 — Tar  burner  in  producer  gas  furnace. 

terniine  by  ex])eriment  whether  the  coke  oven  gas  will 
give  better  results  with  either  the  round  or  flattened 
nozzle. 

With  furnaces  designed  for  introducing  tar  alone 
at  the  ends  of  the  furnace,  a  water  jacketed  burner 
similar  to  that  illustrated  in  Fig.  7  may  be  used.  This 
t\'pe  of  Inu'ner  does  not  ])ossess  the  ol:)jectionable  fea- 
ture of  bringing  the  burner  chamber  in  direct  contact 
with  the  cooling  water.  A  similarly  designed  water 
jacket  may  also  be  used  in  connection  with  the  combi- 
nation tar  and  coke  oven  gas  burner. 

i\  brick  tunnel  may  be  built  into  the  furnace  from 
the  end  wall  as  shown  in  Fig.  8.    The  high  temperatures 
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existing  in  the  furnace  may  necessitate  water-cooling 
in  order  to  insure  necessary  life  of  the  tunnel.  In  some 
furnaces,  however,  using  fuel  oil  and  having  a  tunnel 
similar  to  that  shown  in  Fig.  8,  a  small  amount  of 
steam,  insufficient  to  interfere  with  furnace  operation, 
is  kept  passing  through  the  unused  burner,  neither  bur- 
ner or  tunnel  being  water-cooled. 

The  extent  to  which  changes  in  design  of  furnace 
ends  is  justifiable  is  in  a  measure  determined  by  the 
quantity  and  type  of  liquid  fuel  available.  Fig.  9 
illustrates  a  method  used  for  introducing  a  tar  or  oil 
burner  into  the  end  of  a  furnace  designed  for  use  with 
producer  gas.  Other  features  of  furnace  design  may 
require  the  burner  to  be  introduced  so  that  its  tip 
partly  extends  into  the  gas  port,  instead  of  taking  the 
position  shown  in  Fig.  9.  In  very  large  furnaces,  bet- 
ter fuel  distribution  may  at  times  be  had  by  using  two 
burners  on  each  end  of  the  furnace,  each  burner  being 
located  toward  the  side  wall  of  the  furnace. 

Where  a  steady  supply  of  liquid  fuel  is  available, 
the  construction  of  the  furnace  ends  may  be  consider- 
ably simplified  as  illustrated  in  Fig.  10.  With  this 
design,  the  air  for  combustion  is  admitted  through  two 
uptakes  at  the  corners  of  the  furnace  and  the  cinder 
pockets  are  combined  into  one  chamber.  Both  checker 
chambers  at  each  end  of  the  furnace  are  utilized  for 
heating  the  air.  Fig.  8  shows  the  modification  of  port 
construction  applied  to  a  50-ton  oil  burning  tilting  fur- 
nace. 

The  location  of  the  burner  in  the  furnace  for  either 
tar  or  fuel  oil  is  of  great  importance,  and  in  practice 
differs  as  to  the  height  aliove  and  angle  which  it  makes 
with  the  bath  line  and  the  length  introduced  into  the 
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Fig.  10 — Design  of  open-hearth  furnace  end  for  tar  burning. 

furnace.  It  should  be  placed  so  that  luminosity  is  ob- 
tained as  soon  as  the  fuel  reaches  the  furnace  heartti. 
In  connection  with  this,  it  is  important  that  the  burner 
be  so  placed  and  the  port  ends  so  constructed  that 
proper  direction  of  atomized  fuel  and  air  for  combus- 
tion will  give  the  most  efficient  melting  down  and  pre- 
vent melting  of  the  roof.  As  difTerent  types  of  burners 
vary  in  the  thoroughness  of  atomization,  the  type  of 
burner  used  will  have  some  bearing  on  its  location. 

The  use  of  a  satisfactory  quality  of  liquid  fuel  alone 
requires  little  or  no  changes  in  open-hearth  practice. 
It  has  been  used  with  furnaces  up  to  200  tons  capacity. 
The  quantity  of  fuel  consumed  per  ton  of  ingots  pro- 
duced will,  however,  vary  according  to  the  open-hearth 
practice  used  at  different  localities.  Furnaces  operat- 
ing with  a  combination  coal  tar  and  coke  oven  gas 
practice  use  variable  percentages  of  each,  depending  on 
local  conditions.     Commc/nly,   however,  about  50  per 


cent  of  the  heat  required  is  derived  from  each  source. 
Some  plants  have  experienced  a  reduction  of  10  to  15 
per  cent  in  the  time  of  heats  under  similar  conditions 
and  a  reduction  in  furnace  repairs,  as  compared  with 
furnaces  operating  with  producer  gas.     Where  waste 


Fig.  11 — Cross  section  of 
earlier  type  of  coal  fired, 
old  process  patenting 
furnace. 


Fig.  12  —  Later  design  of 
coal  fired,  old  process 
patenting  fiu-nace. 


heat  boilers  are  installed,  the  less  volume  of  gases  from 
liquid  fuel  burning,  as  compared  with  furnaces  operat- 
ing with  producer  gas,  results  in  a  less  amount  of  hear 
available  for  use  in  the  boilers. 

Application  of  Liquid  Fuel  to  Heat 

Treatment  of  Wire  Products 

Fuel  oil  has  proven  of  considerable  value  in  its  ap- 
plication to  furnaces  used  in  the  continuous  heat  treat- 
ments of  both  high  and  low  carbon  steel  rods  or  wire. 
The  heat  treatments  in  common  use  in  the  production 
of  steel  wires  are  patenting,  hardening  and  tempering, 
and  annealing.  The  two  latter  treatments  mentioned 
are  quite  familiar.  The  patenting  process,  however, 
finds  its  chief  commercial  application  throughout  the 
wire  producing  industry.  A  brief  discussion  of  the 
patenting  process  will  serve  to  indicate  the  adaptability 
of  fuel  oil  to  the  furnaces  required  to  carry  on  this 
heat  treatment.  The  patenting  process  is  intended  to 
im])art  to  the  wire  a  uniform  degree  of  toughness  and 
temper  which  will  permit  of  drawing  the  wire  through 
dies  to  obtain  the  proper  size  and  quality  demanded  for 
various  commercial  purposes.  The  patenting  process 
of  wire  is  accomplished  by  two  general  methods.  One 
of  these  types  is  known  as  old  process  patenting,  in 
which  the  wire  or  rod  is  continuously  passed  through 
a  furnace,  where  it  is  required  to  reach  a  temperature 
of  approximately  1,700  deg.  F.,  after  which  it  passes 
out  of  the  furnace,  through  unrestricted  air  space,  to 
be  again  wound  on  reels  to  facilitate  handling.  The 
second  type  of  patenting  is  known  as  double  lead  pat- 
enting, in  which  the  wire  or  rod  is  passed  continuously 
through  a  hot  metal  bath,  usually  lead,  where  it  is  heat- 
ed above  its  critical  temperature  and  passes  immediate- 
ly into  another  lead  bath  having  a  temperature  below 
the  critical  temperature  of  the  steel.  Each  of  these 
processes  has  its  particular  use  in  the  production  of 
various  grades  of  wire  for  definite  commercial  uses. 
The  double  lead  process,  however,  on  account  of  ob- 
taining better  temperature  control  surpasses  in  per- 
mitting the  production  of  high  carbon  wires  of  great 
strength  and  toughness. 

With  the  introduction  of  old  process  patenting  to 
the  wire  industry,  furnaces  were  generally  designed 
for  the  use  of  coal,  except  where  natural  gas  was  avail- 
able, and  coal  fired  furnaces  for  this  purpose  are  still 
used  where  economic  conditions  are  favorable.  The 
process  requires  that  a  large  tonnage  of  cold  rods  or 
wire  pass  through  the  furnace  and  exit  at  comparative- 


554 


ThoWasfF, 


.<;:? 


uniacG, 


Sfe.1  PI 


anr 


November,  1922 


ly  uniform  temperatures.  Early  furnace  designs,  such 
as  illustrated  in  the  furnace  cross  section  of  Fig.  11 
provided  for  a  large  amount  of  brick  work  which  acted 
as  a  reservoir  for  radiating  heat  to  the  rods  or  wire  as 
they  passed  through  the  tubes.  Heat  was  supplied 
from  a  coal  lire  at  the  end  of  the  furnace,  the  gases 
supplied  from  a  coal  fire  at  the  end  of  the  furnace,  the 
gases  passing  under  the  tube  brick  arch  to  the  opposite 
end  of   the   furnace,   returning   the    full   length   of   the 


Fig.  13A — Cross  section  of  old  process  patenting  furnace. 

furnace  over  the  top  of  the  tubes  and  then  passing  lo 
the  Hues.  A  later  development  of  the  furnace  is  shown 
in  Fig.  12  and  eliminates  the  tube  brick  arch,  providing, 
therefore,  for  the  passage  of  the  wire  directly  through 
the  furnace  gases.  While  the  latter  design  reduced 
the  cost  of  coal  per  ton  of  product,  furnace  temperature 
control  was  no  better  than  with  the  original  type  of 
furnace  and  the  possibility  for  fluctuations  of  tempera- 
ture during  cleaning  of  fires  still  existed.  By  using 
fuel  oil,  furnace  designs  for  old  process  patenting  could 
be  readily  varied  in  order  to  utilize  the  full  effects  of 
the  heat  of  combustion  at  a  position  in  the  furnace 
which  would  most  favor  thorough  heating  of  the  wire 
or  rods  to  the  desired  temperature.  The  design  of  a 
patenting  furnace  in  which  very  efficient  heat  treat- 
ment is  performed  is  illustrated  in  Fig.  13.  The  arch 
in  the  furnace  is  somewhat  similar  to  that  of  a  longi- 
tudinally bisected  frustum  of  a  cone,  using  the  bisect- 
ed plane  as  a  base.  The  burner  is  introduced  in  the 
end  of  the  furnace  at  the  narrow  end  of  the  cone  and 
is  of  the  type  illustrated  in  Fig.  2  with  a  nozzle  of 
sufficient  length  to  extend  within  the  furnace  wall.  Air 
for  combustion  is  admitted  around  the  burner.  Dry 
steam  under  125  pounds  pressure  is  used  for  atomiza- 
tion.  The  maximum  temperature  generated  within 
the  furnace  is  obtained  at  the  most  desirable  position 
in  the  furnaces  or  just  before  the  wire  passes  out  of 
the  furnace  into  the  air.  The  furnace  gases  pass  over 
the  top  of  the  arch  and  exit  into  a  flue  on  the  same 
end  of  the  furnace  in  which  the  burner  is  placed.  As 
the  wire  travels  in  the  opposite  direction  to  the  fur- 
nace gases,  opportunity  is  presented  for  both  gradual 
heating  of  the  wire  and  utilization  of  heat  in  the  waste 
gases. 

The  same  type  of  furnace  is  utilized  for  heating  the 
lead  kettle  when  the  double  lead  patenting  process  is 
used.  A  perforated  brick  arch  is  placed  in  the  area 
marked  "B-B"  Fig.  13  B  on  which  the  lead  kettle  rests. 
The  hot  gases  pass  up  through  the  interstices  of  the 
arch,  entirely  surrounding  the  bottom  and  sides  of 
the  kettle,  after  which  they  leave  the  furnace  in  the 
same  manner  as  described  above,  supplying  an  oppor- 
tunity to  utilize  the  waste  gases  for  reheating  the  wire 
before  it  enters  the  lead  kettle.  The  colder  lead  bath 
used  with  this  process  obtains  the  greater  proportion 


of  its  heat  from  the  hot  wire  entering  it  although  addi- 
tional heat  may  be  bypassed  from  the  hot  lead  kettle 
furnace,  if  necessary,  to  the  colder  lead  kettle. 

If  the  cold  lead  pan  is  removed  from  the  end  of 
the  furnace  and  rejjlaced  with  a  trough  tlinnigh  which 
is  circulated  a  supply  of  quenching  oil,  then  we  have  an 
oil-fired  continuous  hardening  equipment.  For  draw- 
ing the  temper,  a  separate  oil-fired  lead  kettle  is  ar- 
ranged back  of  the  quenching  oil  troughs.  The  same 
design  with  lead  kettle  in  place  may  further  be  used 
for  the  continuous  annealing  of  wire  in  lead. 

Furnaces  of  this  type  consume  much  smaller  quan- 
tities of  fuel  per  hour  as  compared  with  open-hearth 
furnaces.  Burners  are,  therefore,  smaller  in  all  details 
and  the  possibilities  for  clogging  of  burners  due  to 
mechanical  impurities  in  the  oils  is  much  greater  than 
experienced  where  consumptions  are  quite  large  as  in 
open-hearth  practice.  Greater  care  must,  therefore,  be 
exercised  in  keeping  a  clean  sujjply  of  oil  flowing  at  all 
times. 

With  large  tonnages  of  wire  or  rods  to  be  handled, 
it  is  desirable  to  segregate  similar  heat  treating  equip- 
ment and  use  several  separate  oil  supply  systems  rather 
than  attempt  too  large  an  individual  installation.  The 
arrangements  for  supplying  fuel  oil  to  the  various  fur- 
naces have  been  described  with  this  idea  in  mind. 

While  fuel  oils  having  a  density  averaging  15  deg. 
Be.  require  the  use  of  an  elaborate  system  for  handling, 
their  cheapness  as  compared  with  the  lighter  oils  justi- 
fies the  installation  required  for  handling  them  for  fur- 
naces of  the  above  type. 

Fuel  oil  is  brought  to  the  storage  tanks  by  tank  cars 
where  it  is  unloaded  by  pumps  having  strainers  in  the 
suction  line.  It  is  not  customary  to  pump  from  storage 
tanks  directly  to  the  burners  as  intermittent  unloading 
of  oil  is  too  likely  to  cause  a  general  drop  of  tempera- 
ture in  the  storage  tank  which  would  interfere  with  cir- 
culation and  atomization.  Transfer  pumps  are,  there- 
fore, used  to  pump  the  fuel  oil  from  the  storage  tank 
into  the  tank  in  which  it  is  to  be  used  for  furnace  sup- 
ply. Steel  tanks  used  for  mill  supply  are  usually 
placed  underground  in  concrete  pits  as  this  assists  in 
keeping  the  oil  at  the  desirable  temperature  for  pump- 
ing. As  it  is  necessary  to  have  each  tank  vented,  vents 
have  been  surrounded  with  small  circular  steam  pipes 
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Fig.  13B — Longitudinal  section  through  middle  of  old  process 
patenting  furnace. 

having  jet  holes  several  inches  apart  pointing  towards 
the  center  for  the  purpose  of  smothering  the  fire  in 
case  of  ignition.  Steam  valves  for  controlling  this  fea- 
ture have  been  placed  conveniently  at  considerable  dis- 
tance from  the  tanks.  Both  sets  of  tanks  are  equipped 
with  steam  coils  for  heating  the  oil  and  all  pumps  are 
in  duplicate  to  avoid  delays  in  case  of  the  necessity  for 
repairs. 
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As  straining  is  of  great  importance  with  small  oil 
consumption  per  burner,  strainers  are  inserted  in  the 
suction  line  of  both  the  transfer  and  mill  supply  pumps, 
in  order  to  afford  all  the  opportunity  possible  to  re- 
move mechanical  impurities.  Strainers  used  for  this 
purpose  are  illustrated  in  Fig.  14  in  which  a  cylindrical 
basket  made  from  wire  gauze  having  25  meshes  per 
inch  is  used.  Each  pump  has  two  strainers  with  suita- 
ble valve  arrangements  in  the  suction  line  so  that  the 
strainers  may  be  cleaned  without  interruption  to  pump- 
ing. Both  pumps  and  strainers  when  located  in  places 
subject  to  severely  cold  weather  are  steam  jacketed. 

The  fuel  oil  is  circulated  as  described  for  tar  or 
heavy  fuel  oil  at  open-hearth  plants  with  the  same  pro- 
vision for  combining  the  supply  and  return  oil  line  to- 
gether with  a  steam  line.  A  stand-pipe  of  the  same 
diameter  as  the  supply  line  is,  however,  inserted  in  the 
return  line  of  the  sjstem.     The  stand-pipe  acts  as  a 


of  mechanical  injection  now  used  quite  extensively  with 
boilers,  and  the  other,  the  use  of  the  recuperative  prin- 
ciple wherever  it  can  properly  be  applied  in  the  con- 
struction of  furnaces  which  now  obtain  their  air  for 
combustion  at  atmospheric  temperatures. 


Fig.  lA — Oil  strainer. 

reservoir  and  also  serves  to  reduce  the  eitects  of  pump 
pulsations  which  are  particularly  aggravating  with 
small  oil  consumptions  per  burner.  A  valve  is  placed 
at  the  top  of  the  stand-pipe  to  regulate  the  amount  of 
oil  returned.  Oil  supplied  under  a  pressure  of  35  to  -K) 
pounds  per  square  inch  and  steam  under  pressure  of 
125  pounds  per  square  inch  give  the  most  satisfactory 
operating  conditions.  Dry  steam  is  not  only  desirable 
but  essential  and  steam  separators  are  used  in  the  line 
where  necessary. 

The  above  describes  the  system  used  for  handling 
heavy  fuel  oil  for  several  supply  systems,  accommodat- 
ing a  fairly  large  number  of  furnaces.  The  lighter  fuel 
oils  may  be  handled  with  less  attention  to  their  tem- 
perature. Where  small  heat  treating  furnaces  are  re- 
quired for  use  in  isolated  places,  the  lighter  grades  of 
fuel  oil  requiring  no  elaborate  methods  for  handling 
can  be  utilized  quite  favorably  by  the  installation  of 
a  small  pressure  blower  and  fuel  tank,  the  blower  sup- 
plying both  the  air  for  atomization  and  pressure  for 
forcing  the  fuel  from  the  tank  to  the  burner. 

Conclusions. 

Liquid  fuels  when  available  at  satisfactory  prices 
may  be  adapted  to  a  large  variety  of  furnaces  used  in 
conducting  metallurgical  operations.  The  relatively 
small  initial  expenditure  required  for  its  application 
and  the  ease  of  manipulation  of  furnace  temperatures 
make  the  use  of  liquid  fuels  quite  attractive.  Success 
in  using  this  type  of  fuel  depends  on  furnace  design, 
proper  methods  for  its  distribution  to  the  furnace,  and 
on  burners  which  will  thoroughly  atomize  the  fuel.  In 
the  future  development  of  the  use  of  liquid  fuel  for 
metallurgical  furnaces,  there  are  at  least  two  important 
principles  to  consider  in  an  effort  to  obtain  further 
economy.    One  of  these  is  the  adoption  of  the  principle 


USE  OF  OXYGEN  IN  METALLURGICAL 
OPERATIONS 

Use  of  oxygen  in  connection  with  the  enrichment 
of  the  blast  in  the  blast  furnace  and  in  practically  all 
phases  of  pyro-metallurgical  work  will  furnish  the  key 
to  success  in  the  further  development  of  such  metal- 
lurgical operations,  according  to  Dr.  F.  G.  Cottrell, 
formerly  director  and  now  consulting  metallurgist  of 
the  United  States  Bureau  of  Mines,  who  tirst  directed 
the  bureau's  attention  to  this  subject.  Through  this 
enrichment  process,  it  is  hoped  to  increase  the  effi- 
ciency of  metallurgical  operation  with  a  resultant  pro- 
duction of  metals  at  lower  cost  and  possibly  the  use  of 
lower  grade  ores. 

The  Bureau  of  Mines  now  has  outlined  plans  for 
two  studies  which  will  be  carried  on  simultaneously. 
The  first  will  cover  the  present-day  processes  for  the 
production  of  oxygen,  in  order  to  determine  the  feasi- 
bility of  attempting  to  produce  oxygen,  or  oxygenated 
air,  in  such  amounts  and  at  such  a  cost  as  to  permit  of 
its  use  in  metallurgical  operations.  The  second  study 
will  be  devoted  to  the  feasibility  of  using  oxygen,  or 
oxygenated  air,  in  metallurgical  operations. 

Because  of  his  interest  in  this  investigation,  M.  H. 
Roberts,  vice-president  of  the  Franklin  Railway  Sup- 
ply Company,  was  asked  to  select  an  advisory  commit- 
tee to  work  with  the  Bureau  of  Mines  and  to  act  as 
chairman  of  this  committee.  The  committee  will  con- 
sist of  Dr.  F.  G.  Cottrell,  director  of  the  Fixed  Nitrogen 
Research  Laboratory ;  Prof.  W.  L.  DeBaufe,  chairman 
of  the  mechanical  engineering  department  of  the  Uni- 
versity of  Nebraska  ;  Dr.  D.  A.  Lyon,  chief  metallurgist 
of  the  Bureau  of  Mines ;  Dr.  R.  B.  Moore,  chief  chemist 
of  the  Bureau  of  Mines;  Dr.  R.  C.  Tolman,  professor 
of  physical  chemistry  and  mathematical  physics,  Cali- 
fornia Institute  of  Technology ;  J.  W.  Davis,  mechani- 
cal engineer  of  the  Bureau  of  Mines;  F.  W.  Davis, 
metallurgist  of  the  Bureau  of  Mines;  Frank  Ilodson, 
president  of  the  Electric  Furnace  Construction  Com- 
pany, and  P.  H.  Royster,  assistant  metallurgist  of  the 
Bureau  of  Mines. 

Previous  to  the  war,  some  work  was  done  in  Bel- 
gium on  the  enrichment  of  the  blast  with  oxygen  in 
connection  with  the  smelting  of  iron  ores  in  the  blast 
furnace.  In  the  United  States,  the  late  J.  E.  Johnson, 
Jr.,  was  interested  in  the  possible  use  of  oxygen  in 
metallurgical  operations  and  carried  on  some  experi- 
mental work  along  these  lines  previous  to  his  death. 


MEETING   OF   ELECTRIC   STEEL   FOUNDERS' 
RESEARCH  GROUP 

The  chief  executives  and  the  operating  officials  of 
the  companies  comprising  the  Electric  Steel  Founders' 
Research  Group  recently  held  a  three-day  meeting  at 
Wernersville,  Pa.,  at  which  exhaustive  progress  reports 
were  presented  on  researches  being  conducted  by  the 
organization  into  annealing,  core  practice,  facing 
practice,  furnace  practice,  and  the  elimination  of  slag 
from  castings. 

The  group  members  report  that  the  standardization 
of  practices  has  recently  been  extended  to  cover  meth- 
ods of  chemical  analysis. 
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Heating  Furnaces  for  Blooms,  Slabs  and 

Billets 

Selection  of  Fuels — Types  of  Furnaces — Efficiency  Tests — Recom- 
mendations with  Respect  to  Roof,  Hearth,  Skids,  Burners,  Regu- 
lators and  Meters,  Pusher,  Roof  Recuperator,  Discharging  and 
Charging   Mechanism,    Insulation,   Water   Cooled    Devices,   Etc. 

By  W.  p.  CHANDLER,  JR.f 


IHAV1{  been  asked  to  prepare  a  paper  on  "llcatiny; 
Furnaces  fur  Blooms,  Slalis  and  Billets,"  with  spe- 
cial attention  to  fuel  economy.  If  taken  broadly,  this 
subject  would  include  all  types  of  furnaces  with  the 
different  methods  for  firing  the  various  fuels  in  use. 
I  shall,  however,  cover  briefly  the  various  methods 
of  firing  metallurgical  heating  furnaces,  and  describe 
particularly  two  certain  types  of  furnaces  with  which 
I  am  particularly  acquainted.  These  furnaces  use  by- 
product coke  oven  gas  as  fuel,  but  conclusions  can  be 
drawn  from  the  results  of  tests,  that  may  be  applicable 
to  future  development  of  furnaces  using  any  type  of 
fuel  in  order  to  obtain  more  efficient  and  better  heating. 

Selection  of  Fuels. 

The  choice  of  fuels  for  use  in  heating  furnaces  is 
governed  by  availability  and  cost.  When  natural  gas 
was  ])lentiful  and  cheap  practically  no  other  fuel  was 
used,  but  with  the  growing  scarcity  of  this  fuel,  oper- 
ators have  been  forced  by  considerations  of  cost  and 
even  by  law  to  substitute  other  fuels. 

The  gaseous  fuels  such  as  natural  or  by-product  gas 
are  ideal  fuels  for  use  in  heating  furnaces.  They  re- 
quire the  least  amount  of  equipment ;  a  gas  main,  regu- 
lator and  burners  with  necessary  valves  make  a  com- 
plete installation.  The  varying  demand  of  the  fur- 
nace can  readily  be  met  with  an  increase  or  decrease 
in  the  supply  of  fuel,  while  the  temperature  of  the 
furnace  can  be  held  at  any  point  within  the  range  re- 
quired for  heating  steel.  The  most  important  factor 
governing  the  successful  use  of  a  gaseous  fuel  is  the 
maintenance  of  a  constant  pressure  on  the  burner 
valves.  This  can  be  accomplished  by  the  installation 
of  an  automatic  pressure  regulator. 

Liquid  fuels  such  as  by-product  tar  and  fuel  oil  re- 
quire additional  equipment.  A  storage  tank  equipped 
with  some  means  of  healing  the  fuel,  such  as  pipe 
coils  filled  with  steam,  a  pump,  pressure  regulator  and 
atomizing  burners  with  the  necessary  piping  and  valves 
make  up  the  usual  installation.  The  atomizing  burn- 
ers may  be  of  the  pressure  type  or  may  require  steam 
or  compressed  air,  in  which  case  a  source  of  supply 
for  the  atomizing  agent  must  be  provided.  As  in  the 
case  of  gaseous  fuels,  constant  pressure  for  both  fuel 
and  atomizing  agent  are  requisite  for  good  operation 
of  the  furnace.  The  main  reasons  these  fuels  have  not 
found  broader  use  lies  in  the  scarcity  of  by-product  tar 

*Papcr  read  before  the  .American  Iron  and  Steel  Institute, 
at  New  York,  October  27,  1922. 

fFucl  and  Experimental  Engineer,  Carnegie  Steel  Com- 
pany, Duquesne,  Pa. 


and  the  cost  of  fuel  oil  at  the  main  steel  mill  centers. 

Solid  fuel  in  the  form  of  coal  has  been  used  in  many 
reverberatory  heating  furnaces.  Originally,  the  firing 
was  done  by  hand  and  the  ashes  removed  by  manual 
labor.  The  high  labor  cost  in  this  country  has  forced 
the  development  of  labor  saving  devices.  The  me- 
chanical stoker  has  found  ready  application  and  a 
large  number  of  furnaces  are  operated  in  this  manner 
at  present.  The  installation,  aside  from  the  stoker 
proper,  requires  the  addition  of  coal  and  ash  handling 
machinery,  bins  and  in  the  case  of  forced  draft  stokers, 
the  necessary  fans  and  air  ducts.  It  also  precludes 
to  a  great  extent  the  savings  that  can  be  obtained  from 
recuperation  of  the  air  for  combustion. 

Another  development  in  the  application  of  coal  as 
fuel  for  heating  furnaces  has  been  through  the  use  of 
gas  producers.  By  this  method  the  preparation  of  the 
fuel  is  removed  from  the  furnace  and  the  heater  has 
to  deal  with  only  a  gaseous  fuel.  Only  about  80  per 
cent  of  the  heating  value  of  the  coal  is  realized  in  the 
producer  gas,  however,  and  with  the  rapidly  rising 
cost  of  coal  in  this  country  it  will  become  more  and 
more  difficult  to  justify  this  loss.  There  is  a  large 
increase  in  the  initial  cost  of  the  furnace  installation 
to  provide  the  producers,  building,  coal  and  ash  hand- 
ling machinery,  gas  flues  and  steam  lines.  A  general 
estimate  of  the  cost  can  hardly  be  made,  since  much 
depends  on  the  individual  installation.  The  size  of 
the  producer  plant,  location  with  reference  to  fur- 
naces served,  number  of  furnaces  to  be  operated  from 
one  producer  plant  and  such  items  require  that  a 
separate  study  be  made  for  each  case.  The  cost  of 
operating  the  producer  plant,  that  is  gasifying  the  coal, 
must  be  added  to  the  fuel  cost  in  any  comparison  of 
prices  of  various  fuels. 

In  recent  years  powdered  coal  fired  heating  furnaces 
have  found  favor  in  many  plants,  particularly  in 
France.  A  number  of  problems  in  its  use  will  have 
to  be  overcome  successfully  before  its  adoption  will  be- 
come general.  Removal  of  the  ash  from  the  products 
of  combustion  or  provision  for  its  free  passage  through 
the  furnace  must  be  provided  in  order  to  insure  uniform 
heating  of  the  steel.  The  intense  flame  with  its  con- 
sequent cutting  action  on  the  steel  must  be  cared  for, 
and  the  gain  in  efficiency  due  to  preheating  the  air  for 
combustion  will  increase  this  difficulty  by  causing  a 
still  more  intense  flame.  A  number  of  methods  and 
systems  for  pulverizing,  conveying  and  firing  powdered 
coal  are  on  the  market,  and  if  the  various  difficulties 
can  be  successfullj-  overcome,  material  savings  in  fuel 
may  be  obtained. 
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The  application  of  electrical  heating  in  metallurgi- 
cal work  is  comparatively  new.  Furnaces  using  elec- 
trical heat  for  heat  treatment  of  steel,  either  as  castings 
or  forgings,  are  successful  and  on  account  of  the  accu- 
racy with  which  the  desired  temperature  may  be  main- 
tained and  the  freedom  from  oxidation,  it  is  found 
that  it  pays  to  use  the  more  expensive  fuel  for  source  of 
heat,  electricity.  It  is  doubtful  if  electricity  will  be 
used  to  heat  steel  in  the  form  of  blooms,  slabs  and  bill- 
ets made  of  ordinary  steel,  except  in  special  localities 
where  electricity  is  cheap  and  fuel  is  scarce  and  ex- 
pensive. However,  where  steel  is  placed  in  a  furnace 
hot  and  merely  receives  a  soaking  heat,  as  in  the  case 
of  ingots  in  soaking  pits,  the  amount  of  electric  current 
required  per  ton  of  steel  is  small  and  it  is  probable 
that  the  saving  due  to  freedom  from  oxidation  or  scale 
and  from  burnt  steel  will  more  than  compensate  for 
the  cost  of  the  electric  current.  Such  electrically  heated 
soaking  pits  have  been  designed,  although  they  are  not 
in  operation  at  the  present  time. 

The  following  table  has  been  prepared  to  show  the 
allowable  price  that  can  be  paid  for  variuos  fuels  to  be 
equivalent  in  heating  value  to  natural  gas  at  $0.30  per 
thousand  cubic  feet.     The  cost  of  preparing  and  firing 


the  heat  from  the  products  of  combustion  or  roof, 
while  the  fourth  side  is  resting  on  the  heated  hearth 
of  the  furnace  and  absorbs  from  it  a  large  amount  of 
heat. 

The  time  required  for  heating  billets,  slabs  or 
blooms  depends  on  the  temperature  of  the  heating 
medium,  the  surface  of  the  steel  exposed  and  the  thick- 
ness of  the  steel.  The  temperature  of  the  continuous 
furnace  is  at  a  maximum  only  at  the  discharge  end 
and  gradually  decreases  to  the  rear,  while  only  one 
side  of  the  billet  is  available  for  absorbing  heat.  In 
the  non-continuous  furnace  the  temperature  is  at  the 
maximum  throughout  and  three  sides  of  the  billet  are 
available  for  absorbing  heat.  It  is  evident,  therefore, 
that  the  same  sized  billet  must  remain  longer  in  the 
continuous  than  in  the  non-continuous  furnace.  The 
dimensions  of  the  non-continuous  furnace  do  not  afifect 
directly  the  time  of  heating,  but  in  the  continuous  fur- 
nace, with  the  rolling  mill  handling  a  given  number  of 
bars  per  hour,  the  length  of  the  furnace  fixes  the  time 
of  heating.  With  everything  else  the  same,  the  time 
of  heating  in  a  continuous  furnace  varies  as  the  square 
of  the  thickness  of  the  billet,  so  that  a  five-inch  square 
liillet  requires  four  times  as  long  as  a  two  and  one- 


N;itural 
Gas 
Unit  1,000 

Cu.  Ft. 

Btu.   per  unit  delivered  :it  lieating  furnace !)50,000 

Equiralent  of  1.000  cu.  ft.  uf  uatural  gas 1.000 

Cost  of  preparing  per  unit ^ 00 

Co.st  of  firing  per  unit 00 

Total  co.st  of  equivalent  of  1,000  cu.  ft.  of  natural  gas $.."0 

Cost  above  fuel  of  equivalent  of  1.000  cu.  'ft.  of  natunil  gas 00 

Allu-\vable  cost  equivalent  of  1,000  cu.  ft.  of  natural  gaw t .30 

Allinrable  cost  per  unit  to  he  equivalent  to  coal  co.st  of  1.000  cu.  ft,  of  natural  gas M 


Fuel 


By- 

By- 

Coal  as 

Product 

Protlnct 

Fuel  Oil 

Producer 

Gas 

Tar 

Gas 

1,000 

1  Gross 

Cu.  Ft. 

IGal. 

IGal. 

Ton 

496,000 

lo«5,000 

137,600 

24.102,000 

1,015 

B.OSI 

6.90 

.03926 

00 

$.00023 

$.00023 

$1.60 

00 

.003 
.30 

.004 
.30 

.30 

.30 

00 

.0304 

.0276 

.062S 

.30 

.2606 

,2724 

.2372 

.157 

.044 

.040 

6.04 

the  fuels  has  been  added  in  arriving  at  the  allowable 
price,  but  no  allowance  has  been  made  for  the  efficiency 
obtained  in  the  furnace  itself.  Also  no  charge  for 
dej)reciation  or  interest  on  the  initial  investment  has 
been  made,  since  so  much  depends  on  the  individual 
installation. 

Types  of  Furnaces. 

There  are  two  main  types  of  furnaces  in  use  for 
heating  blooms,  slabs  and  billets,  the  continuous  and 
the  non-continuous.  The  latter  is  similar  in  construc- 
tion to  the  Siemens  open-hearth  furnace,  the  direction 
of  the  gas  flame  across  the  hearth  is  periodically  re- 
versed and  the  furnace  is  usually  equipped  with  re- 
generative checker  chambers  for  preheating  the  air 
used  for  combustion.  The  blooms  or  slabs  which  this 
type  of  furnace  usually  heats  are  charged  on  the  hearth 
of  the  furnace  and  remain  in  the  one  place  till  hot 
enough  to  roll.  The  continuous  furnace  is  not  re- 
versed, the  flame  always  traveling  in  the  one  direction, 
while  the  steel  usually  in  the  form  of  billets,  passes 
through  the  furnace  in  the  opposite  direction.  The  cold 
billets  enter  the  furnace  at  the  coolest  point  and  are 
pushed  forward  to  the  point  of  maximum  temperature 
where  they  are  discharged  to  the  rolls.  In  the  continu- 
ous furnace  the  billets  lie  tight  together  on  the  skids, 
forming  a  large  steel  plate  on  the  floor  of  the  furnace. 
Only  the  top  of  the  billet  is  exposed  so  that  all  the  heat 
required  to  bring  the  steel  to  rolling  temperature  must 
be  absorbed  by  this  surface.  In  the  non-continuous 
furnace  there  is  an  open  space  between  the  blooms, 
so  that  three  sides  are  available  for  directlv  absorbing 


half  inch  square  billet.  This  means  that  for  the  larger 
sizes  of  billets  long  furnaces  are  required  to  give  the 
capacity  required  by  the  rolling  mill.  For  blooms  and 
slabs  the  general  practice  so  far  has  been  to  use  non- 
continuous  furnaces,  but  for  5  by  5  inch  billets  and 
smaller  the  continuous  furnace  proves  very  satisfac- 
tory. 

Certain  of  the  alloy  and  spring  steels,  if  heated  too 
rapidly,  tend  to  crack,  so  that  care  must  be  used  in 
bringing  such  billets  up  to  rolling  temperature.  The 
continuous  furnace  fits  this  class  of  steel  admirably 
since  the  billet  enters  a  relatively  cool  part  of  the  fur- 
nace and  is  gradually  heated  to  the  temperature  re- 
quired for  rolling. 

Non-Continuous  Regeneration  Furnace. 

A  sketch  of  a  non-continuous  regenerative  furnace 
is  shown  in  Fig.  1.  The  hearth  which  is  18  feet  wide 
by  35  feet  long  has  a  silica  bottom,  made  by  fusing 
sand  in  thin  layers  until  the  proper  thickness  is 
reached. 

A  slight  slope  toward  the  rear  of  the  furnace  allows 
the  slag  which  forms  to  drain  through  spouts  into  slag 
pots.  The  steel  is  charged  and  drawn  through  doors 
in  the  front  by  a  charging  machine.  Four  pots  are 
provided  at  each  end  of  the  furnace,  through  which 
the  gas  with  part  of  the  air  for  combustion  is  admitted. 
The  remaining  air  for  combustion  enters  through  a 
wide  port  opening  between  the  roof  and  the  top  of  the 
gas  ports.  Two  regenerative  checker  chambers  are 
l^rovided  at  each  end  of  the  furnace,  as  producer  gas 
was  the  fuel  initially  used  and  this  gas  was  preheated 
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Fig.  I — Non-Continuous  Regenerative  Heating  Furnace. 


as  well  as  the  air  for  combustion.  The  checker  cham- 
bers are  connected  to  the  stack  by  flues  containing 
valves  and  dampers,  so  arranged  that  the  direction  of 
the  flow  of  the  hot  products  of  combustion  across  the 
hearth  may  be  periodically  reversed.  In  this  manner 
the  gas  is  first  burned  tlirough  one  end  of  the  furnace, 
while  the  waste  gases  leave  at  the  opposite  end,  heat- 
ing the  checkers  in  their  passage  to  the  stack.  The 
flow  is  then  reversed,  the  gas  is  burned  through  the 
other  end  and  the  air  for  combustion  is  preheated  in 
the  checker  chambers  which  have  just  received  their 
heat  from  the  waste  gases. 

Two  of  these  furnaces  serve  one  rolling  mill.  With 
one  furnace  containing  steel  heated  and  ready  to  roll, 
the  first  door  is  opened  and  the  part  of  the  hearth 
served  by  this  door  cleared  of  steel.  Then  the  second 
door  is  started  in  the  same  manner,  and  while  drawing 
the  second  door,  the  first  is  recharged.  This  is  con- 
tinued till  all  the  hot  steel  has  been  drawn  and  the  fur- 
nace refilled  with  cold  blooms.  The  charging  machine 
then  moves  to  the  second  furnace  and  repeats  the 
operation.  By  alternating  the  furnaces  little  time  is 
lost  waiting  on  hot  steel.  Blooms  varying  from  5  by  5 
inches  to  9^  by  11  inches  are  heated  in  this  furnace. 

Efficiency  Tests  of  Non-Continuous 

Regenerative  Furnaces. 

Method  of  Testing:  Efiiciency  tests  conducted  on 
the  furnace  just  described  were  made  in  the  following 
manner :  The  amount  of  by-product  gas  used  as  fuel 
was  measured  by  a  Wylie  proportional  meter,  which 
was  calibrated  with  a  pitot  tube  for  various  rates  of 
flow.  The  pressure  of  the  gas  was  measured  with  a 
mercury  U  gage,  the  temperature  with  mercurial  ther- 
momenter,  and  sam]iles  were  taken  for  chemical 
analysis  from  which  the  heating  value  was  calculated. 
A  record  was  kept  of  the  number  and  size  of  blooms 
heated  and  the  temperature  of  the  steel  leaving  the  fur- 
nace was  measured  by  a  Leeds  &  Northrup  optical 
pyrometr.  The  steel  entering  the  furnace  was  at  at- 
mospheric temperature.  Analysis  of  the  waste  gases 
in  the  flues  leading  from  the  checker  chambers  to  the 
stack  were  made  with  an  Orsat  apparatus.     Four  ther- 


mo-couples were  installed,  two  at  either  end  of  the  fur- 
nace, with  one  in  each  of  the  flues  leading  from  the  re- 
generative chambers  to  the  stack.  In  this  manner  the 
temperature  of  the  waste  gases  leaving  each  regenera- 
tive chamber  was  determined  and  the  average  of  all 
readings  used  for  calculating  the  stack  loss.  The  tem- 
])erature  of  the  preheated  air  cntermg  and  of  the  waste 
gases  leaving  the  furnace  was  obtained  with  an  optical 
pyrometer  sighted  on  the  brick  walls  of  the  flues  lead- 
ing from  the  regenerative  chambers  to  the  ports,  de- 
terminations being  made  on  the  air  from  each  chamber. 
Readings  were  also  taken  of  the  furnace  temperature 
with  an  optical  pyrometer,  and  atmospheric  tempera- 
ture near  the  furnace  with  a  mercurial  thermometer. 
The  barometric  pressure  was  read  during  each  test  and 
the  specific  gravity  of  the  gas  checked  periodically. 

Readings  of  all  instruments  were  taken  every  ten 
minutes  during  the  test  and  samples  of  waste  gas  were 
analyzed  every  ten  minutes. 

The  regular  operation  of  the  furnace  consisted  of 
a  drawing  and  charging  period  followed  by  a  heating 
period,  which  required  that  the  starting  and  stopping 
point  of  the  test  be  at  the  same  point  in  the  C3xle  in 
order  that  the  gas  supplied  and  the  steel  heated  would 
bear  the  correct  relation  to  each  other. 

Calculation  of  results  :  The  following  methods  were 
employed  in  calculating  the  results  shown  in  the  fol- 
lowing pages : 

The  heat  absorbed  by  the  stcol  was  found  from  the 
weight  of  steel  heated,  the  temperatures  of  the  steel 
entering  and  leaving  the  furnace  and  the  specific  heat 
of  steel  which  for  these  tests  was  taken  as  0.166.  The 
weight  of  steel  was  obtained  from  the  number  and 
weight  of  blooms  entering  the  furnace.  The  heat  sup- 
plied to  the  furnace  was  determined  from  the  heat 
value  of  the  fuel  gas,  as  calculated  from  the  chemical 
analysis  and  the  number  of  cubic  feet  of  gas  burned 
reduced  to  standard  condition  of  2  deg.  F.  and  30  inches 
of  mercury  pressure. 

The  losses  were  calculated  according  to  the  usual 
engineering  practice,  the  loss  to  radiation  being  taken 
as  the  diflference  between  the  heat  supplied  in  the  gas 
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and  the  sum   of  heat  absorbed   by   the   steel   and   all 
losses  except  radiation. 

The  efficiency  of  the  furnace  as  shown  is  the  ratio 
of  the  heat  absorbed  by  the  steel  to  the  heat  delivered 
in  the  gas.  The  efficiency  of  the  regenerator  was  cal- 
culated by  assuming  that  all  the  heat  in  the  gases  en- 
tering the  regenerator  was  available  for  absorption  by 
the  air.  The  difference  between  the  heat  content  of 
the  gases  entering  and  leaving  the  regenerator  was 
assumed  as  the  heat  absorbed  by  the  air.  The  effi- 
ciency shown  is  the  ratio  of  the  heat  al)sorbed  by  the 
air  to  the  sensible  heat  of  gases  entering  the  regen- 
erator. 

From  the  anah'sis  of  the  waste  gases  a  study  was 
made  of  the  infiltration  of  air  at  various  points.  The 
amount  of  excess  air  in  the  waste  erases  leaving'  the  re- 


greater  rate  of  heating  is  accompanied  with  greater  fur- 
nace temperature  and  the  corresponding  greater  heat 
losses.  .      Ill    ; 

Continuous  Recuperative  Furnace. 

A  sketch  of  a  continuous  billet  heating  furnace 
equipped  with  a  recuperator  for  preheating  the  air 
for  combustion  is  shown  in  Fig.  2.  The  billets  enter 
through  a  side  door  in  the  upper  end  of  the  furnace, 
passing  into  the  furnace  on  rollers,  are  pushed  forward 
on  the  skids  of  the  furnace  by  a  set  of  arms  which  oper- 
ate through  the  rear  end  wall  and  are  discharged 
through  a  small  door  in  the  side  wall  at  the  other  end 
of  the  furnace  by  a  pusher  bar  driven  by  pinch  rolls. 
The  discharged  door  is  in  line  with  the  first  pass  of 
the  roughing  rolls,  so  that  the  billet  enters  the  rolls 
before  being  completely  discharged  from  the  furnace. 
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Fig.  2 — Continuous  Recuperative  Heating  Furnace. 


generator  was  first  calculated.  The  air  entering  the 
furnace  through  the  ports  was  calculated  by  a  heat 
balance  of  the  regenerator  assuming  no  radiation.  This 
assumption  is  partially  true  because  the  regenerators 
are  entirely  under  ground  and  are  therefore  very 
thoroughly  insulated.  The  difference  between  the 
amount  of  air  entering  the  ports  and  the  amount  of  air 
used  for  combustion  with  the  excess  as  shown  in  the 
regenerator  gases  is  the  amount  of  air  that  infiltrated 
through  the  doors  and  openings  in  the  furnace. 

Discussion  of  Results:  From  the  tabulated  results 
it  will  be  seen  that  the  efficiencies  varied  from  36  to 
41  per  cent.  It  is  interesting  to  note  that  with  the 
highest  efficiency  the  following  conditions  prevailed : 
the  lowest  rate  of  heating  steel,  the  lowest  gas  con- 
sumption, the  lowest  radiation  and  the  lowest  stack 
loss,  while  the  reverse  conditions  prevailed  on  the  test 
having  the  lowest  efficiency.     It  will  be  seen  that  the 


This  design  is  possible  where  only  one  furnace  sup- 
plies a  mill.  If  two  or  more  furnaces  are  used  the 
billets  usually  fall  from  the  hearth  through  the  end 
of  the  furnace,  upon  the  rollers  of  the  transfer  table. 
This  design  necessitates  having  an  o])ening  in  the 
end  of  the  furnace  extending  the  full  width.  'J'he  open- 
ing is  partially  closed  by  swinging  doors,  bars  or  pipes, 
but  allows  a  large  amount  of  cold  air  to  pass  into  the 
comlrstion  chamber  at  the  point  whtie  t!ie  l^iliets 
are  being  heated  to  their  highest  tempearture. 

The  roof  consists  of  four  arches  thrown  in  the  direc- 
tion of  travel  of  the  steel.  The  skewbacks  for  these 
arches  are  supported  by  a  water-cooled  system  of  pipes 
'  hung  by  straps  from  steel  beams  which  rest  on  the  side 
walls  of  the  furnace.  The  side  walls  extend  three  feet 
above  the  arch.  Steel  trays  filled  with  sand  are  placed 
over  the  beams   forming  an   air   space  over  the  roof. 

Water-cooled  skids  are  used  to  bridge  the  opening 
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Fig.  3 — Recuperator  for  continuous  Heating  Furnace. 


into  the  recuperator  chamber,  but  no  water-cooling 
occurs  beyond  the  point  where  the  fire  brick  floor  of 
the  furnace  commences. 

Cast  iron  skids  support  the  billets  to  within  3  feet 
of  the  discharge  door  where  a  magnesite  brick  bottom, 
built  flush  with  the  tops  of  the  skids  covers  the  floor 
of  the  hearth.  The  cast  iron  skids  without  water- 
cooling  give  excellent  service. 

Fifteen  burners  are  provided  across  the  end  of  the 
furnace.  The  burner  consists  of  a  cast  iron  return  bend 
having  a  small  gas  pipe  concentrically  located  in  the 
upper  leg.  while  the  air  for  combustion  is  supplied 
through  the  lower  leg  which  is  provided  with  a  butter- 
fly regulating  valve.  Mixing  of  air  and  gas  takes  place 
beyond  the  nose  of  the  gas  pipe,  the  flame  entering 
the  combustion  chamber  through  the  ports  of  the  fur- 
nace. 

The  recuperator  for  preheating  the  air  used  for  com- 
bustion is  shown  in  Fig.  3.  It  consists  of  vertical  cast 
iron  pipes  supported  by  plates  with  additional  baffling 
plates.  The  products  of  combustion  pass  downward 
through  the  pipes  to  a  flue  leading  to  the  stack.  The  air 
used  for  combustion  is  partially  heated  by  being  drawn 
through  the  space  between  the  roof  of  the  furnace  and 
the  sand  trays  supported  on  the  cross  beams  by  a  fan, 
which  discharges  through  a  flue  into  the  recuperator 
chamber.  The  air  passes  upward  on  the  outside  of  the 
cast  iron  pipes,  receiving  heat  through  the  walls  of  the 
pipes.  Leaving  recuperator,  the  air  passes  under  the 
floor  of  the  furnace  through  ducts  to  the  opposite  end, 
where  it  enters  the  bottom  leg  of  the  cast  iron  burners. 
The  furnace  is  used  for  heating  from  lj4  to  2j/2-inch 
square  billets. 

A  second  continuous  billet  heating  furnace  is  shown 
in  Fig.  4.  This  furnace  has  a  flat  roof  which  eliminates 
the  water-cooling  used  on  the  skewbacks  for  the  arched 
roof.  It  is  also  equipped  with  a  brick  recuperator.  The 
downward  passageways  are  square  brick  flues,  while 
the  air  for  combustion  is  baffled,  in  the  manner  shown, 
to  make  seven  passes  across  the  heated  brick  walls. 

The  brick  recuperator  has  received  a  great  deal  of 
attention  abroad  and  a  number  of  special  form  tiles 
have  been  developed  with  which  the  recuperator  is 
constructed.  In  one  type,  the  recuperator  chamber 
is  located  below  the  furnace.     The  air  for  combustion 


passes  upward,  by  natural  draft,  through  vertical  rec- 
tangular flues,  while  the  waste  gases  entering  at  the 
top  travel  through  horizontal  flues  and  make  two 
passes  across  the  outside  of  the  air-carrying  tile.  Great 
care  has  been  used  to  prevent  leakage  from  the  air 
passageways  into  the  waste  gas  flues  and  the  tile  has 
been  designed  as  thin  as  is  consistent  with  the  neces- 
sary strength. 

Efficiency  Tests  of  Continuous  Recuperative 

Furnaces. 

Method  of  Testing  and  Calculating:  Tests  were 
conducted  on  the  two  continuous  recuperative  furnaces 
just  described  in  a  manner  similar  to  those  conducted 
on  the  non-continuous  regenerative  furnaces  with  only 
the  necessary  changes  due  to  dift'erence  in  construction. 
The  amount  of  cooling-water  used  was  measured  and 
the  inlet  and  outlet  temperatures  noted.  The  calcula- 
tions followed  along  the  same  lines  as  those  described 
for  the  regenerative  furnace. 

General  Discussion  of  Results :  The  continuous  re- 
cuperative fiirnaces  are  more  efficient  than  the  regen- 
erative furnaces  as  shown  below: 


EFFICIENCY  OBTAINED 


No. 
Furnace 

2  MiU 

.".  Mill 

I!  MiU 


No.  1 
Ruu 
112 
38 
47 


No.  2 
Run 

63 

41 

57 


No.  3 
Run 

58 

37 

53 


Type  of  Furn.ice 
Continuous  Recuperative 
Non-rontinuous  ICejreiierative 
Continuous    Recupenitive 


This  higher  efficiencj'  is  due  to  the  method  of  opera- 
tion of  the  continuous  furnace ;  namely,  the  cold  steel 
enters  the  furnace  at  one  end  and  progresses  slowly 
toward  the  other  end,  at  which  time  it  has  become  hoi 
enough  to  roll. 

The  gases  traveling  in  the  opposite  direction — from 
the  hot  to  the  cold  end — are  cooled  by  the  steel  and 
therefore  leave  the  furnace  chamber  at  a  much  lower 
temperature  than  the  gases  of  the  regenerative  furnace. 
In  the  latter  furnace  all  parts  of  the  hearth  are  main- 
tained at  the  same  temperature. 

TE.MPER.VTrUES  OF  GAS3-;S   LEAVING   FURN.VCE  CHA.MHKR 

2001  (leg.  F. 

1192  dog.  F. 

The  principal  heat  losses  of  heating  furnaces  are  the 
stack  losses  and  radiation.  The  following  table  taken 
from  the  heat  balances  secured  during  the  tests  shows 


Non -Continuous    Regenerative 
Continuous    Recuperative    
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the  relative  proportions  of  these  losses  and  of  the  heat 
absorbed  by  the  steel.  For  the  amounts  of  heat  in 
Btu.  refer  to  Table  A,  giving  data  and  results  of 
tests : 

HEAT  BALANCE  IN  PER  CENT 


2  Continuous    ret-ii 

2  C'ontiniious    r*^cii 

2  Continuous    recu 

5  Xon-Oontinuous 

o  Xon-('oiitinuous 

5  Non-Coutinuous 

6  Continuous  recu 
6  Continuous  rocu 
6  Continuous   recu 


This  table  clearly  shows  the  reason  why  the  use  ol 
regenerative  furnaces  should  be  limited  to  only  those 
places  where  it  is  impossible  to  apply  the  continuous 
recuperative  furnace,  for  less  than  half  of  the  heat  in 
the  gas  enters  the  steel  in  the  non-continuous  regenera- 
tive type.  The  regenerative  furnace  does  not  lend 
itself  to  insulation  to  prevent  radiation,  because  the 
temperature  over  the  entire  chamber  is  the  same  and 
usually  so  intense  that  if  insulation  were  applied  the 
limit  of  the  refractories  would  be  reached  and  the  fur- 
nace destroyed.  The  continuous  recuperative  furnace, 
on  the  other  hand,  does  lend  itself  to  insulation  to  pre- 
vent radiation,  because  this  furnace  is  comparatively 
cool  and  most  of  the  radiating  areas  can  be  insulated. 

The   two  continuous  furnaces  tested  had  different 
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recuperators  as  before  mentioned.    The  following  table 
gives  the  losses  in  air  pressure  through  the  two  types : 

DROP  IN  AIR  PRESSURE  THROUGH  RECUPEKATORS, 

IN   INCHES  OF  WATER 

Fui-uace  No.     Type  of  Recuperator     Run  No.  1     Run  No.  2     Run.  No.  3 

2  Brick    2.U  2.40  1.55 

0  Oast    Iron l.ls  1.38  1.41 

The  greater  drop  in  air  pressure  through  the  brick 
recuperator  is  due  mainly  to  the  sharp  turns  around 
the  ends  of  the  baffles  placed  in  the  recuperator.  The 
cast  iron  recuperator  also  has  a  distinct  advantage  over 
the  brick  recuperator  in  that  its  passages  can  be  made 
of  such  shape  and  with  surfaces  smooth  enough  that 
the  drop  in  air  pressure  through  it  will  be  less  than 
can  be  secured  in  brick  recuperators,  where  the  pass- 
ages in  most  cases  must  be  made  of  rectangular  cross 
section  and  have  rough  surfaces.  Cast  iron  is  also 
much  better  for  conducting  heat  than  fire  brick. 

In  both  series  of  tests  on  continuous  recuperative 
furnaces  the  efficiencies  were  highest  when  the  largest 
size  billets  were  handled.  The  following  table  gives 
the  size  of  billets,  radiation  loss  and  efficiency  for  the 
series  of  tests  on  the  two  recuperative  furnaces  : 


Furnace  No. 


Test  No. 
1 


Billet  Size  in  Inches 

314x314 
3%  X  3H  and  2i^  x  2i/> 
2%  X  2V4 
2      X  "^ 
2%x2% 
%x2% 


Per  cent 

Per  cent 

Radiation 

Effi- 

Loss 

ciency 

16.48 

62.18 

14..'>i 

63.07 

20.84 

5S.29 

20.74 

47.30 

13.18 

57.41 

16.0G 

52.52 

It  will  be  noted  that  the  series  on  the  smallest  size 
billets  had  the  largest  radiation  loss.  This  may  be  due 
to  improper  operation  or  design.    When  operating  with 


Fig.  4 — Continuous  Heating 
Furnace  with  brick  recuperator. 
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the  smaller  size,  the  billets  heat  more  quickly  and  are 
at  rolling'  temperature  before  arriving  at  the  discharg- 
ing end.  This  causes  a  higher  average  temperature  of 
steel,  roof  and  side  walls  inside  of  the  furnace,  causing 
the  greater  radiation  loss. 

Conclusions  and  Recommendations:  The  data  here 
shown  was  obtained,  as  mentioned  liefore,  on  furnaces 
using  by-product  coke  oven  gas  as  fuel,  but  the  follow- 
ing recommendations  for  future  development  will  ap- 
ply in  the  main  to  furnaces  using  any  kind  of  fuel. 

From  the  results  shown  in  these  tests,  the  develop- 
ment of  healing  furnaces  should  be  along  the  lines  of 
continuous  recuperative  furnaces  unless  some  special 
reason  makes  it  necessary  to  use  another  type.  As  has 
been  shown  the  recommended  type  is  superior  to  other 
types,  as  it  is  now  built,  and  can  be  made  even  more 
efficient  by  development. 

The  furnace  consists  of  a  number  of  individual  units, 
that  is,  roof,  hearth,  skids,  burners,  pusher,  roof  recu- 
perator, main  recuperator,  discharge  and  charging  me- 
chanisms, meters  and  regulators,  insulation  and  water- 
cooled  devices.  These  will  be  taken  up  independently 
and  recommendations  tabulated. 

A.  Roof.  The  roof  should  be  placed  at  sucli  a 
height  above  the  steel  that  the  gases  may  wipe  both 
surfaces  and  yet  not  cause  too  much  resistance  to  their 
flow.  A  flat  roof  eliminates  the  necessity  of  water- 
cooling  the  arch  supports.  Some  method  of  corrugation 
may  be  advisable  to  increase  the  surface  for  absorbing 
heat  from  the  products  of  combustion.  This  would 
make  available  more  heat  for  radiation  from  roof  to 
steel  and  increase  the  rate  of  heat  transfer. 

B.  Hearth.  The  hearth  of  the  continuous  furnace 
should  be  sloped  from  the  charging  end  to  the  dis- 
charging end,  care  being  exercised  that  the  slope  is 
not  too  great.  This  applies  especially  to  long  furnaces 
which  are  to  handle  large  billets.  The  use  of  a  basic 
lining  for  reversing  furnaces  would  give  a  supply  of 
basic  cinder.  This  can  be  used  in  open-hearth  furnaces 
to  replace  lump  ore,  and  therefore  deserves  careful  con- 
sideration. 

C.  Skids.  Solid  cast  iron  skids  should  be  installed 
on  the  floor  of  the  furnace,  to  eliminate  the  heat  lost 
in  cooling-water  and  to  simplify  construction. 

D.  Burners.  A  series  of  burners  should  be  in- 
stalled across  the  width  of  the  furnace  in  order  to  se- 
cure a  uniform  temperature.  The  burners  should  be 
equipped  with  valves  for  the  independent  control  of 
both  fuel  gas  and  air  for  combustion. 

E.  Regulators  and  Meters.  Each  furnace  should 
be  equipped  with  some  means  whereby  the  gas  and  air 
pressures  on  the  burners  may  be  automatically  main- 
tained constant.  Each  furnace  should  be  equipped 
with  an  integrating  and  recording  device  which  will  ac- 
curately measure  Ihc  amount  of  gas  delivered  to  the 
furnace. 

F.  Pusher.  A  pusher  for  advancing  the  steel  along 
the  skids  of  the  furnace  should  be  provided  which  will 
give  a  uniform  motion  that  can  be  regulated  very  close- 
\y,  both  in  regard  to  distance  and  speed.  This  mechan- 
ism may  be  actuated  by  either  a  hydraulic  cylinder  or  a 
reversing  motor. 

G.  Roof  Recuperator.  The  use  of  a  roof  recuper- 
ator should  be  limited  to  that  section  of  the  roof  in 
which  the  refractory  property  of  the  brick  will  not 
permit  it  to  be  insulated. 

H.     Discharging  and   Charging  Mechanism.     The 


side  discharge  which  was  explained  in  the  description 
of  the  continuous  furnace  is  superior  to  the  dropping 
end  discharge  from  a  fuel  standpoint.  It  eliminates 
the  loss  of  heat  due  to  the  exposure  of  a  poorly  insu- 
lated surface  to  radiation  from  the  hottest  zone  of  the 
furnace,  as  it  is  impossible  to  properly  insulate  the 
swinging  door  on  account  of  its  construction  and  the 
abuse  it  receives.  The  side  discharge  admits  less  cold 
air  to  the  furnace  chamber  and  a  side  charging  mech- 
anism prevents  to  a  large  extent  the  leakage  of  air  into 
the  furnace. 

I.  Main  Recuperator.  The  use  of  metal  in  recu- 
perator construction  has  certain  advantages  over  brick. 
It  has  a  greater  heat  transfer  rate  and  is  not  as  sus- 
ceptible to  cracking  with  the  consequent  air  leakage. 
The  possibility  of  a  design  with  the  use  of  pipes  or 
tubes  similar  to  water  tube  boilers  looks  very  attrac- 
tive. 

The  recuperator  should  be  constructed  so  that  it 
offers  the  least  resistance  to  the  flow  of  air  and  gas 
consistent  with  good  heat  transfer.  The  gas  and  air 
passages  should  be  designed  so  as  to  give  as  nearly 
uniform  velocities  at  all  points  as  is  possible.  That  is, 
the  variations  in  the  volume  of  gas  and  air  due  to  their 
varying  temperature  should  be  considered.  It  may 
be  advisable  to  have  the  air  flow  through  three  banks 
of  tubes  in  series  with  the  waste  gases  passing  over 
the  outside.  The  tubes  should  be  staggered  to  give 
the  maximum  heat  interchange. 

The  recuperator  should  be  located  in  such  a  position 
that  it  would  be  easily  accessible  for  inspection  and 
repair.  Placing  the  recuperator  above  the  furnace 
instead  of  under  ground  should  be  very  carefully  con- 
sidered. A  better  distribution  of  the  waste  gases  both 
through  the  furnace  and  in  the  recuperator  would  be 
possible  than  is  the  case  where  the  entrance  to  the  re- 
cuperator is  directly  below  the  steel  to  be  heated,  since 
the  gases  must  pass  over  the  ends  of  the  billets.  Ad- 
ditional insulation  would  be  required  but  no  drainage 
water  could  collect  in  the  bottom  of  the  chamber  or 
flues. 

J.  Insulation.  Insulation  should  be  used  to  pre- 
Aent  radiation  as  far  as  is  possible  without  reaching 
the  refractory  limit  of  the  fire  brick  and  yet  remain 
under  the  point  where  first  cost  would  overbalance 
economy. 

K.  Water-Cooled  Devices.  Water-cooled  parts 
should  be  avoided  wherever  possible,  because  they  are 
hard  to  keep  in  repair,  dissipate  an  appreciable  amount 
of  the  total  heal  of  the  gas,  and  their  elimination  re- 
duces the  cost  of  siippl)'ing  the  cooling  water. 

L.  Waste  Heat  Boilers.  Several  installations  of 
waste  heat  boilers  have  been  made  in  connection  with 
heating  furnaces.  However,  the  development  of  the 
recuperator  holds  such  possibilities  that  furnace  effi- 
ciencies comparable  to  good  boiler  practice  should  be 
obtained.  Future  development,  however,  may  show 
that  in  some  cases  of  non-continuous  regenerative  fur- 
naces the  waste  heat  boiler  may  have  a  field. 

It  will  be  observed  that  heating  furnaces  have  been 
brought  to  a  fair  degree  of  development.  The  effi- 
cienccs  obtained  are  not  comparable  to  those  of  tlie 
best  heat  interchanging  appliances,  such  as  boilers  and 
blast  furnace  hot  blast  stoves.  With  the  rapidly  in- 
creasing cost  of  fuel  in  this  country,  it  becomes  very 
important  that  all  heat  using  appliances  be  made  as 
efficient  as  possible,  and  concerted  effort  along  ttie 
lines  of  recuperative  furnaces  should  be  productive. 
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Fluorspar  and  Its   Uses' 

A  Description  of  the  Mineral — Deposits  in  the  United  States  and 
Foreign  Countries — Its  Uses  In  and  Outside  of  the  Steel  Industry 
— Geological  Features,  Mining  Methods  and  Equipment — Milling, 

By  G.  H.  JONESt 


FLUORSPAR,  a  comparatively  unknown  non-me- 
tallic mineral  of  moderate  cost,  widely  distributed 
geologically,  but  of  commercial  value  only  in  a 
few  places  in  the  world,  is  of  essential  and  economic 
importance  to  steel  makers  from  the  fact  that  80  to  85 
per  cent  of  the  world's  production  is  used  in  basic 
open-hearth  and  electric  furnaces  as  a  flux  and  deter- 
gent, and  there  is  no  known  substitute. 

Fluorite,  as  it  is  technically  known  and  chemically 
as  calcium  fluoride  (CaF„),  consists  of  calcium  and 
fluorine  in  the  proportions  of  51.1  and  48.9  respectively. 
It  is  of  a  glassy  luster  and  is  only  slightly  harder  than 
calcite  and  may  be  scratched  with  a  knife.  It  crushes 
easily  and  may  be  distinguished  from  calcite  by  its 
failure  to  effervesce  with  dilute  hydrochloric  acid.  It 
crystallizes  in  the  isometric  system  and  is  often  found 
in  cubical  crystals.  Its  specific  gravity  is  3.2  and  it 
weighs  approximately  200  pounds  per  cubic  foot.  Its 
cleavage  is  perfect.  Its  melting  point  is  about  1,650 
deg.  F.  In  color  fluorspar  ranges,  according  to  purity, 
from  a  clear  colorless  to  a  slightly  bluish  glass-like 
substance  through  various  brilliant  shades,  and  much 
of  it  is  quite  opaque.  The  color  has  little  significance 
chemically. 

The  deposits  thus  far  exploited  in  the  United  States 
are  in  Arizona,  Colorado.  Illinois,  Kentuck3S  New 
Hampshire,  New  Mexico,  Tennessee  and  Utah.  De- 
pendable domestic  production  based  upon  existing 
market  conditions  can  only  be  obtained  by  users  east 
of  the  Missouri  River,  from  the  Illinois-Kentucky  dis- 
tricts, the  great  size  and  purity  of  which  indicate  that 
for  many  years  they  will  continue  to  be  the  main  source 
of  our  supply.  The  tonnage  may  be  divided  between 
Illinois  and  Kentucky  as  70  is  to  30. 

In  England  fluorspar  occurs  abundantly  in  the  car- 
boniferous limestone  and  associated  shale  of  the  Yore- 
dale  group,  where  it  is  found  as  the  gangue  of  metal- 
liferous veins.  It  is  usually  but  not  invariably  associat- 
ed with  calcite.  quartz  and  barytes.  The  principle  pro- 
ducing localities  are  in  Durham  and  Derbyshire.  A 
large  proportion  of  the  fluorspar  produced  in  England 
has  been  obtained  by  screenings  from  waste  dumps 
from  old  lead  mines.  But  in  the  last  few  years  the  de- 
mand has  called  for  a  greater  production.  Other 
sources,  including  mining,  are  helping  to  furnish  an 
adequate  domestic  supply  and  some  tonnage  for  export. 

In  Canada  there  are  known  deposits  in  Ontario,  but 
they  are  negligible  from  a  commercial  standpoint  and 
worthy  only  of  passing  notice.  Some  fluorspar  is 
mined  near  Trail  in  British  Columbia,  but  now  finds  a 
possible  market  among  steel  makers  only  on  the  Paci- 
fic Coast. 


*Paper   read   before   the   ,^nlericall    Iron   and    Steel    Institute, 
at  New  York.  October  27,  1922. 

tPresident,  Hillside  Fluor  Spar  Mines,  Chicag-Q,  III. 


Germany  has  been  an  exporter  for  some  years  of 
high  grade  ground  fluorspar,  and  is  now  prepared  to 
furnish  gravel  for  steel  making  from  several  mines, 
which  have  been  opened  under  the  stimulus  of  in- 
creased domestic  demand  and  the  possibility  of  export- 
ing to  the  United  States  and  other  countries. 

In  Mexico,  flourspar  has  been  found  in  inany  places 
but  has  been  mined  commercially  in  only  one,  a  large 
deposit  located  near  Guadalcazar,  in  San  Luis  Potosi. 
Other  deposits  promise  to  become  profitable,  and  one 
of  green  fluorite,  in  Zacatecas,  has  been  worked  to  a 
small  extent. 

In  the  United  States  buyers  of  fluorspar  in  Colo- 
rado, Utah  and  the  Pacific  Coast  will  continue  to 
secure  their  supply  from  the  western  and  foreign  pro- 
ducers, as  the  rates  of  freight  from  the  Illinois-Ken- 
tucky fields  are  too  high  for  successful  competition. 

Fluorspar,  formerly  largely  a  waste  product  of  tlie 
gangue  of  lead  mines  and  in  a  smaller  amount  of  other 
metal  mines,  was  used  in  smeltnig  as  long  ago  as  1529 
(Agricola),  and  according  to  H.  Foster  Bain,  fluorspar 
was  first  discovered  in  place  in  Illinois  in  1839,  when 
it  was  encountered  in  galena  in  sinking  a  well  on  the 
farm  now  the  property  of  the  Fairview  Company.  In 
1842  spar  was  discovered  in  galena  near  the  site  of  the 
present  Rosiclare  mine.  From  that  time  on  mining 
appears  to  have  been  carried  on  more  or  less  continu- 
ously, but  shipments  did  not  begin  until  the  early  sev- 
enties and  since  1880  have  been  regularly  reported.  In 
1891  only  one  or  two  mines  were  actually  making  ship- 
ments. The  production  of  washed  gravel  spar  com- 
menced in  the  spring  of  1894,  although  the  demand  for 
it  by  steel  companies  at  that  time  was  small.  A  liinited 
tonnage  of  lump  spar  was  produced  and  shipped  four 
or  five  years  earlier. 

Its  consumption  runs  evenly  with  the  production  of 
basic  open-hearth  steel  ingots,  and  its  production  in- 
creases or  decreases  as  the  steel  business  is  good  or  bad. 

The  demand  for  steel  making  is  for  a  washed  gravel, 
sized  ^4-inch  and  under,  of  85  per  cent  and  over  in 
calcium  fluoride  and  not  to  exceed  5  per  cent  in  silica, 
and  free  from  sulphides,  lead  and  zinc,  the  shipper 
being  penalized  according  to  an  agreed  percentage, 
varving  with  different  buyers,  for  a  lower  calcium 
fluoride  or  a  higher  silica  content  than  the  percentages 
here  given. 

A  properly  equipped  mine  has  its  own  laboratory 
and  watches  the  analyses  as  they  are  made  from  the 
mill  feed,  mill  run  and  car  loading,  and  is  therefore 
in  a  position  to  guarantee  the  user  the  analysis  speci- 
fied. 

This  brings  to  my  mind  the  necessity  for  buyers  to 
adopt  standard  specifications  for  fluorspar  and  I  sug- 
gest that  this  be  taken  up  with  the  American  Society 
for  Testing  Materials  in  order  to  determine  what  anal- 
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ysis  is  best  for  stcci  makers  and  other  users,  presenting 
penalties  for  inferior  quality,  and  a  bonus  for  superior 
ones,  as  in  the  case  of  iron  ore,  bearing  in  mind  that  the 
analysis  specified  should  be  fair  and  reasonable  and 
not  increase  the  cost  to  the  seller,  or  make  it  so  diffi- 
cult to  produce  as  to  lessen  the  supply. 

The  opeu-hcarth  mclter  would  then  know  exactly 
what  he  had  to  work  with.  It  is  a  common  assumption 
that  the  melter  throws  in  so  much  spar  whether  hign 
or  low  in  calcium  fluoride  or  silica,  but  that  is  not  the 
case  as  he  uses  only  enough  to  bring  about  the  reaction 
required,  and  in  that  way  readily  determines  the  gr.nde 
employed.  There  should  be  no  excuse  for  paying  for, 
and  paying  freight  on  unnecessary  impurities,  and  the 
value  of  fluorspar  to  the  steel  maker  should  be  based 
upon  the  amount  of  calcium  fluoride  and  the  lack  ot 
silica  at  consumers'  bins. 

Calcite  which  practically  represents  the  diiTerencc 
between  calcium  fluoride  and  silica  and  100  per  cent  is 
lime,  and  therefore  not  injurious,  but  of  some  value  in 
the  furnace.  ' 

The  modern  fluorspar  concentrating  mills  eliminate 
all  impurities  objectionable  to  the  users  such  as  lead, 
zinc  and  barium  sulphides,  and  these  impurities  have 
only  to  be  considered  when  buying  foreign  fluorspar, 
or  that  shipped  from  mines  having  no  separating  equip- 
ment. 

From  the  heads  of  the  operating  departments  of  a 
large  steel  company,  1  have  been  given  the  following 
information : 

The  elimination  of  phosphorus  and  sulphur  depends 
almost  entirely  upon  the  limestone,  so  in  order  to  take 
care  of  the  phosphorus  and  sulphur  it  is  necessary  at 
all  times  to  have  a  highly  basic  fluid  slag.  Phosphorus 
is  reduced  at  a  low  temperature  while  sulphur  is  re- 
duced at  a  high  temperature.  In  fact,  most  of  the  sul- 
phur is  reduced  after  the  heat  has  been  melted  and  the 
slag  made  fluid  and  the  bath  raised  to  higher  tempera- 
ture. 

The  limestone  slag,  immediately  after  the  heat  is 
melted,  lies  like  a  blanket  upon  the  bath  and  to  insure 
proper  oxidizing  conditions  it  is  necessary  to  thin  up 
the  slag,  and  render  it  more  fluid  so  that  the  metallic 
contents  of  the  bath  will  come  into  more  intimate  con- 
tact with  the  oxidizing  slag.  It  is  the  universal  prac- 
tice in  this  country  to  use  fluorspar  for  this  purpose. 
Fluorspar  acts  as  a  neutral  reagent  and  does  not  afTect 
the  basicity  of  the  slag.  The  increased  fluidity  not 
only  allows  for  quicker  elimination  of  impurities  in  the 
metal  but  allows  the  transference  of  heat  from  the 
fuel  to  the  bath  of  metal  in  much  quicker  time. 

Twenty  years  or  more  ago  it  was  the  general  prac- 
tice in  most  of  the  steel  plants  of  this  country  to  add 
fluorspar  just  before  the  furnace  was  ready  for  tapping. 
During  later  years,  however,  it  has  become  the  more 
general  practice  to  add  the  fluorspar  in  the  early 
stages  of  the  working  of  the  heat,  not  only  to  allow 
the  slag  time  enough  to  function  properly  with  regard 
to  impurities  in  the  metal,  but  to  eliminate  suljjhur  at 
higher  temperature  and  to  allow  the  furnaceman  more 
opportunity  to  quickly  raise  the  temperature  of  the 
bath  in  case  it  is  necessary  to  tap  the  heat  a  little  early. 

In  some  steel  making  districts,  particularly  in  the 
east,  pig  iron  is  apt  to  be  high  in  phosphorus  and  low 
in  manganese  and  it  is  the  general  practice  where  scrap 
is  plentiful  and  cheap,  to  charge  as  little  pig  as  possi- 
ble. Iron  of  this  character  requires  a  high  lime  charge, 
due  to  the  fact  that  the  small  pig  iron  charge  with 


consequent  decreased  amount  of  silicon  and  manganese 
does  not  tend  to  create  a  fluid  slag;  therefore,  large 
additions  of  fluorspar  are  necessary.  High  manganese 
])ig  iron  increases  the  fluidity  of  the  slag  and,  therefore, 
decreases  the  amount  of  fluorspar  necessary  for  thin- 
ning out  the  slag.  A  low  silica  content  in  fluorspar  is 
most  desirable  as  a  high  silica  content  means  additional 
limestone.  The  latter  item  is  not  desirable  from  a  ton- 
nage standpoint  because  a  high  limestone  charge  adds 
to  the  time  of  heat  in  the  furnace  with  the  subsequent 
reduction  of  tonnage. 

The  general  practice  in  this  country  would  indicate 
the  average  consumption  of  from  eight  to  10  pounds  of 
fluors])ar  per  ton  of  steel.  This  depends  upon  the  char- 
acter of  pig  iron,  scrap,  etc.,  used  in  the  various  dis- 
tricts. The  use  of  alumina  as  a  substitute  for  fluorspar 
is  being  advocated  in  some  quarters  but  to  date  has  not 
been  proved  up  commercially. 

No  bad  eilfects  of  the  spar  on  the  walls  or  roof  of 
the  open-hearth  furnace  have  been  known  and  it  has 
been  found  as  time  goes  on  that  open-hearth  superin- 
tendents are  increasing  the  amount  of  flourspar  used 
per  ton  of  steel  melted. 

Mr.  H.  M.  Howe  in  "The  Metallurgy  of  Steel" 
(1890)  in  summing  up  fluorspar  says  it  appears  to 
fa\or  (k'phos[)horization  : 

1.  By  liquifying  the  slag  and  enabling  it  to  as- 
similate the  lime  present,  part  of  which  might  other- 
wise remain  unmolten  and  inert  and  thus  rendering 
the  slag  effectively  basic  to  it. 

2.  Probably  by  volatilizing  silicon  from  the  metal 
thus  diminishing  the  formation  of  silica  and  thereby 
increasing  the  basicity  of  the  slag. 

3.  In  certain  cases,  for  example,  when  the  condi- 
tions are  not  strongly  oxidizing,  by  volatilizing  phos- 
phorus as  fluoride. 

Dr.  Richard  Moldenke  at  the  New  York  Institute 
meeting,  February  19,  1922,  claimed  that  basic  hearth 
electric  furnaces  should  be  used  in  every  new  installa- 
tion. To  desulphurize  rapidly  and  well,  lime  and  fluor- 
spar must  be  used  in  combination  to  form  an  active 
slag  on  the  molten  metal. 

The  Iron  Age,  April  6,  1922,  under  the  heading  of 
"Fluorspar  in  the  Open-Hearth"  reviews  editorially  an 
article  from  a  German  source  previously  printed  in  The 
Iron  Age  of  March  23,  1922  to  which  I  refer  you,  as 
follows : 

"New  light  is  thrown  on  the  chemistry  of  basic 
open-hearth  practice  by  an  article  from  a  German 
source  in  The  Iron  Age  of  March  23  on  'Fluorspar  in 
Open-Hearth  Practice.'  It  is  important  to  American 
steel  makers  in  view  of  the  large  tonnage  of  basic 
open-hearth  steel  made  in  this  country.  Fluorspar  is 
used  in  almost  every  heat  of  such  steel,  but  the  com- 
mon thinking  as  to  its  function  has  not  gone  beyond 
the  thinning  of  the  slag  and  the  cutting  of  the  lime. 

"The  German  studies  show  that  fluorspar  does  more 
than  this.  It  is  an  effective  agent,  when  projicrly  used, 
in  removing  sulphur  from  the  steel.  Comparing  nine 
heats  without  fluorspar  and  nine  in  which  it  was  used, 
the  writer  shows  that  in  the  first  set,  with  all  other 
conditions  the  same,  the  average  sulphur  content  of  the 
finished  steel  was  0.08  per  cent  and  in  the  second  set 
sulphur  was  down  to  0.05  per  cent.  The  author  con- 
troverts the  theory  that  the  desulphurization,  when 
fluorspar  is  used,  is  brought  about  by  the  slag  being 
thus  rendered  more  basic,  and  he  shows  by  actual  re- 


November,  1922 


TUBlasfF, 


„^s> 


iimace. 


SU  Planf 


565 


suits  that  the  ratio  of  the  oxygen  of  the  bases  to 
that  of  the  acids  was  1.7  without  fluorspar  and  1.30 
when  fluorspar  was  used,  there  being  in  the  latter  case 
a  marked  decrease  in  sulphur  in  the  steel.  The  pres- 
ence of  too  much  sulphur  in  basic  steel  has  been  a  mat- 
ter of  no  small  concern  in  this  cotmtry,  it  being  more 
difficult  to  remove  this  element  than  to  remove  phos- 
phorus in  basic  practice." 

Outside  of  the  steel  industry  many  uses,  and  grow- 
ing ones,  are  found  for  fluorspar.  The  glass,  ceramic 
and  enameling  trades,  including  enameled  tile  and 
brick,  are  the  next  largest  users,  and  use  the  highest 
grade  hand  picked  and  ground  spar.  Then  come  per- 
haps the  electrolytical  smelting  of  lead  and  antimony 
and  other  non-ferrous  and  ferrous  smelters.  It  is  also 
commencing  to  regain  the  standing  it  once  had  among 
foundries,  the  demand  from  which  is  expected  to  stead- 
ily increase,  as  the  benefits  derived  include  the  reduc- 
tion of  the  coke  necessary  on  account  of  the  reduction 
of  the  number  of  pounds  of  fluxing  material  used. 
Cleaner  castings  are  obtained  on  account  of  more  fluid 
metal  and  greater  freedom  from  slag,  and  stronger 
castings  for  the  same  reason.  Less  iron  is  lost  in  tTie 
slag  and  the  slag  is  more  liquid.  Less  work  is  reqtiired 
in  cleaning  and  repairing  the  cupola  and  taking  care 
of  the  dump,  by  reason  of  the  liquid  slag  causing  the 
cupola  to  clean  itself  more  readily,  and  because  this 
class  of  slag  is  brittle  and  hence  breaks  up  more  readily 
in  cleaning  away  the  dump. 

Fluorspar  is  also  the  main  component  part  of  many 
special  foundry  fluxes.  It  is  used  in  the  manufacture 
of  carbide;  in  the  preparation  of  a  cyanide  for  the  ex- 
traction of  gold  ;  in  the  mixing  of  certain  cement  water- 
proofing compounds ;  in  a  limited  way  by  some  Port- 
land cement  manufacturers ;  by  chemical  works  in  the 
manufacture  of  hydrofluoric  acid,  and  sodium  fluoride, 
practically  chemically  pure  spar  being  specified.  Also 
in  the  extraction  of  aluminum  from  bauxite. 

A  word  about  sodium  fluoride  for  preserving  wood. 
Mr.  George  j\I.  Hunt  in  charge  of  section  of  Wood 
Preservative  Forest  Products  Laboratory  of  the 
L^nited  States  Government  writes:  "The  desirability  of 
sodium  fluoride  as  a  wood  preservative  is  practically 
established.  One  large  coal  mining  company  has  been 
using  sodium  fluoride  since  1915  for  the  treatment  of 
its  mine  timbers  in  preference  to  either  coal  tar,  creo- 
sote or  zinc  chloride. 

The  present  consumption  of  zinc  chloride  for  wood 
preservation  is  about  25,000  tons  per  year,  and  the  use 
of  creosote  is  somewhat  in  excess  of  this. 

Sodium  fluoride  can  be  used  in  the  same  manner 
with  the  same  apparatus  and  for  the  same  wood 
preserving  purposes  as  zinc  chloride.  Sodium  fluoride 
is  twice  as  toxic  as  zinc  chloride,  is  much  less  corrosive, 
does  not  injure  paint,  can  be  shipped  as  a  dry  powder 
in  slack  cooperage,  and  if  it  were  in  adequate  supply 
at  a  reasonable  price  could  eventually  largely  super- 
sede zinc  chloride,  and  probably  creosote  to  a  great 
extent. 

Wood  treated  with  sodium  fluoride  is  non-inflam- 
mable, hard  to  ignite,  burning  poorly,  and  easily  ex- 
tinguished. This  is  practically  the  same  as  with  zinc 
chloride,  whereas  creosote  burns  freely  with  a  black 
smoke. 

Several  European  countries  and  especially  Austria, 
are  making  extensive  use  of  sodium  fluoride  in  preser- 
vation of  all  kinds  of  wood  work,  such  as  warehouses. 


dwellings  and  other  building  construction.  It  is  also 
used  more  or  less  as  an  insecticide. 

Mr.  Benedict  Crowell  in  the  Engineering  and  Min- 
ing Journal,  January  21,  1922,  made  the  statement 
which  follows :  It  is  not  generally  realized  that  ttie 
known  fluorspar  deposits  of  this  country  are  very  lim- 
ited in  extent.  War  stimulation  failed  to  develop  a 
single  new  ore  body  of  consequence,  that  I  know  of. 
The  increased  supply  in  1917  and  1918  came  from  the 
exhaustion  of  reserves  at  the  principal  mines,  depletion 
of  all  old  and  newly  located  shallow  deposits,  working 
over  old  dumps,  and  salvaging  the  low  grade  ore  left 
in  the  old  workings  of  abandoned  mines.  Prices  of  $35 
to  $60  per  ton  justified  extreme  activity. 

Only  four  producers  in  the  Illinois-Kentucky  dis- 
trict have  railroad  connections.  The  rest  are  compelled 
to  hatil  the  ore  and  supplies  from  four  to  15  miles  over 
dirt  roads,  that  are  almost  impassable  for  five  montns 
of  the  year. 

During  the  war  period  many  new  companies  were 
organized  to  develop  and  operate  fluorspar  prospects. 
Practically  all  used  up  their  capital  and  passed  into 
history.  Many  of  them  never  actually  produced  a  car 
of  ore. 

Exhaustion  of  shallow  deposits,  the  uncertainty 
and  added  cost  of  deeper  mining,  necessary  explora- 
tion, and  dead  work  are  contributing  factors  which 
have  tripled  the  cost  of  producing  fluorspar.  It  has  be- 
come a  complicated,  expensive  and  relatively  deep  min- 
ing proposition. 

Mr.  J.  M.  Blayney,  president  of  the  Fairview  Fluor- 
spar and  Lead  Company  in  The  Iron  Trade  Review, 
February  9,  1922,  says :  "The  fluorspar  industry  today 
bears  little  resemblance  to  that  existing  six  years  ago. 
Few  branches  of  business  have  so  changed  in  such  a 
short  span  of  years,  and  probably  in  no  other  does 
the  consumer  know  so  little  about  the  source  of  supply. 

"In  the  earlier  years  the  smaller  demand  was  easily 
satisfied  principally  by  a  few  operators  favorably  lo- 
cated on  the  Rosiclare  vein  in  Hardin  county  who  were 
mining  comparatively  large  bodies  at  shallow  levels 
and  at  low  cost.  In  those  days  the  shaft  was  small, 
the  equipment  was  crude,  and  the  milling  plants  were 
easily  and  inexpensively  constructed.  The  ore  bodies 
were  relatively  wide  and  the  ore  was  of  good  quality, 
carrying  little  waste.  The  milling  methods  were  simple 
and  labor  was  cheap. 

"Of  all  the  operations  in  the  Kentucky  field,  only 
one  producing  mine  has  a  railroad  connection.  Most 
of  the  others  lie  from  three  to  14  miles  from  the  ship- 
ping point,  and  the  mine  product  and  supplies  must  be 
hauled  by  team  over  dirt  roads  wholly  impassable  for 
such  use  about  five  months  of  each  year. 

"It  is  the  consensus  of  opinion  of  mining  engineers 
familiar  with  the  industry  that  fluorspar  deposits  can- 
not be  determined  with  any  reasonable  assurance  ex- 
cept by  the  sinking  of  shafts  and  the  driving  of  drifts. 
Diamond  drilling  is  practically  useless  for  the  purpose 
of  blocking  out  ore  bodies.  This  is  due,  first,  to  the 
frequent  pinches,  both  lateral  and  perpendicular,  and 
to  the  rapidly  changing  widths  and  erratic  character 
of  the  deposits  themselves.  In  the  second  place,  the 
Rosiclare  district  is  largeb'  honeycombed  with  narrow 
fissures  or  slips  containing  fluorspar  from  a  few  inches 
to  a  foot  in  width,  lying  at  various  angles  and  wholly 
unconnected  with  any  commercial  deposits  of  fluor- 
spar, rendering  the  reading  of  core  results  uncertain. 
Diamond   drilling  has   been   tried  for  many  years   fn 
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the  district  by  half  a  dozen  different  companies,  but  no 
commercial  body  of  fluorspar  has  even  been  developed 
by  its  use.  Expensive  sliafts  have  been  sunk  on  trie 
apparent  indications  of  diamond  drill  cores  and  in  each 
case  have  failed  to  develop  ore  bodies." 

Production  of  fluorspar  in  the  United  States  was 
first  reported  in  1883.    Years  of  normal  production  are: 

1883  4,000  tons 

1892  12,250  tons 

1900  18,450  tons 

1905  57,385  tons 

1910  69,427  tons 

1915  136,941  tons 

1920  186,778  tons 

The  largest  shipments,  due  to  previous  war  de- 
mands, were  263,817  tons  in  1918  to  which  add  12,572 
tons  imported  in  that  year. 

In  1921  shipments  dropped  to  34.960  tons  due  to 
large  stocks  and  depression  in  the  steel  business. 

English  production  has  averaged  for  the  last  eight 
years  about  50,000  tons  annually.  Exact  German  pro- 
duction reports  are  not  available,  but  indicate  about 
8,000  tons  annually,  and  should  show  much  larger  tor 
1921  and  1922. 

The  highest  average  prices  realized  for  fluorspar  at 
mines  including  shipments  made  on  old  low-price  con- 
tracts were : 

1918   $20.72  per  ton 

1919   25.49  per  ton 

1920   25.26  per  ton 

Basic  open-hearth  steel  production  at  five-year  in- 
tervals shows: 

1900  2,545.091  tons 

1905  7,815,728  tons 

1910  15.292..329  tons 

1915  22,308.725  tons 

1920  31,375,723  tons 

As  indicating  the  consumption  of  fluorspar  for  these 
years  gravel  fluorspar  was  produced  in  the  United 
States  as  follows: 

1910    52.013  tons 

1915    114,151  tons 

1920    154,786  tons 

No  records  were  kept  of  importations  when  fluor- 
spar was  on  the  free  list,  prior  to  August,  1909,  but  for 
subsequent  years  imports  were  as  follows : 

1910    42,488  tons  (largest  on  record) 

1915   7,167  tons 

1920   24,612  tons 

Of  the  1920  imports  England  furnished  17,096  tons. 
Canada.  7,086  tons,  chiefly  from  British  Columbia,  and 
Germany,  407  tons. 

Eluorspar  was  on  the  free  list  until  August,  1909, 
when  a  duty  of  $3.00  per  ton  went  into  efTect.  This 
was  reduced  to  $1.50  per  ton,  October,  1913.  The 
present  dutv  of  $5.60  per  ton  is  in  the  new  tarifT  of  Sep- 
tember, 1922. 

Shipments  are  made  in  open  or  box  cars,  in  bulk  or 
in  125-poun(l  bags  or  barrels,  and  in  less  than  carloads 
in  these  packages. 

A  rough  estimate  shows  consumption  about  as  fol- 
lows: 

Steel  ing-ots  and  castings 80      to  85% 

Glass  and  enameling 7^  to  10% 

Hydrofluoric  acid   5       to     6% 

Foundries    1       to    2% 

Miscellaneous 2% 


Geological  Features. 

The  Illinois  State  Geological  Survey  (Bulletin  No. 
41,  1*^*20)  in  co-()])eration  with  the  United  States  Geo- 
logical Survey  has  made  a  careful  study  of  the  geology 
of  the  fluorspar  region  in  Illinois  and  has  issued  a  very 
interesting  and  complete  report  covering  its  field  work. 

The  rock  formation  consists  of  limestone,  shales  and 
sandstones  of  Devonian,  Mississippian  and  Pennsyl- 
vanian  age  with  massive  limestone  beds  predominat- 
ing, the  uppermost  series  of  these  beds  underlying  tne 
coal  measures,  dipping  under  them  to  the  north  and 
west. 

Structurally  the  geology  is  very  interesting  as  the 
rock  beds  have  been  bowed  up  to  form  an  immense 
dome.  The  intrusion  of  igneous  dikes  and  sills  caused 
fmtlu-r  rock  movements  and  adjustments  with  difTeren- 
tial  settings  of  large  blocks  and  the  formation  of  large 
fissures  and  faults.  These  faults,  planes  and  fissures 
furnished  channels  in  which  ore-bearing  solutions  trav- 
ersed the  strata  and  where  conditions  were  favorable 
filled  up  the  fissures  with  ore  deposits  containing  fluor- 
ite,  lead  and  zinc,  with  a  calcite  gangue.  Not  all  fis- 
sures contain  ore  nor  are  all  ore  deposits  in  fissures, 
but  it  seems  well  established  that  the  ore-bearing  solu- 
tions used  the  fissures  as  channels  for  circulation. 

The  first  mineral  to  be  deposited  in  the  fissures  was 
calcite,  and  later  changes  in  the  character  of  the  circu- 
lating waters  and  often  a  further  series  of  rock  move- 
ments caused  the  calcite  to  be  redissolved  and  replaced 
by  fluorite  accompanied  by  lead  and  sometimes  zinc. 

As  is  often  the  case  in  many  mining  districts,  there 
is  in  the  Illinois  fluorspar  district,  one  especially  nota- 
ble vein  or  fissure  system.  This  unusual  vertical  fis- 
sure vein  is  known  as  the  Rosiclare  vein  which,  witti 
several  parallel  veins  formed  at  the  same  time,  has 
produced  nearly  all  the  fluorspar  mined  in  Illinois. 
This  vein  has  been  traced  for  a  length  of  nearly  three 
miles  and  the  underground  workings  on  it  total  some 
10,000  feet  in  length  and  it  has  been  developed  to  a 
depth  of  620  feet  from  the  surface.  The  dip  of  this  vein 
is  to  the  west,  but  it  is  so  slight  as  to  be  practically 
vertical. 

The  ore  chutes  on  this  fissure  attain  a  maximum 
known  width  of  about  22  feet  with  an  average  widtti 
of  6  to  8  feet.  There  are  narrow  spots  or  pinches  alter- 
nating with  good  sized  bodies  of  ore,  as  is  usual  m 
most  fissure  veins,  and  some  ore  chutes  have  been 
mined  that  measured  over  1.000  feet  long. 

There  is  one  fluorspar  deposit,  located  near  Cave- 
in-Rock,  Illinois,  which  is  unusual  in  that  the  fluorite 
has  replaced  a  bed  of  limestone.  Apparently  the  miner- 
al-bearing waters  circulated  through  the  fissure  which 
was  closed  by  a  bed  of  shale  overlying  a  soft  permeable 
limestone  which  has  been  replaced  by  fluorspar.  In 
places  this  deposit  is  workable  and  several  mining 
operations  have  been  conducted  on  this  bed  whicli 
outcrops  on  the  side  of  a  hill,  making  open  cut  work 
feasible  for  moderate  distances  followed  b}'  under- 
ground mining  from  adits. 

Three  companies  operate  on  the  Rosiclare  vein, 
nainely  the  Rosiclare  Lead  and  Fluor  Spar  Mining 
Company.  The  Fairview  Fluorspar  and  Lead  Com- 
pany, and  the  Hillside  Fluor  Spar  Mines. 

Mining  Methods. 

The  usual  methods  of  developing  the  fluorspar  de- 
posits in  the  fissure  veins  is  by  means  of  vertical  shafts 
and  drifts  in  the  ore  at  vertical  intervals  of  75  to  100 
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feet.  The  larger  mines  put  down  a  three-compartment 
concreted  shaft  with  two  compartments  for  cages  or 
skips  and  a  pipe  and  ladder  compartment.  When  in 
ore  it  is  customary  to  drive  the  drifts  the  full  widtn 
of  the  ore  and  12  to  14  feet  high  so  that  the  necessary 
head  room  for  setting  timbers  is  secured. 

Hitches  are  cut  in  the  foot  wall  and  heavy  stulls  are 
set  across  to  the  hanging  wall,  spaced  about  six-feet 
centers,  the  head  of  the  stuU  being  several  feet  higher 
than  the  foot,  depending  upon  the  width  of  the  drift. 
These  stulls  are  usually  set  with  the  heel  or  hitch  end 
about  live  feet  above  the  tram  tracks  and  chutes  for 
drawing  ore  are  then  built  between  alternate  pairs  of 
stulls. 

The  stulls  are  then  covered  with  poles  or  split  lag- 
ging and  stoping  begins  by  shooting  down  the  ore  upon 
the  timbers  and  drawing  it  off  through  chutes  into  the 
tram  cars.  Enough  ore  for  the  miners  to  stand  on  and 
reach  the  back  is  held  in  the  stopes,  so  that  when  a 
stope  is  beaten  out  to  the  level  above  it  is  practically 
full  of  broken  ore,  which  amounts  to  about  one-half  of 
the  ore  originalh'  in  place  in  the  solid. 

Mine  Equipment. 

As  none  of  the  fluorspar  mines  are  over  650  feet 
deep  the  hoisting  equipment  required  is  not  large. 

Sinking  is  done  with  the  jackhammer  type  of  drill, 
drifting  and  crosscutting  is  generally  done  with  a 
mounted  type  machine,  sometimes  with  a  jackhammer 
where  the  ground  is  not  too  hard  and  a  Waugh  turbo 
type  where  more  power  is  needed.  Stoping  is  all  done 
with  air  feed  hand  rotated  stoping  machines. 

Pumping  equipment  is  of  great  importance  as  the 
mines  are  wet.  Under  normal  conditions  the  Fairview 
Company  pumps  about  1,500  gallons  per  minute  and 
the  Rosiclare  Company  about  700  gallons  per  minute, 
but  in  times  of  high  water  in  the  Ohio  River  the  flow 
of  water  increases  to  double  these  figures. 

Both  of  these  mines  are  deeper  than  the  Hillside 
mine  which  is  mining  in  drained  territory  and  has  no 
water  to  speak  of. 

Milling. 

To  produce  the  commercial  grades  of  spar  demand- 
ed by  the  market  it  is  necessary  to  mill  the  run  of  mine 
ore. 

The  Bureau  of  Mines  has  completed  its  fluorspar 
investigation  of  this  year  and  says :  "The  importance 
of  fluorspar  in  the  steel  and  ceramic  industries  is  so 
great  and  accurate  information  on  methods  of  mining, 
milling  and  utilization,  and  on  costs  of  production  of 
fluorspar  is  so  lacking  that  it  has  been  considered  ad- 
visable by  the  Bureau  of  Mines  to  investigate  all  phases 
of  the  fluorspar  industry  in  the  United  States.  At 
the  request  of  and  in  company  with  several  Eastern 
fluorspar  producers,  examination  has  been  made  of  the 
principal  fluorspar  deposits  of  the  Western  States. 
This  examination  was  followed  by  an  intensive  study 
of  the  producing  mines  in  Illinois  and  Kentucky.  It 
was  found  that  most  of  the  deposits  of  the  far  Western 
States  were  small  and  could  not  be  relied  on  to  produce 
such  surplus  over  the  needs  of  the  W^estern  States. 
Costs  of  production  in  the  Illinois-Kentucky  field  have 
increased  greatly  owing  to  the  increasing  depth  of  tne 
principal  mines,  the  large  amount  of  water  that  must 
be  pumped  and  the  increased  cost  of  labor  and  supplies. 
A  report  of  all  phases  of  the  fluorspar  industry  is  in 
preparation." 


Notwithstanding  the  large  existing  demand  for 
fluorspar  under  normal  conditions,  which  is  constantly 
increasing,  owing  to  the  general  increase  in  business 
and  from  new  uses  found  for  it,  I  feel  it  is  not  necessary 
that  a  substitute  should  be  found,  as  with  an  increase 
in  price,  old  mines  and  prospects  in  the  Illinois-Ken- 
tucky field  would  be  worked  again  as  soon  as  a  market 
price  justified. 

The  same  condition  would  again  bring  spar  to  the 
Eastern  users  from  Colorado  and  New  Mexico  and  im- 
portations from  England  and  Germany  would  make  up 
the  deficiency,  if  any. 

At  succeeding  levels  of  higher  prices  more  and  more 
production  would  come  in  until  the  demand  was  satis- 
fied. An  advance  of  a  few  or  several  dollars  per  ton 
would  not  be  burdensome.  Five  dollars  per  ton  would 
not  be  burdensome.  Five  dollars  per  ton  would  mean 
only  2Y2  cents  per  ton  additional  cost  for  steel  ingots. 

I  think  I  am  justified  in  saying  that  if  necessary  ro 
insure  an  adequate  supply  the  leading  miners  of  tior- 
spar,  if  approached  in  the  right  spirit,  with  their 
knowledge  of  mining,  with  ample  capital  and  expert 
engineering  departments,  would  undertake  necessary 
development  work  in  the  outlying  districts  provided 
the  owners  of  prospects  or  local  capital  could  not  do  so. 


ALUMINUM  INVESTIGATIONS  OF  THE 
BUREAN  OF  MINES 

The  investigation  of  cracks  in  aluminum  alloy  cast- 
ings, conducted  by  Robert  J.  Anderson,  metallurgist 
at  the  Pittsburgh,  Pa.,  experiment  station  of  the  Bureau 
of  Mines,  has  been  finished  in  part,  and  a  preliminary 
report  issued.  A  method  has  been  devised  for  the  di- 
rect determination  of  aluminum  in  aluminum  and 
aluminum  alloys  and  also  for  aluminum  oxide  in  these 
materials,  and  a  report  was  issued. 


SYNTHETIC  CAST  IRON 

As  is  well  known,  pig  iron  is  not  produced  on  the 
Pacific  Coast  at  the  present  time  in  sufficient  quantities 
to  meet  the  demand  for  iron  of  such  grades  as  are  re- 
quired for  foundry  purposes.  As  a  result,  foundry  iron 
is  costly,  due  to  high  freight  rates  on  eastern  iron  that 
is  brought  in  and  to  tlie  high  cost  of  coke  suitable  for 
use  in  the  cupola.  On  the  other  hand,  considerable 
steel  scrap  is  to  be  had,  and,  for  that  reason,  attention 
has  been  recently  given  by  the  members  of  the  Electro- 
metallurgical  Section  of  the  Northwest  Station  of  the 
Bureau  of  Mines  at  Seattle,  to  the  problem  of  deter- 
mining the  best  conditions  for  the  production  of  cast 
iron  by  melting  scrap  steel  in  the  electric  furnace. 
These  conditions  were  established  by  numerous  experi- 
ments conducted  in  a  laboratory  furnace  holding  300 
lbs.  of  metal. 

Later  on  these  conditions  were  applied  in  a  local 
foundry  with  excellent  results.  Low-grade  miscellane- 
ous steel  scrap  was  melted  and  carburized  in  a  3,000-lb., 
direct  arc,  .vphase  electric  furnace  and  the  resultant 
metal  discharged  into  the  pouring  ladle  and  then  into 
the  molds  for  the  miscellaneous  grey  iron  castings 
which  made  up  the  normal  output  of  the  foundry.  The 
carbon  and  silicon  content  of  the  product  was  under 
control  at  all  times  and  the  furnace  operator  had  no 
diiificulty  in  producing  the  grade  of  iron  required.  Sat- 
isfactory castings  were  made  with  the  normal  consump- 
tion of  power  and  electrodes. 
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Bases  of  Modern  Blast  Furnace  Practice 

Outline  of  Bases  Upon  Which  Modern  Blast  Furnace  Practice  Has 
Been  Built  Up — Shows  How  Adoption  of  These  Methods  Leads  to 
a  Desirable  Improvement  Both  Regarding  Economy  and  Output. 

By  A.  K.  REESE* 
PART   II 


IX  the  sense  in  wliic'n  furnace  design  bears  upon  the 
purpose  of  this  paper  it  refers  not  to  the  structural 
detail  of  the  furnace  as  a  whole,  but  to  that  portion 
only  in  whicli  the  metallurgical  operations  take  place  ; 
that  is,  the  furnace  jiroper,  the  interior  space,  the  de- 
sign of  which  is  technically  known  as  the  "lines  of  tlu- 
furnace." 

The  terms  usually  used  to  describe  the  lines  of  a 
blast  furnace  divide  it  into  a  number  of  sections,  namely, 
the  hearth  or  crucible,  which  is  cylindrical;  the  bosh,  an 
inverted  truncated  cone;  the  shaft,  an  upright  truncated 
cone;  and  the  throat — in  modern  furnaces  usually  cylin- 
drical— -extending  from  the  top  of  the  shaft  to  the  top 
of  the  furnace. 

The  principal  dimensions  of  these  sections  consist  of 
heights,  diameters,  the  acute  angle  of  the  bosh  wall  to 
the  horizontal,  and  the  batter  of  the  shaft  wall  to  the 
vertical.  Each  of  these  dimensions  has  a  very  important 
bearing  upon  all  the  others,  and  their  relation  to  each 
other  is  of  the  first  importance  as  a  factor  in  modern 
blast  furnace  practice ;  for  although  they  may  vary  some- 
what in  their  relation,  the  variations  arc  limited  to  con- 
form to  certain  principles,  the  height  of  the  furnace  and 
hearth  diameter  being  the  dimensions  which  control  all 
the  others. 

Under  this  heading — Furnace  Design — the  author 
proposes  to  outline  and  discuss  the.=;e  principles,  and  to 
enunciate  as  a  general  law  the  principle  that  the  output 
capacity  of  a  blast  furnace  {with  any  particular  set  of 
raw  materials)  is  in  proportion  to  the  effective  bosh  area. 
The  nucleus  of  this  law  is  the  word  effective,  for  as  will 
be  later  shown  the  maximum  effective  bosh  area  is  de- 
pendent upon  the  various  factors  which  constitute  the 
principles  of  modern  blast  furnace  practice. 

iModern  development  in  blast  furnace  design  has 
established  the  following  essentials.  A  shaft  batter  of  1 
in  13.5  to  15,  the  low  bosh,  the  large  hearth  diameter, 
and  the  deep  bosh  angle — all  of  which  are,  of  course, 
comparative  terms  in  their  relation  to  similar  features  in 
the  older  designs. 

In  a  figure  showing  two  furnaces,  "A"  and  "B"  of  pre- 
modern  lines  (extreme  cases  have  been  chosen  in  order 
to  emphasize  the  principles  under  discussion),  and  show- 
ing two  furnaces,  "C"  and  "D"  of  modern  lines,  the  ten- 
dency is  further  to  increase  the  hearth  diameter,  and  a 
furnace  is  now  in  successful  operation  with  a  hearth 
diameter  of  20  ft.  9  in.,  but  in  this  direction  it  is  suf- 
ficient for  the  present  purpose  to  avoid  the  extremes. 

Throat  and  Stack. — The  upper  section  of  the  furnace 
or  throat  is.  as  above  mentioned,  usually  cylindrical  in 
shape  and  extends  to  from  20  ft.  to  25  ft.  below  the  fur- 
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nace  top  or  12  ft.  to  17  ft.  below  the  stock  line,  the  high- 
est point  to  which  the  furnace  may  be  filled.  The  adop- 
tion of  the  cylindrical  throat  is  primarily  in  order  to 
obtain  the  desired  batter  to  the  shaft  walls,  although  it 
also  has  a  bearing  upon  regularity  of  distribution  by 
presenting  to  the  charged  materials  an  area  of  the  same 
dimensions  for  the  varying  positions  of  the  materials  in 
the  throat  due  to  their  constant  movement.  The  latter 
point,  however,  is  not  of  great  importance  in  the  mod- 
ern furnace  plant  as  the  charging  appliances  are  usually, 
or  should  be,  of  ample  capacity  to  keep  the  furnace  fully 
charged  at  the  highest  rate  of  driving. 

Within  the  distance  to  which  the  cylindrical  throat 
extends  the  condition  of  the  materials  is  such  that  there 
is  no  tendency  for  them  to  adhere  to  the  walls  or  to 
hang  through  jamming,  or  arching,  as  they  are  in  a  "dry" 
condition,  both  as  to  moisture  and  pastiness,  and  their 
expansion  through  increase  in  temperature  is  not  yet 
sufficient  to  require  increased  space  for  their  accommo- 
dation so  as  to  avoid  the  danger  of  restricting  free  move- 
ment. Below  this  point,  however,  temperature  increa.se 
becomes  much  more  rapid  and  reactions  much  more  in- 
tense. In  this  alteration  in  condition  and  temperature, 
which  is  progressive  as  the  materials  descend,  more  space 
accommodation  is  required  for  free  movement,  more  par- 
ticularly because  to  expansion  is  added  the  semi-pasty 
condition,  and  the  increased  density  of  the  mass  through 
the  increasing  load  bearing  down  upon  it  from  the  in- 
creasing weight  of  superimposed  materials.  It  is  also 
probable  that  the  question  of  carbon  deposition  enters 
into  the  necessity  of  greater  space  accommodation  as  the 
materials  descend  into  the  hotter  and  more  active  re- 
gions of  the  furnace.  Hence  the  necessity  for  the  ex- 
panding batter  to  the  shaft  walls.  It  would  also  seem 
obvious  that  the  more  rapid  the  descent  of  the  materials 
into  and  through  these  zones  (faster  driving),  the  greater 
must  be  the  increase  in  space  accommodation.  In  the 
older  furnace  designs,  with  slower  driving,  shaft  batters 
as  low  as  1  in  26,  and  possibly  less,  were  in  use.  In  mod- 
ern practice  it  has  been  found  necessary  to  increase  this 
batter  to  1  in  14,  or  thereabouts.  The  principles  involved 
in  this  feature  of  modern  blast  furnace  design  are  of  the 
greatest  importance,  and  probably  explain,  in  part  at 
least,  why  many  furnace  managers  have  failed  in  their 
attempts  to  ajiply  fast  driving  to  furnaces  with  lower 
shaft  batter. 

To  revert  for  a  moment  to  throat  diameter,  there  are 
in  this  feature  several  opposing  conditions  to  consider. 
The  lower  the  velocity  of  the  gases  as  thev  leave  the 
furnace  top,  the  lower  the  loss  from  flue  dust  carried 
over  with  them.  The  largest  possible  throat  diameter  is, 
therefore,  desirable  for  this  reason.  On  the  other  hand, 
the  extent  to  which  this  feature  may  be  provided  for  is 
limited  by  the  question  of  distribution,  both  of  the  mate- 
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rials  charged  into  the  top  and  the  ascending  gases,  as  re- 
gards the  most  uniform  action  of  the  latter  over  the 
whole  cross-section  of  the  former.  The  throat  diame- 
ter is  also  limited  by  the  required  shaft  batter,  and  the 
bosh  diameter  and  height.  Sacrifices  must,  therefore, 
be  made  in  one  direction  or  the  other,  and  as  the  ques- 
tion of  losses  by  flue  dust  is  largely  atfected  by  regu- 
larity of  stock  movement,  features  tending  to  the  latter 
should  have  first  consideration.  Throat  diameters  are, 
therefore,  restricted  in  modern  furnaces  of  85  to  95  feet 
in  height  to  from  15  to  17  feet,  the  controlling  factors 
being  the  other  dimensions  such  as  hearth  diameter,  bosh 
diameter,  and  height. 

The  Lozv  Bosh. — The  low  bosh  was  the  direct  out- 
come of  attempts  to  increase  blast  furnace  outputs  by 
increasing  the  volume  of  blast  blown  per  minute.  These 
attempts  with  the  old  high  bosh  furnaces  resulted  in  seri- 
ously increased  furnace  irregularities,  the  reason  for 
which  became  apparent  from  the  study  of  the  altered  con- 
ditions brought  about  in  the  furnace  through  the  more 
rapid  driving,  and  the  troubles  experienced.  With  the 
much  more  rapidly  descending  materials  it  was  found 
necessary  that  the  contracting  part  of  the  furnace,  that 
is,  the  top  of  the  bosh,  should  begin  below  the  upper 
limit  of  the  zone  of  fusion  in  order  to  prevent  the  pasty 
materials  just  above  the  zone  of  fusion  entering  the  con- 
tracting area,  where  they  would  be  subjected  to  a  squeez- 
ing action  as  a  result  of  the  resistance  of  the  bosh  walls, 
and  the  weight  of  the  superimposed  materials,  with  the 
consequent  tendency  to  pack  and  cause  hanging  and  the 
formation  of  scafifolds  on  the  upper  bosh  walls. 

The  continued  lowering  of  the  top  of  the  bosh  fol- 
lowed therefore  the  continued  attempts  at  faster  rates  of 
driving  for  larger  outputs,  until  in  modern  practice  a 
bosh  height  for  85  to  95  ft.  furnaces,  of  10  to  12  ft.  above 
the  top  of  the  crucible,  has  been  adopted  as  compared 
with  as  much  as  30  ft.  in  the  old  design.  While  it  is  true 
that  no  one  would  build  a  furnace  with  a  30-ft.  high  bosh 
today,  there  are  furnaces  in  operation  of  recent  design 
with  boshes  16  to  18  ft.  or  even  higher.  Any  attempt  to 
rapidly  drive  such  furnaces  is  sure  to  result  in  increased 
irregularity  and  consequent  failure.  The  basis  of  this 
principle — the  low  bosh — is,  therefore,  that  the  furnace 
be  so  designed,  as  regards  bosh  height,  that  the  expand- 
ing portion  of  the  furnace,  that  is,  the  shaft,  shall  con- 
tinue to  a  point  slightly  below  the  beginning  of  the  melt- 
ing zone,  so  that  no  pasty  materials  shall  enter  the  con- 
tracting portion  at  the  top  of  the  bosh.  In  actual  prac- 
tice many,  in  fact  most,  modern  furnaces  are  designed 
with  a  cylindrical  section  from  5  to  8  ft.  in  height  be- 
tween the  lower  limit  of  the  expanding  shaft  and  the 
upper  limit  of  the  contracting  bosh.  This  section  has  no 
justification  from  the  standpoint  of  any  principles  in- 
volved in  its  adoption,  except  that  it  fills  up  with  brick- 
work the  angular  space  at  the  junction  of  the  bosh  and 
shaft,  which  to  a  degree  may  be  considered  "dead  space," 
and  renders  less  abrupt  the  transition  from  the  expand- 
ing shaft  to  the  contracting  bosh,  but  is  rather  the  result 
of  necessity  in  order  to  obtain  the  desired  relation  be- 
tween other  features  such  as  shaft  batter,  throat  diame- 
ter, and  bosh  diameter  height. 

The  bosh  diameters,  for  what  may  be  called  full-sized 
blast  furnaces,  that  is  from  85  to  95  ft.  high,  are  usually 
from  20  to  23  ft.  with  a  bosh  angle  of  about  80  deg., 
while  in  pre-modern  design  this  angle  was  anything  from 
68  deg.  or  less  to  74  deg.  The  latter  feature  is  the  result 
of  the  progressive  increase  in  hearth  diameters,  and,  as 
the  author  will  endeavor  to  show  further  on,  these  two 
features,  the  steep  bosh  angle  and  the  large  hearth,  are 


concomitant,  and  their  evolution  the  result  of  etiforts  to 
overcome  irregularities  through  the  failure  of  earlier  de- 
signs (with  the  flatter  bosh  and  smaller  open  hearth 
diameter)  to  bring  into  operation  the  maximum  effective 
bosh  area,  which  is,  of  course,  the  full  bosh  area. 

The  Hearth  or  Crucible. — In  the  modern  full-sized 
furnaces  hearth  diameters  are  normally  from  16  to  18 
ft.,  although,  as  has  already  been  mentioned,  in  one  in- 
stance this  dimension  has  reached  20  ft.  9  in.  At  pres- 
ent, however,  the  latter  may  be  taken  as  an  extreme,  and 
it  remains  to  be  seen  whether  hearths  of  this  size  are 
likely  to  be  generally  adopted.  In  the  process  of  evolu- 
tionary experiment  it  is  often  necessary  to  overreach  the 
ma.ximum  in  order  to  ascertain  what  it  really  is. 

The  hearth  diameter  of  a  blast  furnace  would  seem, 
at  first  sight,  to  be  the  determining  factor  for  its  output 
capacit)',  and,  in  the  sense  that  it  is  the  starting  point  in 
the  design,  and,  with  the  bosh  angle  and  bosh  height  now 
generally  adopted  in  modern  design,  practically  deter- 
mines the  bosh  diameter,  it  is  so,  but  in  the  sense  that 
the  hearth  diameter,  together  with  the  low  bosh  and  steep 
bosh  angle,  are  merely  means  for  making  effective  the 
maximum  bosh  area  it  is  not  really  the  determining  fac- 
tor, which  is  the  bosh  diameter.  The  hearth,  or  more 
properly  the  crucible,  is  the  receptacle  for  receiving  and 
storing  from  cast  to  cast  the  molten  materials,  while 
the  bosh  area  is  the  active  area  in  which  the  molten  mate- 
rials are  produced  as  such,  and  the  proportion  of  that 
area  which  is  in  active  operation  is  the  determining  fac- 
tor as  to  the  quantity  of  molten  materials  available  for 
collection  in  the  crucible. 

In  all  previous  references  to  the  various  dimensions 
of  the  modern  blast  furnace,  and  the  principles  which 
have  led  to  their  adoption,  it  is,  of  course,  assumed  that 
in  the  operation  of  the  furnace  the  volume  of  blast  is  in 
keeping  with  the  size  of  the  furnace,  and  is  such  as  will 
provide  the  operating  conditions  upon  which  those  prin- 
ciples are  based.  In  modern  practice  the  volume  of  blast 
blown  is  normally  from  40,000  to  50,000  cu.  ft.  of  free 
air  per  minute  delivered  from  engines  capable  of  deliver- 
ing these  volumes  against  pressures,  or  rather  resistances, 
up  to  25  or  30  lbs.  per  sq.  in.,  to  provide  ample  reserve 
power  for  conditions  causing  abnormally  high  pressures. 
Normal  working  pressures  are  usually  between  15  and 
20  lbs. 

Effective  Bosh  Area. — This  term,  used  several  times 
in  the  foregoing,  is,  the  author  believes,  a  new  one  in 
blast  furnace  nomenclature,  but  it  is  one  which  has  a 
meaning  of  the  first  importance  in  blast  furnace  opera- 
tions. 

Heretofore  it  was  enunciated  as  a  general  law  that 
"the  output  capacity  of  a  blast  furnace,  with  any  particu- 
lar set  of  raw  materials,  is  in  proportion  to  its  effective 
bosh  area." 

Before  discussing  this  proposition  it  is  necessary  to 
define : 

1.  What  is  the  "effective  bosh  area"?  and  to 
consider 

2.  What  are  the  factors  which  control  or  deter- 
mine the  effective  bosh  area? 

3.  What  bearing  have  these  factors  (through 
their  determination  of  the  effective  bosh  area)  upon 
the  output  capacity  of  the  furnace? 

1.  The  effective  bosh  area  is  that  portion  of  the 
full  horizontal  bosh  area  at  its  maximum  diameter  which 
is  in  normal  activity  under  the  conditions  of  operation  of 
the  furnace. 
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2.  The  factors  which  control  or  determine  the  effec- 
tive bosh  area  are  those  which  are  under  discussion  in 
this  paper,  namely,  the  condition  of  tlie  materials  charged, 
the  furnace  lines,  and  tiie  volume  of  blast  blown  per 
minute  in  relation  to  the  size  of  the  furnace. 

3.  The  bearing  these  factors  have  upon  the  output 
capacity  of  the  furnace  is  that  they  determine  the  area  of 
activity  in  the  melting  zone. 

The  whole  trend  of  evolution  in  blast  furnace  prac- 
tice has  been  in  attempts  to  devise  means  of  increasing 
output  capacity  consistent,  of  course,  with  quality  and 
economy,  and  the  degree  to  which  these  attempts  have 
been  successful  in  modern  practice  has  been  due  to  the 
influence  the  factors  in  that  practice,  as  described  in  this 
paper,  have  had  in  increasing  the  ratio  of  elTective  bosh 
area  to  the  ma.ximum  or  designed  bosh  area  of  the  fur- 
nace, or  to  put  it  in  simple  terms,  to  keeping  the  walls 
clean.  It  is,  therefore,  conversely  true  that  the  effective 
bosh  area  of  blast  furnaces,  where  the  factors  upon 
which  modern  practice  is  based  have  not  been  adopted, 
or  which  are  not  operated  in  conformity  with  its  prin- 
ciples, is  less  than  the  maximum  or  designed  bosh  area. 

As  has  been  described  under  Preparation  of  Mate- 
rials, the  direct  tendency  of  lack  of  such  preparation  is 
towards  restriction  of  active  area  in  the  furnace.  Under 
furnace  design  the  tendency  of  the  high  bosh  and  the 
low  stack  batter  is  shown  to  be  towards  restriction  of 
active  area  in  the  furnace.  Equally  the  tendency  of  the 
small  hearth  and  flat  bosh  angle  is  towards  restriction 
of  effective  bosh  area,  owing  to  the  removal  of  the  area 
at  and  adjacent  to  the  top  of  the  bosh  near  the  walls 
too  far  horizontally  from  the  upward  moving  gases,  with 
the  consequent  tendency  for  accumulation  of  torpid  or 
stationary  materials  in  that  area. 

As  previously  described,  for  a  furnace  of  a  given 
size,  insufficient  blast  volume  to  ensure  equal  activity 
throughout  the  whole  cross-section  at  every  altitude  tends 
to  the  production  of  inactive  areas  owing  to  the  impos- 
sibility of  providing  perfect  uniformity  of  materials. 
The  greater  this  lack  of  uniformity,  the  greater  this 
tendency.  The  under  blowing  of  a  blast  furnace  is  one 
of  the  most  fruitful  causes  of  reduction  of  effective  bosh 
area,  with  outputs  far  below  maximum  output  capacity. 

The  tendency  of  a  blast  furnace  is  to  adjust  its  active 
areas  to  the  volume  of  blast  supplied  to  it.  This  tendency 
is  in  strong  evidence  where  furnaces  which  have  been 
blown  for  a  considerable  period  with  comparatively 
small  blast  volume,  have  been  suddenly  and  too  quickly 
supplied  with  a  considerably  increased  volume.  Opera- 
tors who  have  made  this  experiment  will  doubtless  recall 
the  difficulties  they  have  experienced  through  irregular 
working.  The  author  knows  of  cases  where,  although 
the  furnace  size  was  quite  suitable  to  the  increased  blast 
volume,  the  attempt  has  been  abandoned  through  the  con- 
clusion that  conditions  were  not  suitable  to  faster  driv- 
ing, whereas  a  little  persistence  would  probably  have 
overcome  the  difficulties  met  with  by  the  walls  gradually 
clearing,  and  then  furnace  thus  adjusting  itself  to  the 
larger  volume. 

It  is,  of  course,  true  that  many  blast  furnaces  in 
operation  today  are  not  adaptable  to  modern  practice  in 
its  fullest  sense.  One  or  more  of  the  necessary  fac- 
tors are  lacking,  and,  as  the  author  has  attempted  to 
show,  each  of  these  factors  is  so  dependent  upon  the 
others  that  they  must  all  be  present  for  its  full  applica- 
tion. Among  them,  however,  there  is  one,  preparation 
of  materials,  which,  if  adopted  alone,  would  provide 
conditions  which  would  render  possible  the  partial  appli- 


cation of  others  with  decided  improvement  in  results,  and 
tend  to  remove  many  of  the  difficulties  now  experienced. 

Auxiliary  Equipment. 

Under  this  heading  it  is  not  intended  to  enter  into, 
nor  does  the  purpose  of  this  paper  call  for,  a  detailed 
discussion  of  the  many  units  comprising  the  auxiliary 
equipment  of  a  modern  blast  furnace.  There  are,  of 
course,  certain  units  which  are  essential  to  the  opera- 
tion of  any  blast  furnace.  Where,  for  the  purpose  of 
emphasizing  the  requirements  of  modern  blast  furnace 
practice,  it  is  necessary  to  discuss  the  modern  features 
of  these  units  they  will  be  specifically  referred  to.  There 
are  also  certain  units  which,  while  not  essential  to  blast 
furnace  operation  in  general,  are  essentials,  from  the 
standpoint  of  economical  operation,  to  modern  practice. 
These  will  be  discussed  in  more  detail,  but  only  so  far 
as  the  principles  involved  in  their  adoption  are  con- 
cerned. 

The  auxiliary  equipment,  or  plant  required  for  the 
operation  of  a  blast  furnace,  may  be  divided  into  four 
sections : 

1.  The  Power  Plant. 

2.  The  Blast  Heating  Plant. 

3.  The  Raw  Material  Supply  Plant. 

4.  The  Output  Disposal  Plant. 

Equipment  falling  under  one  or  other  of  these  sec- 
tions is  essential  to  the  operation  of  every  blast  furnace 
(excepting,  of  course,  a  cold  blast  furnace  which  need  not 
be  considered  here).  In  modern  practice,  however,  there 
are  certain  features  in  the  details  of  the  plant  required, 
bearing  upon  the  method  and  economy  of  operation, 
which  are  essential  to  the  full  adoption  of  that  practice. 

1.  The  term  Pozver  Plant,  which  is  used  here  in  its 
most  comprehensive  sense,  covers  all  apparatus  for  pro- 
ducing and  utilizing  the  power  required  for  sustaining 
the  blast  furnace  operations.  The  principal  among  these 
are  the  boiler  plant,  the  blowing  engine  plant,  the  elec- 
tric generating  plant,  the  water-pumping  plant,  and,  in 
some  cases,  the  hydraulic  power  and  compressed  air 
plant (  and  it  might  be  added  the  dry  blast  plant).  With 
regard  to  most  of  these  items,  it  need  only  be  said  that 
they  should  be  of  the  most  modern,  simple,  and  eco- 
nomical type,  with  ample  reserve  of  power  and  capacity, 
in  order  to  minimize  those  costly  furnace  stoppages 
which  are  otherwise  likely  to  occur  through  mechanical 
failures,  or  interference  with  normal  operation  through 
lack  of  efficiency.  In  other  respects  they  do  not,  with 
the  exception  of  the  blowing  engines,  bear  directly  upon 
the  principles  of  modern  blast  furnace  practice.  In  re- 
gard to  blowing-engine  capacity,  and — in  one  particular 
feature — to  turbo  blowers,  there  is  a  point  which  it  is 
important  to  emphasize.  As  previously  stated,  the  vol- 
ume of  air  required  for  the  normal  operation  of  a  full- 
sized  modern  blast  furnace  is  from  40,000  to  50,000 
cubic  feet  of  air  per  minute.  It  is  important  that  this 
air  should  be  delivered  in  as  continuous  a  flow — that  is 
as  free  from  pulsations — as  possible. 

With  reciprocating  engines,  the  speed  and  number  of 
blowing  cylinders  should  be  as  great  as  possible  con- 
sistent with  engine  safety  and  efficiency,  and  the  range 
of  vohmne  delivered,  with  a  fair  degree  of  economy,  as 
wide  as  possible.  The  engine  should  also  be  designed  to 
dehver  their  maximum  volume  against  pressures  up  to 
25  to  30  lbs.  per  square  inch  with  steam  pressure  or  gas 
of  quality  at  least  20  per  cent  below  the  normal,  in  order 
to  provide  for  those  abnormal  conditions  to  which  every 
blast  furnace  is  liable.     As  regularity  in  air  volume  de- 
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livery  is  an  essential  of  modern  blast  furnace  practice, 
every  blowing  engine  should  be  equipped  with  an  effi- 
cient governing  device. 

As  above  mentioned,  the  centrifugal  or  turbo  blower 
is  widely  used,  and  is  rapidly  growing  in  favor  for 
blast  furnace  work.  Well  designed  blowers  of  this  type 
have  a  number  of  advantages  over  the  reciprocating  type. 
The}'  are  simpler  in  design.  Per  unit  of  capacity  they 
are  lighter  in  weight,  require  less  floor  space,  less  mas- 
sive foundations,  and  are  lower  in  first  cost.  They  have 
fewer  moving  parts,  have  no  losses  through  reversal  of 
motion,  are  lower  in  cost  of  maintenance  and  repairs, 
require  less  attention  in  operation,  and  are  much  easier 
and  less  costly  to  lubricate.  They  have  the  advantage  of 
giving  a  continuous  flow  of  blast  delivery,  being  entirely 
free  from  the  pulsations  in  deliverv,  within  their  rated 
capacity,  characteristic  of  the  reciprocating  type.  There 
is  however  one  feature  in  the  turbo  blower  as  compared 
with  the  reciprocating  blower  which  must  be  specially 
provided  for  to  ensure  its  suitability  for  modern  blast 
furnace  practice.  As  above  stated,  regularity  or  con- 
stancy of  the  volume  of  free  air  per  minute,  required  by 
the  furnace  operator  for  the  time  being,  is  an  essential 
of  that  practice.  This  volume  must  not  materially  vary 
or  be  affected  by  the  more  or  less  varying  resistance, 
commonly  called  pressure,  on  the  delivery  side  of  the 
blower,  due  to  the  varying  furnace  conditions.  In  re- 
ciprocating blowers  this  requirement  offers  no  difficulty, 
as  regularity  of  the  volume  delivered  is  assured  by  regu- 
larity in  engine  revolutions,  whatever  the  resistance, 
within  the  limits  of  the  capacity  of  the  blower.  In  the 
turbo  blower,  however,  the  volume  delivered  varies  both 
with  the  engine  revolutions  and  the  resistance  on  the  de- 
livery side.  The  turbo  blower,  therefore,  requires  for  its 
satisfactory  application  to  modern  blast  furnace  practice 
a  special  type  of  governing  or  controlling  device  in  order 
to  assure  the  delivery  of  a  constant  volume  of  blast  per 
minute  against  the  varying  resistance  offered  by  the 
varying  furnace  conditions,  that  is,  a  volume  controller. 
For  many  years  this  feature  in  the  turbo  blower  was  a 
serious  drawback,  notwithstanding  its  many  other  advan- 
tages, to  its  adoption  for  blast  furnaces.  Its  general 
adoption  and  growing  use  in  recent  years  is  directly  due 
to  this  difficulty  having  been  successfully  solved  through 
the  design  and  application  of  an  efficient  volume  reg- 
ulator. 

2.  The  Blast  Heating  Plant  consists  essentially  of 
the  hot  blast  stoves  and  their  connections,  for  receiving 
cold  blast  from  the  blowers  and  waste  gases  from  the 
furnace,  and  for  delivering  hot  blast  to  the  furnace  and 
consumed  gases  to  the  atmosphere.  Under  this  heading 
should  be  included  another  installation  which,  while  not 
essential  to  blast  furnace  operation  in  general,  is  from 
the  standpoint  of  economy  an  essential  part  of  modern 
blast  furnace  equipment.  This  is  the  gas  cleaning  plant, 
or  rather,  a  rough  gas  cleaning  plant  as  distinct  from 
the  plant  required  for  the  high  degree  of  gas  cleaning 
necessary  for  use  in  gas  engines. 

The  advantages  and  economies  obtainable  by  the  use 
of  clean  gas  as  compared  with  uncleaned  gas  are  many 
and  of  very  considerable  importance,  and  far  outweigh 
the  cost  of  installation,  operation,  and  upkeep,  etc 

Though  this  question  has  already  been  fully  discussed 
by  various  writers,  a  number  of  these  advantages,  some 
of  which  also  apply  to  the  boiler  plant,  are  enumerated 
as  follows: 

(1)  A  much  higher  thermal  efficiency  of  the  gas 
is  obtained  through  more  perfect  combustion,  by  bet- 


ter control  of  air  and  gas  mixture,  and  the  elimina- 
tion of  fume  and  other  heat  absorbing  solid  matter, 
with  the  consequent  increase  in  the  heat  units  avail- 
able for  absorption  by  the  stove  checker  bricks  and 
boiler  flues. 

(2)  The  saving  of  the  labor  constantly  required 
for  cleaning  stoves  and  boiler  flues. 

(3)  The  saving  of  labor  and  materials  required 
for  repairs  to  stoves  necessitated  by  the  fluxing  effect 
of  the  solid  matter  in  uncleaned  gas  on  the  brickwork. 

(4)  The  much  longer  life  of  stove  linings  through 
the  absence  of  these  destructive  effects  of  uncleaned 
gas. 

(5)  The  much  greater  time  service  per  stove — 
and  per  boiler — through  the  elimination  of  lost  time 
for  cleaning  and  repairs. 

(6)  The  much  greater  possible  heating  surface 
per  unit  of  stove  volume  through  the  use  of  smaller 
checker  openings,  and  the  higher  efficiency  thus  ob- 
tainable. 

(7)  The  greater  regularity  in  blast  furnace  tem- 
peratures obtainable  through  the  maintenance  of  a 
higher  average  stove  efficiency. 

(8)  The  hot  blast  being  practically  free  from 
abrasive  dust  there  is  an  absence  of  its  cutting  (sand 
blast)  action  upon  the  linings  of  the  hot  blast  con- 
nections and  of  the  iron  and  steel  fittings  where  blast 
leaks  are  liable  to  occur. 

The  very  large  volumes  of  blast  used  in  modern  blast 
furnace  practice  naturally  necessitate  stoves  of  much 
greater  heating  surface  than  is  required  in  the  older  prac- 
tice. The  modern  hot  blast  stove  is,  therefore,  con- 
structed with  a  heating  surface  of  70,000  to  85,000  sq. 
ft. ;  checker  openings  are  from  3  in.  to  4  in.  in  diameter  or 
square,  enclosed  in  a  shell  20  to  22  ft.  in  diameter  and 
from  95  to  110  ft.  in  height.  There  are  usually  four 
stoves  per  furnace,  though  in  some  cases  seven  stoves  are 
provided  for  two  furnaces,  one  being  arranged  so  that  it 
may  be  used  on  either  furnace.  This  is  open  to  the 
objection  that  the  two  furnaces  may  at  times  both  need 
the  extra  stove  to  the  probable  disadvantage  of  one.  Each 
furnace  should  have  its  own  complete  equipment  when 
both  are  in  operation.  The  stove  shells  and  their  fittings 
and  connections  must  be  of  considerably  greater  strength 
than  in  the  older  constructions  to  withstand  the  higher 
pressures  they  are  subject  to,  and  the  latter  of  ample 
area  to  accommodate  freely  the  large  volume  of  air  and 
gas  passing  through  them. 

A  small  but  important  feature  in  modern  blast  fur- 
nace equipment  is  the  blast  temperature  regulating  pipe, 
which  consists  of  a  connection  between  the  cold  and  hot 
blast  mains.  The  purpose  of  this  connection  is  for  ad- 
mitting cold  blast  direct  into  the  hot  blast  main  to  enable 
the  regulation  of  the  blast  temperature,  usually  down- 
ward, when  required.  The  cold  blast  connection  may 
be  made  at  any  convenient  point  in  the  cold  blast  main, 
but  the  connection  into  the  hot  blast  main  should  be  at 
the  farthest  possible  point  from  the  furnace  to  intercept 
the  blast  from  the  nearest  stove,  in  order  that  the  cold 
and  hot  blast  may  have  as  great  as  possible  time  to  thor- 
oughly mix,  as  otherwise  there  is  danger  of  the  cold  and 
hot  blast  entering  the  bustle  pipe,  or  circular  main,  from 
which  the  tuyere  connections  are  fed,  not  thoroughly 
mixed,  when  some  of  the  tuyeres  will  receive  blast  of 
higher  temperature  than  others  with  consequent  uneven 
working  of  the  furnace. 

3.  The  Raw  Material  Supply  Plant. — While  unques- 
tionably economy  in  the  cost  of  handling  the  raw  mate- 
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rials  for  supplying  the  furnace  has  grown  to  be  a  first 
consideration  in  the  design  of  the  plant  under  this  head- 
ing, particularly  in  recent  years  of  higii  labor  costs,  the 
original  incentive  lo  the  adoption  of  mechanical  handling 
was  rather  one  of  necessity.  The  rapid  increase  in  blast 
furnace  outputs  necessitated  such  large  quantities  of  ma- 
terials that  they  could  not  be  efficiently  handled,  if  at 
all,  by  the  older  methods  of  manual  labor.  It  was  there- 
fore necessary  to  install  mechanical  charging  devices. 
Labor  displacement  rather  than  necessary  labor  saving 
was  the  primary  incentive,  though  the  latter  was  un- 
doubtedly recognized  as  an  important  consideration. 

.'\  very  important  labor  saving  feature  is  that  the  raw 
materials  shall  be  delivered  to  the  works,  when  by  rail, 
in  self  discharging  hopper  wagons  of  as  large  capacity 
as  possible,  with  "one  man"  opening  and  shutting  doors ; 
when  by  sea  direct  from  ship,  by  means  of  large  capacity 
grabs  to  a  transfer  traveling  bridge,  which  delivers  the 
material  so  received  direct  to  the  furnace  bins,  to  the 
stockyard  situated  adjacent  to  the  bins,  and  directly 
under  the  tran.-fer  bridge,  or  into  railway  cars.  The 
bins  usually  consist  of  a  double  row  of  slanting  bottomed 
enclosures,  constructed  of  steel  or  concrete,  varying  in 
number  according  to  varieties  of  ores  used,  and  running 
usually  in  a  direction  perpendicular  to  the  length  of  the 
transfer  bridge,  the  inclination  of  the  bottom  being 
towards  the  center  line  between  the  two  rows  of  bins 
and  at  an  angle  somewhat  greater  than  the  angle  of  re- 
pose of  the  materials.  The  bins  are  each  of  moderate 
capacity,  but  in  total  capacity  usually  sufficient  to  supply 
the  furnace  for  from  48  to  72  hours  only,  as  by  means 
of  the  transfer  bridge  ample  facilities  are  at  hand  to  keep 
them  filled  from  the  stock  piles  if  necessary.  Each  row 
of  bins  forms  the  support  for  a  standard  gauge  railway 
track  for  conveying  to  and  discharging  into  the  various 
bins  such  materials  as  are  received  in  railway  wagons. 
A  transfer  car  also  runs  on  this  track,  or  on  a  separate 
track  supported  by  the  bins,  for  distributing  the  mate- 
rials delivered  by  the  transfer  bridge  from  the  stock 
piles  or  direct  from  the  ships.  The  railway  cars  are 
elevated  to  the  roads  over  the  bins,  either  by  an  electric 
lift,  or  over  an  incline  where  there  is  sufficient  room,  the 
wagons  descending  to  the  ground  level  either  over  the 
same  inchne  or  a  similar  one  at  the  other  end  or  by  means 
of  a  wagon  drop. 

Below  and  on  the  center  line  between  the  double  row 
of  bins  there  runs  an  electric  transfer  car  for  conveying 
the  materials  from  the  bins  to  the  hoist  .skip  or  bucket. 
The  materials  are  discharged  from  the  bins  by  gravity 
into  a  receptacle  on  the  transfer  car,  through  suitably 
controlled  openings  situated  at  the  lower  limit  of  the 
inclined  bottoms  of  the  bins.  The  transfer  car  also  car- 
ries as  an  integral  part  of  it  a  weighing  machine, 
upon  the  beams  of  which  rests  the  receptacle  for 
receiving  the  materials  from  the  bins,  so  that  any 
predetermined  weight  of  material  may  be  discharged  into 
the  transfer  car  receptacle  from  any  particular  bin.  The 
whole  of  the  operations  in  connection  with  the  transfer 
car  are  carried  out  by  the  driver  of  the  car,  whose  posi- 
tion is  such  that  he  has  under  his  control  and  observation 
the  discharge  of  the  materials  from  the  bins,  the  weigh- 
ing of  the  materials,  and  the  driving  of  the  car.  The 
capacity  of  the  transfer  car  is  such  that  it  can  deliver  in 
each  trip  a  quantity  equal  to  the  maximum  load  of  the 
hoisting  skip  or  bucket. 

Various  means  are  in  use  for  assuring  that  the  mate- 
rials are  well  distributed  as  they  discharge  into  the  trans- 
fer car  receptacle.  From  this  receptacle  the  materials 
are  discharged  through  a  suitably  controlled  door  in  the 


bottom  into  the  hoist  receptacle,  or,  as  in  some  arrange- 
ments, the  transfer  car  receptacle  is  hoisted  direct  from 
its  seat  on  the  car  to  the  top  of  the  furnace. 

Several  methods  of  hoisting  the  materials  to  the  top 
of  the  furnaces  are  in  use  in  modern  blast  furnace  equip- 
ment, which  may  be  divided  into  two  classes — the  skip 
inclined  hoist  and  the  tub  or  bucket  hoist,  the  latter  con- 
sisting of  either  an  inclined  bucket  hoist,  or  a  vertical 
bucket  hoist  with  a  horizontal  transfer  bridge  at  the  top. 
As  usual  where  several  methods  are  in  use  for  doing 
the  same  thing,  engineers  and  operators  differ  as  to 
which  provides  the  greatest  number  of  desirable  features 
for  its  purpose.  As  far  as  this  paper  is  concerned,  how- 
ever, the  purpose  is  the  same  in  each  method,  and  the 
author  does  not,  therefore,  propose  to  enter  into  a  dis- 
cussion of  their  relative  merits. 

That  purpose  is  obviously  to  deliver  the  solid  raw 
materials  required  in  the  production  of  pig  iron  to  the 
top  of  the  furnace,  and  to  distribute  them  as  uniformly 
as  possible  on  and  around  the  furnace  charging  bell.  This 
is  a  feature  of  the  greatest  importance,  as  has  been  shown 
in  the  discussion  of  the  question  of  distribution  undei 
the  section  on  Preparation  of  Materials. 

4.  Tlie  Output  Disposal  Plant. — The  principal  out- 
put from  a  blast-furnace  is,  of  course,  pig  or  molten 
iron,  the  others  being  slag  and  gas. 

With  modern  blast-furnace  equipment  the  pig,  or 
casting,  bed  has  ceased  to  exist  as  an  essential  part 
of  the  furnace  equipment,  the  whole  of  the  output  being 
run  into  ladle  cars  of  varying  capacity,  from  the  simple 
open  top  type  of  30  or  more  tons  to  the  large  enclosed 
type  of  lOo  or  more  tons  capacity,  though  in  some 
cases  even  the  use  of  hot  metal  ladle  cars  is  eliminated, 
as  will  be  described  later  in  connection  with  the  cast- 
ing machine.  When  the  molten  metal  is  taken  to  the 
steelworks  receiver  or  mixer  there  is  an  end  of  it  as 
far  as  the  blast-furnace  is  concerned,  excepting  when 
the  quality  is  not  satisfactory  to  the  steelworks  man- 
ager. When  all  or  any  portion  of  the  output  is  required 
in  the  form  of  pigs,  the  molten  metal  is  run  into  ladle 
cars  for  conveyance  to  a  casting  machine,  which  is  usu- 
ally located  at  some  point  away  from  the  furnace,  con- 
venient to  railway  connections,  or  as  in  some  more 
recent  arrangements,  the  casting  machine  is  located  ad- 
jacent to  the  furnace,  the  molten  metal  being  run  direct 
into  a  receiver  from  which  it  is  teemed  into  the  cast- 
ing machine  feeding  troughs,  thus  eliminating  the  ne- 
cessity for  hot  metal  ladle  cars,  except  for  such  molten 
metal  as  is  required  for  steel-making. 

Though  several  types  of  pig-casting  machines  have 
been  designed,  the  original  or  Uhling  design,  with  vari- 
ous modifications  and  improvements  for  handling  the 
molten  and  cold  metal,  is  the  type  most  usually  in- 
stalled at  present.  This  machine  consists  of  an  endless 
chain  of  cast-iron  moulds  of  about  100  lbs.  capacity 
each,  and  of  a  shape  to  allow  a  free  discharge  of  the 
cold  metal.  The  moulds  are  key  bolted  to  a  flexible 
frame  carried  on  small  flanged  wheels  which  run  on  an 
inclined  way  rising  from  the  nouring  end.  The  molten 
metal  is  poured  from  the  ladles,  which  are  tilted  by 
a  power  device,  into  a  shallow  basin  from  which  it  runs 
through  feeding  troughs  into  the  moulds  as  they  rise 
slowly  from  their  return  journey  and  pass  under  the 
discharge  end  of  the  troughs.  To  prevent  the  molten 
metal  burning  or  sticking  to  the  moulds,  they  are  coat- 
ed with  a  solution  of  limewater,  which  is  sprayed  upon 
them  as  they  return  to  the  pouring  end  upside  down, 
under  the  machine,  the  limewater  being  blown  upward 
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by  air  jets  in  the  lime  tank.  Owing  to  the  heat  of  the 
moulds  they  quickly  dry  in  readiness  for  the  molten 
metal  before  they  reach  the  feeding  troughs.  At  the 
upper  end  of  the  train  of  moulds  as  they  turn  over  to 
begin  their  return  journey,  the  metal,  which  by  this 
time  has  solidified  (the  incline  is  designed  of  sufficient 
length  for  this  purpose),  freely  falls  from  the  moulds 
on  to,  a  shute  from  which  it  discharges  either  direct 
into  steel-bodied  cars  where  it  is  water-sprayed  for 
cooling,  or  on  to  an  inclined  travelling  endless  plate 
conveyor  which  passes  with  its  burden  of  hot  pigs 
through  a  water-rilled  tank  of  a  length  sufficient  to 
cool  the  pigs  below  the  ignition  point  of  wood.  At  the 
upper  end  of  the  conveyor  as  it  turns  for  the  return 
journey  the  cold  pigs  slide  oft"  into  a  shute  and  are  dis- 
charged into  railway  wagons. 

Machines  are  built  single  strand  or  multiple  strand 
according  to  the  capacity  required,  each  strand  consist- 
ing of  a  single  chain  of  moulds  having  a  capacity  of 
roughly  500  tons  per  24  hours. 

While  the  structural  parts  of  these  machines  were 
formerly  built  entirely  of  steel  they  are  now  construc- 
ed  of  ferro-concrete,  owing  to  its  more  lasting  qualities 
and  lower  cost.  In  addition  to  the  necessary  facilities 
which  it  provides  for  casting  the  large  outputs  of  the 
modern  blast-furnace,  the  pig-casting  machine,  the 
successful  and  satisfactory  operation  of  which  has  been 
thoroughly  demonstrated  through  many  years  of  use, 
has  very  much  simplified  the  handling  of  molten  pig 
iron  by  eliminating  the  many  objectionable  features 
of  the  older  method  of  casting  in  sand  beds,  and  break- 
ing by  hand  or  by  hydraulic  or  electrical  pig-breaking 
machines,  besides  effecting  considerable  economy  of 
labor  and  saving  in  waste. 

The  disadvantages  of  sand-bed  casting  and  the  ad- 
vantages of  the  machine  method  of  handling  molten 
pig  iron  may  be  enumerated  as  follows : 

Disadvantages  of  the  sand-casting  method: 

(1)  Difficult  and  high-priced  labor  required. 

(2)  Large  quantities  of  clean  sand  required. 

(3)  Imperfect  results,  core  jumps,  plated  beds, 
irregular  breaking,  and  irregularity  in  sizes  of  pigs 
and  sows. 

(4)  Heavy  waste  in  runner  scrap. 

(5)  Slower  melting  of  sand-covered  pigs,  and 
cost  of  melting  the  sand  on  the  pigs,  in  the  steel 
furnace. 

(6j   Deleterious    effects    of    sand-covered    iron    in 

basic  steel  furnaces. 

Advantages  of  the  pig-casting  machine  method: 

(1)  Immediate  removal  of  molten  metal  from 
the  immediate  vicinity  of  the  blast-furnace.  (This, 
of  course,  does  not  apply  where  the  metal  is  ruti 
direct  into  a  receiver  adjacent  to  the  furnace,  as 
above  described ;  but  the  author  believes  this  ar- 
rangement has  not  yet  been  widely  adopted,  and  is 
of  opinion  that,  notwithstanding  the  slightly  extra 
cost  of  ladle  cars,  it  is  better  to  remove  the  molten 
metal  to  a  safer  distance,  in  view  of  the  disturbances 
which  sometimes  occur  in  the  immediate  vicinity  of 
blast-furnaces  through  breakouts,  explosions,  etc.) 

(2)  Practically  no  manual  labor  required. 

(3)  Sand-free  iron. 

(4)  Uniform  size  of  pigs  of  iron,  and  no  heavy 
sow  pieces. 

(5)  Facilities  for  disposal  of  the  output  always 
in  readiness. 


(6)  Great  reduction  in  runner  scrap  produced 
when  casting. 

(7)  Saving  labor  charges. 

(8)  No  core-jumps  or  plated  beds  (unsaleable 
iron  requiring  extra  labor  for  breaking  and  hand- 
ling). 

(9)  A  difficult  and  very  trying  class  of  labor  is 
dispensed  with. 

(10)  Where  week-end  iron  only  is  cast,  the  dif- 
ficulty of  finding  special  labor  for  these  days  only 
is  eliminated. 

A  discussion  of  this  heading  would  not  be  complete 
without  reference  to  the  slag  and  gas,  both  of  which 
form  part  of  the  furnace  output. 

While  there  are  no  special  methods  of  slag  disposal 
which  may  properly  be  said  to  apply  particularly  to 
modern  blast-furnace  practice,  it  may  not  be  amiss  to 
refer  to  some  of  the  methods  in  use  at  modern  plants. 

The  most  usual  method  is,  of  course,  that  which  is 
now  generally  used  at  all,  except  the  oldest,  layouts 
(where  the  slag  is  still  run  into  beds,  allowed  to  cool, 
then  broken  by  hand  or  drop  ball,  and  shovelled  into 
wagons),  that  is,  by  means  of  large  capacity,  self-dis- 
charging, mechanically  operated  slag  ladle  cars,  in 
which  the  slag  is  conveyed  to  some  point  more  or  less 
distant  to  get  it  out  of  the  way. 

Where,  however,  recovery  of  the  slag  is  desired  for 
special  commercial  purposes,  special  methods  are  used, 
such  as  blowing  steam  through  the  molten  slag  for 
the  production  of  slag  wool ;  running  the  molten  slag 
into  tanks  of  water  for  granulating  for  cement  making 
or  other  uses ;  running  into  special  receptacles  and 
cooled  in  layers  for  producing  a  solid  product  for  con- 
crete making,  etc.  As  stated,  these  processes  are  for 
special  purposes,  and  do  not  apply  generally. 

With  regard  to  the  gas  there  are  a  few  points  also 
which  may  be  mentioned. 

In  view  of  the  large  volumes  of  gas  produced  in 
modern  furnaces  with  large  outputs,  it  is  of  great 
importance  that  ample  areas  shall  be  provided  in  the 
gas  out-takes  at  the  furnace  top,  not  only  to  provide 
for  the  large  volume  of  gas  to  be  discharged  through 
them,  but  also  to  reduce  its  velocity  to  a  minimum,  in 
order  to  lessen  as  much  as  possible  the  tendency  for 
the  smaller  particles  of  solid  materials  to  be  mechani- 
cally carried  out  with  the  gas.  For  this  purpose  it  is 
usual  to  provide  four  equally  distant  outlets  of  the 
largest  size  consistent  with  structural  safety.  These 
outlet  connections  are  inclined  as  steeply  as  possible 
upward,  and  are  carried  well  above  the  furnace  top 
before  the  gas  is  admitted  to  the  downward  connec- 
tions, in  order  that  any  larger  materials,  which  may 
at  times  be  projected  from  the  furnace,  may  fall  back 
into  it  and  not  enter  the  downtakes. 

In  some  designs  bafHes  are  placed  in  the  elbow 
of  the  uptakes  in  such  a  position  that  they  will  inter- 
cept these  heavier  pieces,  thus  avoiding  the  necessity 
for  carrying  the  uptakes  so  high.  A  further  reason  for 
the  multiple  equidistant  outlets  is  to  prevent  any  ten- 
dency of  the  gases  in  the  upper  portion  of  the  furnace 
to  channel  towards  one  side,  as  they  tend  to  do  in 
older  furnaces  with  one  outlet,  thus  reducing  the 
active  area  in  the  upper  reducing  zone  of  the  furnace. 

Method  of  Operation. 

In  the  foregoing  pages  the  author  has  endeavored 
to  define  in  some  detail  those  factors  which  enter  into, 
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and  make  [)ossihle,  modern  blast-furnace  practice.  The}- 
are  tlie  elements  out  of  the  adoption  of  which  that 
practice  has  develoi)ed.  He  has  therefore  designated 
them  "The  Bases  of  Modern  Blast-Furnace  Practice." 

Certain  operative  features  have  necessarily  been 
referred  to  in  connection  with  the  discussion  of  these 
factors ;  but  so  manj'  of  the  details  of  operation,  or 
management  of  a  blast-furnace,  are  based  on  practical 
knowledge,  acquired  only  by  years  of  experience  and 
common  sense,  that  any  detailed  discussion  of  them 
is  not  possiI)le  in  a  pa[)cr  of  this  nature. 

It  would  not,  however,  be  complete  without  some 
reference  to  an  essential  difTerence  in  the  method  of 
operation  by  which  the  improvements  in  results,  made 
possible  by  the  adoption  of  these  factors,  are  obtained, 
and  the  method  of  ojicration  still  prevalent  in  many 
localities  where  modern  ])ractice  has  not  been  adojjted. 
In  modern  practice  the  iicarest  possible  approach  to 
uniforniit}-  in  all  controllable  factors  is  a  first  principle 
in  order  to  obtain  the  nearest  possible  approach  to 
uniformity  of  action  within  the  furnace.  Reference  has 
already  been  made  to  the  importance  of  this  question 
of  uniformity  in  various  connections,  including  uni- 
formity or  regularity  of  blast  volume,  irrespective  of 
furnace  pressure  or  resistance.  In  the  older  practice 
just  referred  to  as  still  prevalent  in  many  localities,  the 
volume  of  blast  is  varied  with  the  furnace  resistance, 
that  is,  the  varying  conditions  within  the  furnace  are 
permitted  to  cause  lack  of  uniformity  or  irregularity 
in  the  volume  of  blast  delivered  to  the  furnace.  This 
method  being  contrary  to  the  principle  of  uniformity 
of  all  controllable  factors  is  totally  inapplicable  to 
modern  practice. 

As  the  principle  involved  in  the  comparison  of  these 
two  methods  of  operation  were  outlined  in  some  detail 
in  the  author's  evidence  before  the  Iron  and  Steel  In- 
dustries Committee,  he  will  not  state  them  here.  Suf- 
fice it  to  say  that  blowing  by  constant  volume  irre- 
spective of  furnace  resistance  is  the  method  of  opera- 
tion essentially  employed  in  modern  blast-furnace 
practice. 

The  actual  volume  of  blast  per  minute,  the  number, 
size,  and  length  of  projection  of  the  tuyeres  inside  the 
crucible  walls,  the  weight  of  coke  per  round  of  charge, 
the  rotation  of  coke,  ore,  and  flux  in  the  charge,  the 
degree  of  bosh  wall  cooling,  etc.,  are  all  operating  con- 
ditions determinable,  for  any  particular  furnace  and 
set  of  materials,  within  certain  limits  by  experience 
only. 


BOOK  REVIEW 

Methods  of  the  Chemists  of  the  United  States  Steel 
Corporation  for  the  Sampling  and  Analysis  of  Pig  Iron. 

Ed.  2,  40  Images,   1922.     Carnegie  Steel  Com])any,  Bu- 
reau of  Instruction,  Pittsburgh. 

In  1896  a  committee  of  the  Engineers'  Society  of 
Western  Pennsylvania  edited  and  published  "Methods 
for  the  Analysis  of  Ores,  Pig  Iron  and  Steel  in  Use  at 
the  Laboratories  of  Iron  and  Steel  Works  in  the  Region 
about  Pittsburgh,  Pa."  The  chairman  of  the  editorial 
committee  was  the  late  Dr.  Francis  C.  Phillips,  and 
the  methods  contributed  bear  the  names  of  some  of 
Pittsburgh's  most  eminent  metallurgists:  the  first  two 
contributions,  for  example,  are  by  John  S.  Unger  and 


l'"rederick  Crabtree  who  25  years  ago  were  in  charge  of 
local  steel-works  laboratories.  Some  20  i)ages  are  con- 
tributed by  J.  M.  Camp,  but  these  contributions  do 
not  adequately  indicate  Mr.  Camp's  connection  with 
the  enterprise.  He  was  in  a  large  measure  responsible 
for  the  project  of  compiling  and  publishing  the  collect- 
ed methods;  he  arranged  for  the  editorial  services  of 
Dr.  Phillips;  and  the  influence  of  his  own  practice  dur- 
ing a  long  exjjerience  in  local  laboratories  is  reflected 
ill  certain  contributions  from  otlur  sources. 

The  above  publication  was  a  ])raise worthy  attempt 
to  record  the  general  practice  in  laboratories  in  the 
greatest  steel-making  center  of  .America.  In  many 
laboratories  it  has  been  superseded  by  the  "Methods" 
of  the  chemists'  committee  of  the  United  States  Steel 
Corporation.  This  committee  was  formed  in  1907  to 
standardize  practice  in  the  laboratories  of  the  corpora- 
tion, and  J.  M.  Camp,  formerly  chief  chemist  of  the 
I  )uquesne  W'orks  of  the  Carnegie  Steel  Company,  was 
appointed  chairman. 

The  "Methods"  of  the  Chemists'  Committee  have 
a]ipeared  in  eight  pamphlets  each  dealing  with  one  defi- 
nite problem  in  steel-works  analysis.  One  of  the  earlier 
(if  these,  concerned  with  the  sampling  and  analysis  of 
]iig  iron,  was  ]:)ul)lishcd  in  1912  as  a  pamphlet  of  34 
pages.  Its  value  was  immediately  recognized  and  ap- 
proximately 1,500  copies  were  distributed.  But  during 
the  ])ast  decade  numerous  shortcuts  and  refinements 
have  been  made  in  steel-works  analysis,  and  many  oi 
the  methods  set  forth  in  the  original  pamphlet  no 
longer  represent  the  best  modern  practice.  The  new 
edition,  just  published,  has  been  largeh'  rewritten.  In 
its  pre])aration  the  Chemists'  Committee  canvassed  the 
various  laboratories  of  the  corporation  and  gave  due 
consideration  to  all  improvements  in  methods  appear- 
ing in  the  original  edition.  One  noteworthy  advance 
featured  in  the  new  edition  is  the  distinct  improvement 
in  carbon  combustion  apparatus. 

Directions  are  clear  and  concise,  and  accompanied 
by  drawings  where  necessary,  as  in  the  case  of  the  test- 
piece  and  mold  for  sampling  molten  pig  iron.  Though 
intended  for  trained  chemists,  there  is  a  brief  state- 
ment regarding  the  character  and  use  of  reagents. 

The  chairman  of  the  Chemists'  Committee,  J.  M. 
Camp,  is  in  charge  of  the  Bureau  of  Instruction  of  the 
Carnegie  Steel  Company,  and  his  experience  in  the  in- 
struction of  employees  of  this  company,  coupled  witli 
his  lengthy  technical  experience  is  doubtless  largely 
responsible  for  the  value  of  the  methods  and  the  ex- 
cellence of  their  presentation.  It  is  interesting  to  note 
the  personnel  of  the  sub-committee  with  whose  co- 
operation the  present  pamphlet  is  produced.  The 
original  suh-coinmittee  in  1912  consisted  of  W.  B.  N. 
Hawk,  \\'illiam  Brady,  and  C.  H.  Rich.  The  first  two 
of  these  men  are  retained  on  the  present  sub-commit- 
tee. C.  H.  Rich  (deceased)  was  in  1912  chief  chemist 
of  the  Clairton  works  of  the  Carnegie  Steel  Company. 
He  was  succeeded  in  that  position  by  I.  A.  Nicholas 
who  was  later  succeeded  by  IT.  E.  Cambell  who  con- 
stitutes the  third  member  of  the  present  sub-committee. 

The  pamphlet  is  obtainable  from  the  Bureau  of 
Instruction,  Carnegie  Steel  Company,  Carnegie  Build- 
ing, Pittsburgh. 

E.  H.  McClelland, 
Technology  Librarian. 
Carnegie  Library, 
Pittsburgh,  Pa. 
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By-Product  Coking  with  Particular 

Reference  to  New 

Combination 

Oven 

Comparison  of  American  and  Euro- 
pean Methods  of  Coking,  Giving  Rea- 
sons for  Superiority  of  Our  Practice. 
Description  of  the  New  Koppers  Oven. 

By  JOSEPH  BECKER 


Fig.  1 — Coke  produced  from  100  per 
cent  Yorkshire  coal  coked  at  Sea- 
board By-Product  Coke  Company. 


Fig.  2 — Coke  produced  at  Seaboard 
By-Product  Coke  Company  from 
100  per  cent  Durham  coal. 


BEFORE  entering  into  the  subject  of  this  paper, 
perhaps  it  would  be  well  to  mention  briefly  the 
remarkable  development  which  has  taken  place 
in  the  by-product  coke  industry  in  the  United  States 
in  the  past  decade,  particularly  in  its  relation  to  the 
iron  and  steel  industry  with  which  it  is  so  closely 
identified. 

Not  quite  15  years  have  elapsed  since  the  United 
States  Steel  Corporation  installed  its  first  by-product 
coke  plant  of  Koppers  design,  at  Joliet,  111.,  and  since 
blast  furnace  operators  were  looking  with  doubt  and 
suspicion  on  the  by-product  coke  oven  as  a  source 
of  blast  furnace  fuel ;  but  in  this  comparatively  short 
time,  the  by-product  coke  oven  has  come  to  be  an 
essential  part  of  an  economically  operated  iron  and 
steel  plant.  It  is  not  necessary  for  us  to  go  into  the 
causes  leading  up  to  this  development — they  are  too 
well  known  to  require  even  mentioning — but  it  is 
only  fair  to  say  that  this  result  was  only  possible 
through  the  close  co-operation  which  blast  furnace 
operators  have  extended  to  those  of  us  who  had  to  do 
with  the  operation,  construction  and  design  of  by- 
product coke  ovens. 

American  By-Product  Coke  Oven  Practice 
Superior. 

It  is  no  idle  boast  to  say  that  America  By-Product 
Coke  Oven  practice  leads  the  world  today — this  despite 
the  fact  that  the  by-product  coke  oven  originated  and 
was  in  general  use  on  the  continent  before  it  was  even 
thought  of  in  the  United  States.  The  writer  had  an 
opportunity  last  year  to  visit  Europe  and  to  study 
European  by-product  coke  oven  operation  very  care- 
fully and  what  he  saw  convinced  him  that  from  the 
standpoints  of  quantity  production  per  oven  per  day 
and  quality  of  product,  European  practice  is  many 
years  behind  us.  That  very  little,  if  any,  progress 
has  been  made  there  in  the  past  10  or  15  years  is 
brought  out  very  clearly  in  an  article  in  the  September 


♦From  a  paper  presented  before  the  Eastern  States  Blast  Fur- 
nace and  Coke  Oven  Association  at  Buffalo,  N.  Y.,  October  5, 
entitled,  "Modern  By-Products  Cokinpr  with  Particular  Refer- 
ence to  the  Koppors  Company  New  Combination  Oven  A."  The 
author  is  Consulting  Engineer,  The  Koppers  Company,  Pitts- 
burgh, Pa. 


2nd  issue  of  "The  Gas  World"  of  London,  describing 
an  installation  of  100  ovens  for  the  purpose  of  carboniz- 
ing 540  tons  of  coal  per  day.  This  article  goes  on  to 
say  that  the  plant  previously  consisted  of  100  horizontal 
flued  waste  heat  ovens  which  have  been  in  operation 
for  15  years.  These  ovens  have  a  capacity  of  7  tons 
and  the  100  ovens  carbonizing  500  tons  of  dry  slack  coal 
per  24  hours.  This  would  be  equivalent  to  31  hours 
coking  time.  The  additional  100  ovens  recently  com- 
pleted are  of  the  vertical  flued  type,  and  have  a  capacity 
of  7y2  tons  each  with  a  carbonizing  capacity  of  540 
tons  of  dry  slack  per  day.  This  would  be  equivaJent  to 
a  coking  time  of  about  33  hours.  This  very  strikingly 
shows  that  at  least  on  this  plant  no  progress  has  been 
made  with  respect  to  increasing  the  coking  capacity 
per  oven.  It  is  remarkable  that  after  15  years  a  new 
plant  is  built  which  has  even  less  carbonizing  capacity 
per  oven  per  day  than  the  old  plant,  in  spite  of  the 
enormous  progress  that  has  been  made  in  the  United 
States  during  the  same  period  in  the  way  of  increasing 
oven  cnjKicity.  This  is  merely  citing  one  instance  of 
English  coking  practice  and  the  majority  of  English 
coke  plants  operate  imder  very  similar  conditions.  One 
wonders  why  conditions  are  not  changed  in  England, 
in  view  of  the  large  number  of  visitors  who  come  to 
the  ITnited  States  every  year  to  investigate  our  by- 
product coke  plants. 

The  writer  has  observed  similar  things  during  his 
last  year's  visit  in  Germany.  There  have  been  re- 
centlv  put  into  operation  ovens  of  the  Koppers  type, 
which  are  heated  with  blast  furnace  gas  and  which  are 
supposed  to  operate  on  18  hours  coking  time.  These 
have  an  average  width  of  about  16  inches  and  a  length 
of  about  32  feet  between  doors,  making  a  carbonizing 
capacity  of  about  14^  tons  per  oven  per  day.  This 
is  very  likely  the  largest  capacity  of  any  type  oven  of 
similar  dimensions  in  Europe.  However,  even  this 
capacit}'  is  low  when  compared  with  American  coke 
oven  capacities.  Modern  American  ovens  carbonize 
more  than  donbl'"  the  quantity  of  coal  per  dav  that 
can  be  coked  in  ovens  as  built  in  Germany  and  Eng- 
land. The  Koppers  Company  has  recentlv  contracted 
to  build  a  plant  to  carbonize  1,000  tons  of  coal  per  24 
hours  in  37  ovens.    The  ovens  are  designed  to  carbonize 
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30  net  tons  of  coal  per  oven  per  day,  and  are  of  a  type 
to  be  described  later  in  this  paper. 

The  question  now  arises — what  is  the  reason  for 
this  great  difTcrcnce  in  cokinp  speeds?  Many  iiave 
been  advanced  by  our  European  contemporaries,  the 
most 'prevalent  of  which  is  that  they  have  to  carbonize 


FTG.  3. 
Cdkc  section   100  /rr  cent   Durha;:i   coal  cohed    at    Seaboard 
By-Product  Coke  Company. 

wet  washed  coals  and  that  this  makes  it  impossible 
for  them  to  attain  the  same  coking-  speeds  possible 
here.  This  does  not  sound  quite  reasonable,  and  fur- 
thermore it  is  a  fact  that  several  plants  in  this  country 
are  using  washed  coals  averaging  12  per  cent  moisture 
and  more,  and  carbonizing  them  in  from  15  to  17  liours 
in  Koppers  ovens  averaging  17  inches  in  width. 

Another  reason  given  is  that  the  character  of  their 
coals  is  quite  different  from  those  found  here.  The 
writer  has  made  an  examination  of  the  analysis  and 


mtw%:;^ 


FIG.  4. 
Coke  from  Yorkshire,  England,  coal  coked  in  five-oven  bat- 
tery at  Chicago  in  11  hours. 

coking  qualities  of  the  various  coals  found  there,  and 
in  general  they  correspond  very  closely  to  the  coals 
found  in  this  country — so  this  argument  does  not  seem 
to  hold. 

Most   striking  proof  of   the  fallacy   of  both   thefee 
arguments   was  given   during  our   recent  coal   strike, 


where  several  companies  operating  by-product  coke 
plants  imported  large  quantities  of  English  coals  to 
avoid  curtailing  operations.  The  Seaboard  By-Product 
Coke  Company  at  Jersey  City,  N.  J.,  received  over 
100,000  tons  of  English  coals  such  as  Yorkshire  and 
Durham  coals,  and  coked  them  in  16  hours  continuous- 
ly with  the  same  ease  as  American  coals  of  different 
varieties  used  there,  producing  coke  of  very  good 
quality  for  metallurgical  purposes  (see  Figs.  1,  2  and 
3).  About  100  tons  of  Yorkshire  and  Durham  coals 
were  sent  to  the  Chicago  By-Product  Coke  Company's 
Coke  Plant  and  separate  coking  tests  were  made  m 
the  new  five-oven  l^attery.  These  coals  were  perfectly 
coked  at  a  coking  time  of  11  hours,  without  the  slight- 
est difficulty,  and  the  coke  produced  was  just  as  good 
for  blast  furnace  use  as  any  coke  made  in  the  Pitts- 
burgh District  from  Pittsburgh  coals  (see  Figs.  4  and 
5).  The  capacity  of  this  oven  on  these  coals  is,  there- 
fore, 25  net  tons  per  oven  per  day. 

Unquestionably  one  reason  for  their  not  being  able 
to  attain  our  coking  speed  is  the  fact  that  they  do  not 
generally  use  silica  construction.  On  the  other  hand 
there  are  ovens  of  this  material  over  there ;  but  these 
have  not  attained  anything  approaching  American 
practice. 


FIG.  5. 
Coke   from   Durham    coal    coked    in   five-oven    battery   in 
hours  at  Chicago. 
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Reasons  for  Superiority  of  American  Practice 
Over  Foreign. 

In  the  writer's  judgment,  the  dift'erence  in  capacity 
of  the  American  ovens  as  compared  with  those  in 
Europe  is  due  entirely  to  the  proper  use  of  properly 
manufactured  silica  material  throughout,  combined 
with  better  design,  and  last  but  not  least,  better  operat- 
ing organizations  and  more  systematic  operation. 

The  organizations  operating  the  coke  ovens  in 
America  consist  generally  of  technically  trained  men 
with  good  practical  experience,  the  latter  not  being 
generally  the  case  in  Europe.  American  operators 
have  more  tenacity  in  solving  problems  and  difficulties 
in  organization  and  operation  in  order  to  attain  greater 
capacities  from  their  plants  and  do  not  offer  excuses 
for  inability  to  maintain  a  high  output  as  is  done 
abroad.  One  of  the  most  important  features  of  organi- 
zation to  be  found  in  American  coke  plants  is  the 
strikingly  systematic  operation  of  the  ovens.  Ovens 
are  heated  by  intelligent  heaters  and  most  of  the 
assistants  and  superintendents  of  American  plants 
have  passed  through  the  entire  school  of  by-product 
coke  oven  operation,  beginning  as  heaters.  Even  in 
cases  where  this  is  not  so,  the  assistants  and  superin- 
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tendents  fully  realize  the  importance  of  oven  heating 
and  consider  the  oven  operation  the  "heart"  of  the 
entire  by-product  coke  plant.  In  European  operation, 
on  the  other  hand,  insufficient  talent  and  talent  of  a 
lower  quality  are  employed  to  take  care  of  the  ovens. 
The  result  is  that  coke  oven  batteries  need  frequent 
repairs  and  relining,  often  after  only  three  to  five  years 
of  operation.  In  making  thi.s  statement,  I  do  not  refer 
to  plants  using  highly  expanding  coals  or  coals  con- 
taining excessive  amounts  of  sodium  chloride  which 
are  coked  in  clay  ovens  instead  of  in  silica  ovens.  The 
usual  class  of  heaters  employed  in  Europe  are  men  who 
are  nut  acquainted  with  combustion  problems  and  who 
operate  the  ovens  by  rule  of  thumb  methods.  In  most 
plants,  it  will  be  found  that  there  is  no  pushing  schedule 
at  all.  Ovens  are  picked  out  and  pushed  as  they  be- 
come ready  so  that  it  can  be  stated  as  a  general  rule, 
the  ovens  on  the  Continent  operate  the  heaters,  while 
in  America  the  heaters  operate  the  ovens.  Taking  all 
these  things  together,  the  result  is  that  America  can 
make  the  same  quantity  of  coke  from  the  same  coals 
in  less  than  one-half  the  number  of  ovens. 

Another   excuse    usually    offered    is    that   with    our 
fast  operation  we  destroy  by-products.    The  writer  had 
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FIG.  6. 
A   heat  progression   chart  for  the  old  type  Koppers  oven. 

an  opportunity  to  investigate  this  and  finds  that  the 
by-product  yields  here  are  fully  equal  to  those  obtained 
in  Europe. 

The  same  inefficient  operation  described  above  can 
be  found  in  European  blast  furnace  practice  and  the 
poor  operation  of  their  by-product  coke  plants  is  a 
great  contributing  factor  thereto.  In  America  there 
is  the  closest  co-operation  between  blast  furnace  and 
coke  oven  operators. 

As  is  usual  in  American  industrial  practices  the 
natural  tendency  in  the  building  of  coke  ovens  has 
been  to  attain  a  maximum  capacity  per  unit  oven  while 
simultaneously  producing  a  good  quality  of  coke. 
Therefore  the  development  in  America  has  been  a 
gradual  increase  in  the  size  of  the  ovens.  The  use  of 
high  grade  silica  throughout  the  structure  has  reduced 
the  time  required  for  coking  very  considerably  as  com- 
pared with  the  use  of  clay  bricks.  But  beyond  the 
increase  of  capacity  an  improvement  of  the  design  of 
the  ovens  proper  was  necessary  that  long  and  high 
ovens  could  be  built  with  proper  heat  distribution 
over  the  considerably  increased  coking  areas. 


The  problem  of  designing  ovens  which  would  as- 
sure a  perfect  distribution  of  heat  over  such  large 
areas  was  a  difficult  one.  A  great  number  of  coke 
plants  were  desirous  of  coking  100  per  cent  high  vola- 
tile coals.  The  blast  furnace  practice  showed  that  coke 
made  from  such  coals  should  be  pushed  at  relatively 
lower  temperatures.  When  pushing  coke  made  at  low 
temperatures,  any  uneven  heating  conditions  in  the 
ovens  becomes  much  more  pronounced  and  visible  than 
when  pushing  hot  coke.  I-'urthermore,  it  is  a  matter 
of  course  that  the  heating  system  of  ovens  of  large  ca- 
pacities has  to  allow  passage  of  larger  volumes  of  gas 
such  as  waste  products  of  combustion  through  their 
flues.  This  calls  for  proportionately  larger  areas  to 
convey  such  gases,  in  order  to  prevent  great  pressure 
drops  throughout  the  heating  system,  which  would 
seriously  interfere  with  the  proper  operation  of  the 
ovens. 

The  Koppers  ovens  with  individual  regeneration 
and  flame  heating  in  the  flues  produce  very  good  coke 
in  ovens  of  the  capacity  commonly  in  use  today.  The 
heating  from  the  bottom  up  to  the  horizontal  flue  is 
practically  uniform,  however,  the  region  of  the  hori- 
zontal flue  lags  behind  in  coking.    Fig.  6  shows  a  typi- 
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FIG.  7. 
Heat  progression  chart  for  coke  oven  ivith  xvaste  heat  return. 

cal  progression  of  temperature  into  the  coal  charge  at 
various  places  in  such  an  oven.  These  readings  were 
taken  by  inserting  thermo-couples  through  the  Pusher 
side  door  four  feet  into  the  coal  charge  ;  one  was  located 
two  feet  above  the  oven  floor,  one  just  below  the  hori- 
zontal flue  and  another  one  at  about  the  center  line 
of  the  horizontal  flue.  The  figures  given  herein  are 
an  average  of  a  great  number  of  readings  and  exhibit 
in  general  the  conditions  as  they  exist  in  practically 
all  the  Koppers  coke  ovens  which  are  heated  reason- 
ably well  and  operated  to  capacity.  This  indicates 
that  the  space  occupied  by  the  horizontal  flue  is  quite 
appreciable  and  the  amount  of  coke  in  the  upper  region 
of  the  ovens  being  affected  by  the  location  of  the  hori- 
zontal flue  is  an  appreciable  percentage  of  the  total 
coke  made.  This  condition  is  tolerable,  particularly 
when  the  ovens  are  pushed  without  waiting  until  the 
upper  part  is  thoroughly  coked,  and  such  coking  opera- 
tions with  these  ovens  have  given  very  good  blast 
furnace  results.  These  ovens  have  an  average  capacity 
of  about  18  to  19  net  tons  of  coal  per  24  hours. 

It  will  be  interesting  to  know  the  results  of  an  in- 
vestigation of  the  heat  progression  in  the  coking  charge 
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in  an  oven  that  was  designed  for  17  hours'  operation 
but  operated  In'twccn  2,?  and  24  hours.  Such  tests 
were  made  at  the  Seaboard  By-Product  Coke  Com- 
pany's plant  by  inserting  thermo-couples  in  the  coal 
charge  in  the  same  way  as  in  the  tests  described  be- 
fore. The  test  disclosed  that  on  that  coking  time  the 
lower  part  of  the  oven  coked  decidedly  faster  than  the 
part  below  the  horizontal  flue.  When  the  lower  part 
of  the  coke  reached  the  temperature  of  1,890  deg.  F.,  the 
part  below  the  horizontal  flue  only  had  a  temperature 
of  1,450  deg.  F.  These  temperature  differences  could, 
of  course,  be  exoected,  because  when  operating  on  a 
longer  coking  time  the  quantity  of  gas  per  flue  becomes 
correspondingly  less  and  combustion  is  relatively 
quicker,  thus  causing  a  quicker  progression  of  the  cok- 
ing in  the  lower  part  as  compared  with  the  upper  part 
of  the  oven. 

Uniform  Heat  Distribution  Important. 

As  far  back  as  1914,  Dr.  Koppers  proposed  as  a 
means  of  evening  out  temperatures  within  the  heating 
system  of  coke  ovens,  the  addition  of  waste  gases  to 
the  air  required  in  order  to  retard  the  combustion  of 
gases  in  the  heating  flues  because  of  the  reduced  con- 
tent of  oxygen  in  the  waste  gases  and  air  mixture  and 
thus  lengthening  the  flame,  resulting  in  an  improved 
heat  distribution  and  temperature  progression  within 
the  coal  charge.  This  process  was  tried  out  at  Sea- 
board and  Fig.  7  shows  the  result  of  the  addition  of 
waste  gas  till  the  mixture  of  waste  gas  and  air  con- 
tained l2  per  cent  oxygen.  The  waste  gas  was  taken 
from  the  stack  by  means  of  a  fan  and  blown  into  the 
air  boxes  on  the  regenerators,  while  the  air  was  drawn 
in  according  to  the  regular  practice.  The  temperature 
mentioned  before  when  operating  on  between  23  and 


24  hours  were  decidedly  changed  and  shows  that  the 
bottom  temperature  was  reduced  to  1,793  deg.  F.  while 
the  temperature  below  the  horizontal  flue  was  increased 
to  1,C07  deg.  F.,  simultaneously  increasing  the  tempera- 
ture in  the  coke  near  the  region  of  the  horizontal  flue 
to  1,590  deg.  F.  This  test  was  carried  on  for  several 
weeks  and  it  was  shown  that  when  the  fan  was  taken 
off  the  temperature  went  back  to  the  original  ones  as 
mentioned  before.  This  test  proves  that  the  return  of 
waste  gases  in  ovens  which  have  unequal  heating  con- 
ditions from  bottom  to  top  will  greatly  help  the  dis- 
tribution of  heat  progression  in  the  coking  charge.  It 
is  a  good  cure  for  ovens  which  suffer  from  hot  bottoms 
as  it  causes  a  condition  in  the  heating  flues  which  is 
similar  to  that  existing  when  using  blast  furnace  or 
producer  gas.  Blast  furnace  and  producer  gas  are  most 
excellent  fuels  for  heating  the  ovens  because  such 
gases  have  a  slower  combustion  speed  and  distribute 
the  heats  very  uniformly. 

Principles  of  Design. 

It  is  the  belief  of  the  majority  of  coke  oven  and 
blast  furnace  operators  that,  especially  from  high  vola- 
tile coals,  better  coke  can  be  made  in  narrower  ovens. 
In  making  the  oven  narrower,  the  coking  capacity  per 
24  hrs.  would  necessarily  be  reduced  unless  a  considera- 
ble multiplication  of  the  operations  would  be  resorted 
to.  The  first  thought  would  naturally  be  to  compen- 
sate for  this  by  building  higher  and  longer  ovens  and 
thus  increasing  the  tonnage  per  oven  per  24  hours.  This 
would  mean  that  the  horizontal  flue,  with  the  type  of 
oven  as  mentioned  before,  would  have  to  be  enlarged 
and  thus  occupy  a  larger  space  in  the  coking  region, 
thereby  retarding  the  coking  of  a  proportionately  larger 
amount   of  coal   in   that  resrion.      Furthermore,   when 


FIG.  8. 
Coke  side  of  new  combination  type  Koppers  ovens  at  the  plant  of  the  Chicago  By-Product  Coke  Company,  Chicago. 
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FIG.  9. 
Pusher  side  of  new  Koppcrs  oven  at  the  Chicago   By-Products  Coke   Company,   Chicago. 


equipping  ovens  so  that  they  can  be  heated  in  the 
future  with  producer  or  blast  furnace  gas  which  is  un- 
questionably the  proper  construction,  this  flue  must 
be  enlarged  again  in  order  to  make  it  carry  the  addi- 
tional a.mount  of  inerts  present  in  such  low  Btu.  gases. 
It,  therefore,  was  apparent  that  the  oven  as  it  stood 
should  not  be  increased  in  capacity  without  making 
changes  in  the  design  eliminating  the  efifect  of  the  hori- 
zontal flue  on  the  heating  conditions  and  thus  elimi- 
nating its  efifect  on  the  quality  of  coke  produced.  Also 
with  increased  capacities  a  relatively  smaller  horizontal 
flue  would  require  an  exaggerated  closing  of  the  dis- 
charge openings  of  the  vertical  flues  to  such  an  extent 
that  the  drop  of  pressure  through  the  reduced  openings 
would  become  too  high  for  the  best  draft  conditions 
throughout  the  oven  structure.  It  is,  of  course,  fully 
recognized  that  an  oven  can  only  be  successful  in 
operation,  production  and  length  of  life  provided  the 
draft  in  the  heating  flue  system  be  kept  at  the  very 
minimum. 

It  might  be  thought  best  by  some  to  design  ovens 
without  any  horizontal  flues.  Such  ovens  without  hori- 
zontal flues  usually  operate  in  such  a  manner  that  ad- 
jacent vertical  flues  serve  alternately  as  up-lnirning 
flame  flues  and  down-going  waste  gas  flues  and  vice 
versa.  It  is  evident,  however,  that  an  oven  in  which  all 
adjacent  heating  flues  or  at  least  a  large  group  of  them 
serve  at  the  same  time  in  their  entirety  as  up-burning 
flame  flues  or  in  their  entirety  as  down-eoing  waste 
heat  flues,  is  not  subject  to  the  danger  of  diflferent  draft 
conditions  between  adjoining  flues.  In  this  case,  the 
up-burning  flame  flues  can  under  no  condition  be  af- 
fected by  adjoining  down-flow  flues  in  case  there  should 
be  any  leakage  in  the  brickwork  separating  such  flues, 
a  condition  which  can  easily  occur  especially  as  the 


ovens  become  older.  Furthermore,  the  arrangement  of 
the  gas  supply  flues  in  an  oven  in  which  the  gas  is 
burned  up  in  one  flue  and  down  the  next  adjoining  one 
is  usually  such  that  this  gas  supply  flue  is  paralleled  by 
an  up-going  regenerator  on  the  one  side  and  a  down- 
going  regenerator  on  the  other  side.  This  arrangement 
greatly  increases  the  difficulty  of  keeping  the  gas  sup- 
ply flues  tight.  Also  all  ovens  should  be  built  so  that 
producer  gas  or  blast  furnace  gas  could  be  used  ad- 
vantageously in  the  future,  and  in  up  and  down-flow 
flued  ovens,  there  will  always  be  a  counter  current 
between  waste  gas  and  gas  in  regenerators,  as  well  as 
between  adjacent  flues.  All  these  dangers  of  leakage 
between  adjoining  flues  are  non-existing  in  ovens  with 
paralleled  flow  and  it  is,  therefore,  clear  that  it  is  best 
to  retain  a  horizontal  flue  because  it  insures  simplicity 
in  design  and  the  greatest  safety  in  operation  of  the 
ovens.  Furthermore,  it  makes  the  system  readily 
adaptable  for  the  use  of  blast  furnace  and  producer  gas, 
without  the  objectionable  counter  currents. 

Experimental  Ovens  Tested  In  Chicago. 

These  leading  principles  in  oven  construction  have 
been  tried  out  by  the  Koppers  Company  in  a  battery  of 
5  ovens  at  the  plant  of  the  Chicago  By-Product  Coke 
Company  at  Chicago.  The  five  ovens  were  put  into 
operation  on  February  1.  1922,  and  have  since  that  time 
operated  continuously  on  a  great  variety  of  coals  at 
coking  times  between  10  and  12  hours.  Fig.  8  shows 
the  coke  side  of  this  battery  :  Fig.  9  shows  the  pusher 
side,  and  Fig.  10  shows  the  location  of  this  battery 
in  connection  with  the  rest  of  the  ovens.  The  new  oven 
has  a  length  of  37  feet  between  doors,  a  height  of  cham- 
ber of  11  ft.  8  in.  and  an  average  width  of  14  ins.,  the 
taper  between  coke  side  and  pusher  side  being  lyi  ins. 
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Cast  iron  jambs  are  used  at  the  ends  of  the  ovens. 
Fig.  11  shows  the  general  design  of  the  new  type  oven. 
The  vertical  cut  through  the  oven  lengthwise  the  bat- 
tery shows  the  heating  walls,  coking  chambers,  ar- 
rangement of  regenerators  and  the  crossover  flue  com- 
municating with  the  heating  walls  on  both  sides  of 
the  oven  chamber. 

This  shows  that  in  this  new  design  one  side  of 
the  coke  oven  is  heated  in  its  entirety,  that  is,  gas  burns 
simultaneously  on  the  coke  side  and  on  the  pusher 
side,  the  products  of  combustion  then  join  in  the  re- 
spective horizontal  flues,  pass  through  the  crossover 
flues,  one  of  which  is  located  on  the  coke  side  and  the 
other  on  the  pusher  side.  Thence  the  products  of  com- 
bustion enter  the  respective  horizontal  flues  of  the 
adjacent  heating  wall  and  pass  downwards  throughout 
the  entire  wall  into  the  respective  regenerators.  It  is 
evident   that  the  cross  sectional  area  of  a  horizontal 


sure  drop.  For  ovens  of  12  ft.  in  height  and  of  a  length 
similar  to  the  Chicago  oven,  it  has  been  demonstrated 
at  Chicago  that  only  two  crossovers  arc  required  to  per- 
mit a  size  of  horizontal  flue  that  does  not  interfere 
with  flame  flue  combustion  and  a  flue  which  is  con- 
sistent with  good  strong  wall  construction.  However, 
there  is  very  little  reason  why  ovens  should  not  be  in- 
creased further  in  height  and  length,  and  it  might  then 
be  preferable  in  order  not  to  increase  the  size  of  the 
horizontal  flue  to  build  three  or  five  crossovers.  It  is 
clearly  shown  that  with  this  new  design  the  size  of  an 
oven  has  become  independent  of  areas  required  for  the 
former  horizontal  flue  which  interfered  with  the  per- 
fect operation  of  the  ovens,  especially  when  they  were 
of  great  capacity,  since  it  is  important  to  retain  the  ad- 
vantageous functions  of  horizontal  flues. 

It  should  be  emphasized  that  on  account  of  the  fact 
that  an  entire  side  of  a  coke  oven  chamber  serves  either 


FIG.  10. 
Pusher  side  of  ovens  at  Chicago  By-Product  Coke  Cojitpany  with  new  type  combination  oven  in  the  foreground 


flue  when  operating  in  such  a  way  can  be  considerably 
reduced  as  compared  with  the  horizontal  flue  in  ovens 
of  the  former  design.  This  allows  us  to  locate  the 
horizontal  flue  higher  than  was  previously  possible  and 
it  furthermore  allows  the  use  of  heavy  walls  between 
the  horizontal  flue  and  the  coal  chamber.  This  gives 
sufficient  space  to  use  insulating  material  if  necessary 
in  order  to  prevent  any  overheating  of  the  gas  space  in 
the  oven  chamber.  The  insulation  of  the  crossover 
flues  at  Chicago  has  been  found  to  be  entirely  satisfac- 
tory and  effective. 

Increased  Height  of  Flame  Flue  Heating. 

One  of  the  most  important  achievements  claimed 
for  this  new  design  is  the  fact  that  the  height  of  the 
flame  flues  has  been  considerably  increased  and  these 
now  extend  as  far  up  towards  the  top  of  the  coal  charge 
as  is  necessary  for  uniform  heating  of  the  entire  charge. 
Thus  the  interference  of  the  horizontal  flue  with  the 
flame  flue  heating  has  been  entirely  eliminated.  Of 
course  the  number  of  crossover  flues  could  be  increased 
beyond  two  perferably  to  five,  the  crossovers  passing 
through  the  available  spaces  between  charging  holes. 
The  size  of  the  horizontal  flue  would  thus  of  course  be 
still  more  reduced,  without  causing  an  additional  pres- 


for  up-flow  combustion  or  down-flow  products  of  com- 
liu.stion.  any  leakage  between  individual  flues  become  of 
little  consequence  because  all  the  gases  flow  either 
up  or  down  and  each  flue  is  operating  under  the  same 
pressure  conditions.  Since  there  is  ab.solutely  no  count- 
er flow  in  any  of  the  heating  flues,  it  undoubtedly  con- 
stitutes the  safest  construction  for  flame  heated  coke 
ovens.  It  will  also  be  noticed  that  the  regenerators 
reverse  longitudinally  with  the  battery  instead  of 
crosswise  as  in  the  former  design.  The  usual  longi- 
tudinal taper  of  a  coke  oven  requires  that  larger 
amounts  of  fuel  gas  are  used  on  the  coke  side  as  com- 
pared with  the  pusher  side.  In  the  type  of  oven  for- 
merly built,  products  of  combustion  from  the  coke  side 
of  the  oven  chamber  exchange  their  heat  with  the  air 
or  air  and  gas  going  up  to  the  narrow  pusher  side. 
Since  for  the  latter  side  gases  are  required  in  smallei 
volume,  the  efficiency  of  the  heat  exchange  varies  with 
reversals  as  is  shown  by  fluctuations  in  the  stack  flue 
temperature.  In  this  new  construction  the  in-going 
gases  for  each  half  of  the  oven  are  regenerated  with 
the  products  of  combustion  from  that  half,  and  it  is 
thus  possible  to  maintain  a  lower  uniform  stack  tem- 
perature which  is  the  nearest  practicable  approach  to 
the  theoretical. 
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FIG.  11. 
Plan  arid  cross  section  of  the  nexv  combmation  oven  of  the  Koppers  Company. 


Minimum  Leakage — No  Counterflow. 

It  will  also  be  noticed  when  air  flows  upward  in 
two  regenerators  that  the  gas  supply  flue  located  in 
the  supporting  wall  separating  these  two  regenerators 
is  operating  also  for  up-flow  combustion  while  the  ad- 
joining heating  wall  operates  for  discharge  of  waste 
gases  and  consequently  the  gas  supply  flue  located  in 
that  particular  regenerator  wall  is  not  in  operation. 
In  other  words  there  are  hardly  any  pressure  difference 
between  up-flowing  regenerators  and  gas  supply  flues 
and  consequently  the  leakage  of  the  gas  distributing 
flue  will  be  reduced  to  a  minimum. 

Figs.  12,  13,  14  and  15  show  the  flow  of  gases  when 
using  coke  oven  gas  and  blast  furnace  or  producer  gas. 
Figs.  14  and  15  show  the  oven  when  operating  on  pro- 
ducer or  blast  furnace  gas.  When  producer  gas  or 
blast  furnace  gas  of  low  heating  value  is  used  for  heat- 
ing the  ovens,  it  must  be  preheated  in  order  to  ob- 
tain the  desired  temperature  and  to  operate  economi- 
cally. This  preheating  is  accomplished  by  passing 
the  gas  through  separate  regenerating  chambers  on  its 
way  to  the  heating  walls.  In  the  new  design  of  oven 
the  arrangement  of  regenerators  and  flow  of  gases  is 
such  that  there  does  not  exist  at  any  time  a  counter 
flow  between  incoming  fuel  and  out-going  products 
of  combustion  in  adjacent  regenerator  chambers.  Fuel 
gas  and  out-going  products  of  combustion  are  always 
separated  by  a  regenerator  containing  in-going  air. 
Should  there  be  a  slight  leakage  into  the  waste  gas 
regenerator  chambers,  it  would  only  result  in  loss  of 
air,  while  it  would  be  impossible  to  lose  producer  or 
blast  furnace  gas. 


The  battery  of  5  ovens  of  this  new  design  at  Chi- 
cago was  operated  on  11  hrs.  coking  time  for  several 
months  with  producer  gas  having  a  heating  value 
purposely  varied  between  from  85  to  125  Btu.  and  it 
was  demonstrated  that  the  oven  when  heated  with 
this  producer  gas  gave  most  satisfactory  results  as  to 
heat  distribution  and  fuel  consumption.  It  was  abso- 
lutely evident  that  there  was  no  leakage  of  producer 
gas  into  waste  gas  on  account  of  producer  gas  and  air 
flowing  in  parallel  and  a  counter-flow  only  existing  be- 
tween air  and  waste  gas. 

It  has  been  demonstrated  that  on  the  5  ovens  at 
Chicago  the  arrangement  of  regulable  ports  in  that 
construction  is  correct  for  both  conditions,  that  is, 
when  using  straight  coke  oven  gas  or  producer  gas. 
See  Fig.  16.  The  same  small  temperature  difference 
between  top  and  bottom  when  using  coke  oven  gas 
was  observed  as  when  using  producer  gas. 

The  tests  for  determining  the  progression  of  coking 
at  different  elevations  in  the  oven  chamber  as  made 
at  the  Providence  Plant  were  repeated  with  the  same 
instruments  and  in  the  same  manner  on  these  5  ovens 
at  Chicago  and  the  results  obtained  were  most  gratify- 
ing. See  Fig.  17.  The  absence  of  the  interference 
of  the  horizontal  flue  together  with  the  unique  design 
of  adjustable  air  ports  gave  a  distribution  of  heat 
in  such  a  way  that  the  entire  mass  from  top  to  bottom 
and  from  end  to  end  was  finished  at  the  same  time,  the 
difference  in  temperature  usually  not  exceeding  100 
deg.  F. 
Coke  of  Uniform  Quality  and  Size. 

The  coke  produced  from  these  new  type  ovens  was 
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decidedly  more  uniform  than  that  produced  from  the 
older  ovens.  The  large  pieces  of  coke  originating  near 
the  horizontal  flue  region  of  the  older  oven  were  en- 
tirely absent  in  the  coke  from  the  new  oven  and  the 
coke  from  the  bottom  part  of  the  new  oven  was  just 
as  large  as  the  coke  from  any  other  part  of  the  oven. 
Shatter  tests  and  combustion  tests  have  been  made 
from  coke  out  of  different  elevations  of  the  new  ovens 
and  it  has  been  found  that  the  combustibility  of  the 


done  in  the  most  uniform  manner  and  the  only  matter 
to  be  decided  upon  in  individual  cases  would  be  the 
width  of  oven  that  would  be  proper  for  certain  coals  to 
produce  the  best  blast  furnace  coke  in  respect  to  size 
of  coke  and  its  properties  as  to  combustibility.  Fur- 
thermore, at  what  temperatures  or  in  length  of  time 
should  coals  be  coked  to  produce  the  coke  that  gives 
the  best  blast  furnace  results.  From  all  observations 
made  so  far  it  seems  to  be  correct  for  straight  high 
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FIG.   12 
Coke  oven  gas  heating. 


FIG.  13. 
Co  ken  oven  gas  heating- 
reversal. 


coke  from  the  lower  part  of  the  ovens  is  the  same  as 
that  taken  from  the  upper  part  of  the  ovens.  It  was 
further  shown  that  the  shatter  tests  from  the  upper 
part  of  the  oven  are  virtually  the  same  as  the  shatter 
tests  from  the  coke  produced  in  the  lower  part  of  the 
oven.  This  indicates  that  besides  very  uniform  size  of 
coke  produced  in  this  new  oven,  the  characteristics  of 
the  coke  from  different  parts  of  the  ovens  show  great 
uniformity.  '      j  ;^ 

In  making  coke  of  11  hours  in  this  new  design  of 
oven,  the  temperature  of  the  flue  walls  did  not  e.xceed 
the  maximum  of  2,550  deg.  F.  and  the  fuel  consump- 
tion in  coking  Pittsburgh  coals  was  equivalent  to  1,050 
Btu.  per  pound  of  coal. 

The  advantages  claimed  for  this  new  oven  are  as 
follows : 

1.  Greatest  simplicity  of  design. 

2.  Perfect  distribution  of  heat  in  such  a  way 
that  the  coking  within  the  coal  charge  progresses 
uniformly  at  all  places,  thus  preventing  any  over 
and  under  coking. 

3.  Increased  capacity  per  oven  unit. 

4.  Lowest  fuel  gas  consumption. 

5.  Maximum  strength  of  oven  walls. 

6.  Lowest  pressure  differentials  throughout  the 
entire  oven  system. 

7.  Complete  absence  of  counter-flow  between 
flame  flues  and  gas  supply  flues  and  gas  regener- 
ators. 

All  of  the  above  mentioned  improvements  will 
guarantee  the  long  life  of  the  oven  structure  and  the 
continuous  supply  of  most  uniform  coke  at  the  lowest 
fuel  consumption  and  operating  expense.  It  should  be 
emphasized  that  the  low  draft  conditions  existing  in 
these  ovens  is  of  great  importance  because  it  insures 
long  life  of  the  oven.  It  is  a  well  known  fact  that  high 
draft  conditions  in  ovens  always  results  in  early  oven 
repairs  and  loss  of  products. 

The  foregoing  shows  that  the  coking  of  coal  can  be 
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FIG.   14 
Producer    gas    heating. 


FIG.  15. 
Producer     gas    heating- 
reversal. 


volatile  coals  to  build  the  ovens  as  narrow  as  is  practi- 
cal because  this  produces  a  coke  of  less  fingery  struc- 
ture and  cross  fracture  than  when  made  in  wider  ovens. 
There  is  usually  a  variation  in  the  coke  starting  with 
the  wall  side  and  ending  at  the  center  of  the  oven.  This 
variation  is  greater  in  wider  ovens  than  in  the  case  of 
coke  made  in  narrow  ovens.  In  making  tests  of  a 
piece  of  coke  and  taking  samples  from  the  inner  end 
of  the  coke,  the  middle  and  the  outer  end  of  the  coke, 
it  has  been  observed  that  the  specific  gravity  and 
porosity  of  the  coke  changes  from  center  to  end,  and 


mm. 

FIG.  16. 
Showing  the  adjustable  air  port  of  the  new  Koppers  oven. 

that  in  wider  ovens  the  cauliflower  and  dense  end  pene- 
trates to  a  greater  depth  than  in  narrower  ovens.  It 
has  been  observed  in  the  coke  made  in  the  5-oven  bat- 
tery at  Chicago  that  a  much  more  uniform  porosity  was 
practically  maintained  from  one  end  to  the  other  of 
a  piece  of  coke.  Coals  coked  in  narrow  ovens  give  a 
higher  yield  of  tar  than  when  coked  in  wide  ovens,  in- 
dicating that  the  smaller  yield  of  tar  must  have  been 
accompanied  by  formation  of  additional  gas  and  resi- 
due of  carbon  which  is  deposited  on  the  cell  walls  of 
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the  coke.  However,  carbon  coke  made  from  tars  is 
very  refractory  and  combustion  tests  on  carbon  coke 
made  from  tar  subjected  to  a  temperature  correspond- 
ing to  that  of  coking  operation — that  is  about  1,800 
deg.  F.  showed  that  the  combustibility  of  such  material 
was  decidedly  less  than  the  combustibility  of  ordinary 
coke.  This  would  again  indicate  that  a  given  coal 
when  coked  under  conditions   which   vield  the   maxi- 
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FIG.  17. 
A   heat  progression  chart  for  the  new  combination  oven. 

mum  in  tar  would  produce  a  coke  of  greater  combusti- 
bility than  when  coked  under  conditions  where  the 
tar  yield  is  relatively  low.  For  these  reasons  it  is  ad- 
visable to  build  as  narrow  ovens  in  so  far  as  is  practi- 
cable and  consistent  with  economical  operation.  Since 
the  time  for  coking  is  shorter  in  narrower  ovens,  par- 
ticularly in  this  new  type  of  oven,  the  coke  is  exposed 
for  less  time  to  the  detrimental  effect  of  high  tempera- 


tures which  again  insures  maximum  combustibility  of 
the  coke,  a  quality  which  lately  has  been  emphasized 
as  being  most  important  by  men  prominent  in  the  coke 
oven  and  blast  furnace  industry. 


FIG.  18.* 
Coke  from  Black  Briar  Illinois  coal  on  the 
Chicago  By-Product  Coke  Company. 


coke  wharf  at  the 


*The  subject  of  making  a  good  grade  of  blast  furnace  coke 
from  Illinois  coals  has  been  a  much  mooted  one.  Targe  scale 
oven  tests  made  by  the  Koppers  Company  in  1911  showed  that 
Illinois  coals  would  make  a  good  grade  of  blast  furnace  coke 
and  subsequent  tests  made  by  the  Bureau  of  Standards  in  1917 
conclusively  demonstrated  that  such  was  the  case.  (See  Bulletin 
Bureau  of  Standards  No.  37,  entitled,  "Coking  of  Illinois  Coals 
in  Koppers  Type  Oven.")  Fig.  18  shows  coke  from  100  per  cent 
Black  Briar  Illinois  coal,  made  in  the  experimental  battery  of 
five  ovens  described  in  this  paper.  A  large  quantity  of  this  coal 
was  coked  at  the  time  and  the  results  further  demonstrated  that 
not  only  would  these  coals  coke,  but  that  they  made  a  very  excel- 
lent grade  of  blast  furnace  coke  on  as  short  a  coking  time  as 
11  hours.  Three  hundred  and  sixty-eight  ovens  of  this  tvpe  are 
under  construction  for  the  Carnegie  Steel  Company  at  Clair- 
ton  and  .37  ovens  of  this  type  are  now  under  construction  for 
the  Weirton   Iron  &  Steel   Company  at  Weirton,  W.  Va. 


Discussion  of  Heat  Balance 

A  Table  Prepared  from  Prof.  Trinks'  Article  on  "Heat  Balances 
in  Steel  Plants"  for  Purposes  of  Comparison  and  Study. 

By  J.  B.  CRANE* 


PLANT  No.  1.  Heat  balance  of  an  uneconomical 
steel  plant  based  on  one  pound  of  finished  steel. 
This  heat  balance  is  used  on  50  per  cent  scrap,  50 
per  cent  cold  pig  iron  being  used  in  open  hearth  furnaces 
One-half  of  the  product  rolled  to  1-in.  squares,  one-half 
to  8-in.  beams.  1.13  lbs.  of  blooms  required  per  lb.  of 
finished  steel;  126  lbs.  of  ingots;  0.675  lbs.  of  pig  iron 
plus  0.675  lbs.  of  scrap  iron  per  lb.  of  finished  product. 
2,200  lbs.  of  coke  used  in  blast  furnaces  per  long  ton  of 
pig  iron  produced.  7,000,000  Btu.  required  in  open 
hearth  per  long  ton  of  ingots  produced ;  1,100,000  Btu.  in 
soaking  pits  per  ton  of  ingots ;  4,500,000  Btu.  in  reheat- 
ing furnaces  per  ton  of  blooms  or  billets.  Mills  driven 
by  steam  engines,  150  lbs.  saturated  steam,  non-condens- 
ing. All  auxiliaries  steain  operated.  Steatii  blowing 
engines,  non-condensing.  Beehive  coke  ovens.  (Note: 
All  figures  represent  Btu.  per  lb.  of  finished  steel.) 

•George  T.  Ladd  Company,  Pittsburgh, 


Plant  No.  2. 

Heat  balance  of  an  average  steel  plant.  Based  on 
one  pound  of  finished  steel.  This  heat  balance  is  based 
on  50  per  cent  scrap,  50  per  cent  cold  pig  iron  being  used 
in  open  hearth  furnaces.  One-half  of  the  product  rolled 
to  1-in.  squares,  one-half  to  8-in.  beams.  1.13  lbs.  of 
blooms  required  per  lb.  of  finished  steel;  1.26  lbs.  of 
ingots ;  0.675  lbs.  of  pig  iron  plus  0.675  lbs.  of  scrap  per 
lb.  of  finished  product.  2,200  lbs.  of  coke  used  in  blast 
furnaces  per  long  ton  of  pig  iron  produced.  6,000,000 
Btu.  required  in  open  hearth  per  long  ton  of  ingots  pro- 
duced; 1,000,000  Btu.  in  soaking  pits  per  ton  of  ingots; 
3,800,000  Btu.  in  reheating  furnaces  per  ton  of  blooms 
or  billets.  Mills  driven  by  steam  engines,  150  lbs.  satu- 
rated steam,  20-in.  vacuum.  Blast  furnace  auxiliaries 
steam  operated,  all  other  auxiliaries  electrically  operated. 
Electric  power  supplied  by  turbo-generator,  steam  blow- 
ing engines  and  turbo-blowers,  150  lbs.  saturated  steam. 
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20-iii.  vacuum.     (Note:     All  figures  represent  Btu.  per 
lb.  of  linished  steel. 

Plant  No.  3. 

Heat  balance  of  an  uneconomical  steam  operated  steel 
plant.  Based  on  one  pound  of  finished  steel.  This  heat 
balance  is  based  on  50  per  cent  scrap,  50  per  cent  hot  pig 
iron  being  used  in  open  hearth  furnaces.  One-half  of 
the  product  is  rolled  to  1-in.  squares,  one-half  to  8-in. 
beams.  1.13  lbs.  of  blooms  required  per  lb.  of  finished 
product;  1.26  lbs.  of  ingots;  0.675  lbs.  of  pig  iron  plus 
0.675  lbs.  of  scrap  per  lb.  of  finished  product.  1,800  lbs. 
of  coke  used  in  blast  furnaces  per  long  ton  of  pig  iron 
produced.     4,800,000   Btu.   required  in  open  hearth  per 


Plant 
No.  1 


Plant 

No.  2 


Plant 
No.  3 


Plant 
No.  4 


Btu.  to  coking  coal   13,260     11,466 

Btu.  to  boilers   6,480      2.835 

Btu.  to  producers   9,450      5,230 

Total  Btu.  for  1  lb.  of  steel 

Btu.  lost  in  coking  coal 

Btu.  waste  in  coking  coal 

Btu.  in  tar  to  open  hearth 

Btu,  to   furnaces   (CO  gas) 

Btu.  to  boilers   (surplus  CO  gas) 
Btu.  used   in   smelting  slag  radia- 
tion     

Btu.  B.  F.  gas — waste   

Btu.  B.  F.  gas — stoves    

Btu.  B.  F.  gas— blowing  

Btu.  B.  F.  gas — boilers   

Btu.  B.  F.  gas — melting   

Btu.  B.  F.  gas — gas  engines   

Total  Btu.  in  coking 

Btu.  lost  in  boiler    

Btu.  lost  in  condensers  

Btu.  to  blowing  engines  

Btu.  B.  F.  auxiliaries    

Btu.  blooming   mills   

Btu.  bar  and  shape  mill 

Btu.  turbine  and  miscellaneons. . . 

Total  Btu.  for  power 

Btu.  obtained  from  B.  F.  gas 

Btu.  obtained  from  coal  

Btu.  obtained  from  CO  gas   

Btu.  obtained  from  waste  heat 
O.  H 

Btu.  lost  in  producers  

Btu.  to  open  hearth  

Btu.  to  soaking  pits  

Btu.  to  reheating  furnaces    

Btu.  recovered   from  O.  H 

Total  Btu.  for  furnaces 

Btu  obtained  from  coal    

Btu.  obtained  from  CO  gas   . 

Btu.  obtained  from  CO  tar 

Btu.  obtained  from  B.  F.  gas 


9,360 
1,132 


9,360 
2,202 


29,190 

19,531 

13,850 

11,562 

6,025 

1,780 

1,515 

1,517 

350 

298 

298 

610 

500 

500 

1,324 

1,085 

1,085 

189 

157 

155 

2,605 

2,583 

2,270 

2,270 

465 

463 

353 

353 

1,480 

1,482 

1,132 

1,132 
442 
177 

2,685 

2,685 

177 

1,873 

1,067 
364 

13,260 

11,466 

9,360 

9,360 

3,210 

1,859 

956 

2,087 

979 

791 

1,511 

1,075 

640 

640 

640 

646 

460 

370 

405 

714 

503 

301 

543 

283 

214 

9,165 

5,709 

3,953 

957 

2,685 

2,685 

177 

541 

6,480 

2,835 

3,358 

189 

157 

155 

261 

261 

9,165 

5,709 

3,953 

957 

2,366 

1,308 

284 

548 

3,935 

3,375 

2,700 

2,700 

619 

563 

506 

506 

2,530 

1,918 

1,100 

1,100 

261 

261 

9,450 

7,164 

4,590 

4,854 

9,450 

5,230 

1,132 

2,202 

1,324 

1,085 

1,085 

610 

50O 

500 

1.873 

1,067 

9,450      7,164      4,590      4,854 


long  ton  of  ingots  produced.  900,000  Btu.  for  soaking 
pits  per  ton  of  ingots;  2,750,000  Btu.  for  reheating  fur- 
naces per  long  ton  of  blooms  or  billets.  A  mixture  of 
coke  oven  gas,  blast  furnace  gas  and  producer  gas  is  used 
in  reheating  furnaces  and  in  pits.  Mills  driven  by  eco- 
nomical steam  engines,  operating  with  steam  at  200  lbs. 
pressure,  100  deg.  superheat,  27-in,  vacuum.     Blowing 


engines  steam  driven,  same  conditions  as  above.  Blast 
furnace  auxiliaries  steam  operated,  other  au.xiliaries  elec- 
trically operated.  Electric  power  supplied  by  turbo- 
generators, 200  lbs.  steam  pressure,  10  deg.  superheat, 
28-in.  vacuum.  (Nbte:  AH  figures  represent  Btu.  per 
lb.  of  finished  steel.) 

Plant  No.  4. 

Heat  balance  of  an  economical  steam  plant.  Based  on 
one  pound  of  finished  steel.  The  heat  balance  is  ba.sed 
on  50  per  cent  scrap,  50  per  cent  hot  pig  iron  being  used 
in  open  hearth  furnaces.  One-half  of  the  product  rolled 
to  1-in.  squares,  one-half  to  8-in.  beams.  1.13  lbs.  of 
blooms  required  per  lb.  of  finished  product;  1.26  lbs.  of 
ingots;  0.675  lbs.  of  pig  iron  plus  0.675  lbs.  of  scrap  per 
lb.  of  finished  product.  1,800  lbs.  of  coke  used  in  blast 
furnaces  per  long  ton  of  pig  iron  produced.  4,800,000 
Btu  .required  in  open  hearth  per  long  ton  of  ingots  pro- 
duced ;  900,000  Btu.  tor  soaking  pits  per  ton  of  ingots ; 
2,750,000  Btu.  for  reheating  furnaces  per  long  ton  of 
blooms  or  billets.  A  mixture  of  coke  oven  gas  and  blast 
furnace  gas  is  used  for  reheating  furnaces  and  in  pits. 
Power  consumption  includes  blast  furnace  auxiliaries, 
rolling,  cranes,  lighting,  shears,  tables,  etc.  (Note:  All 
figures  represent  Btu.  per  lb.  of  finished  steel.) 


STEEL  PRODUCTION  IN   SOUTH  AFRICA 
GROWING 

Steel  production  in  South  Africa  is  making  consid- 
erable progress,  according  to  a  report  to  the  Depart- 
ment of  Commerce  from  Trade  Commissioner  Steven- 
son, though  not  as  much  as  had  been  anticipated. 

The  Union  Steel  Corporation  (of  South  Africa) 
Limited,  Mr.  Stevenson  says,  is  by  far  the  most  import- 
ant factor  in  the  industry,  its  1921  production  being 
14,434  tons  of  a  value  of  £361,468.  The  greater  part 
of  the  output,  or  11,573  tons,  consisted  of  open-hearth 
steel  made  from  scrap  materials,  while  2,861  tons  were 
made  in  a  3j/2-ton  Heroult  electric  furnace.  A  new  22- 
inch  mill  is  being  installed  to  roll  heavier  sections  of 
angles,  channels,  girders,  and  similar  products  from 
20  to  30  pounds  per  foot,  and  rails  up  to  60  pounds  per 
yard.  A  new  25-ton  Siemens  open-hearth  furnace  has 
been  erected  and  when  in  full  working  order  the  ca- 
pacity of  the  works  will  be  30,000  tons  a  year.  The 
Union  Steel  Corporation  has  already  supplied  a  large 
part  of  the  reinforcing  steel  contract  for  the  govern- 
ment grain  elevators,  and  has  rolled  a  few  rails  which 
have  been  purchased  by  the  South  African  Railways 
for  trial  purposes. 

The  Dunswart  Iron  and  Steel  Works,  Limited, 
turned  out  5,355  tons  of  iron,  valued  at  £123,165  in 
1921.  A  new  3-roll  high  18-inch  cogging  mill  is  in  the 
course  of  erection.  It  is  intended  later  to  manufacture 
steel  castings  up  to  7  tons  in  weight. 

The  Witwatersrand  Co-operative  Smelting  Works, 
Limited,  has  erected  a  new  plant  at  Driehoek,  to  which 
the  old  equipment  is  being  transferred.  The  capacity 
of  the  new  plant  will  be  4,500  tons  per  annum.  The 
1921  output  was  1,296  tons  of  shoes  and  dies,  worth 
£25,900,  as  against  1,201  tons  in  1920,  valued  at 
£24,020. 

It  would  appear,  Mr.  Stevenson  concludes,  that  the 
local  industry  has  not  as  a  whole  made  the  progress 
that  was  anticipated,  even  allowing  for  the  depression 
period.  Whether  the  new  Iron  and  Steel  Industry  En- 
actment Act  will  prove  sufficiently  attractive  to  in- 
terest capital  is  open  to  some  question. 
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The  Economic  Importance  of  the  Power 
Plant  in  the  Steel  Industry' 

By  E.  F.  ENTWISLEf 


FROM  the  inception  of  the  human  race,  its  develop- 
ment has  been  dependent  on  its  knowledge  of  and 
abihty  to  use  power.  The  first  manifestation  of 
power  was  in  man's  own  labor  in  caring  for  himself,  then 
in  using  his  power  in  making  others  work  for  him.  then 
the  gradually  increasing  realization  that  the  blowing  of 
the  wind,  the  flow  of  water,  the  heat  of  the  fire — all  could 
be  used  in  ways  that  outdistanced  human  effort  and 
pointed  the  way  to  still  greater  possibilities  of  accumu- 
lated power.  Civilization  has  progressed  as  sources  and 
control  of  power  have  progressed  and  today  we  find  vir- 
tually every  line  of  human  endeavor  absolutely  dependent 
on  some  kind  of  power  not  contained  within  the  indi- 
vidual himself,  every  industry  with  power  the  very  main- 
spring of  its  existence,  and  in  innumerable  cases  fur- 
nished from  a  source  over  which  the  industry  itself  has 
no  direct  control. 

From  the  beginning,  the  steel  industry  has  had  to 
depend  on  its  own  organization  for  its  power,  first  in 
human  effort  in  collecting  its  materials  for  reduction  by 
natural  combustion,  then  by  further  human  efifort  applied 
to  the  bellows  of  the  Catalan  forge,  then  by  the  applica- 
tion of  water  power,  by  the  steam  engine  and  the  com- 
bustion of  natural  fuel  for  steam  generation.  After- 
wards followed  the  first  crude  efforts  at  utilization  of 
waste  gases  in  boilers  and  blast  heating,  vvorkmg  up 
finally  to  the  direct  use  of  the  gas  in  the  internal  com- 
bustion engine,  so  that  with  the  gradual  development  of 
the  industry  there  has  been  a  parallel  development  in  the 
industry's  own  power  plants. 

This  has  been  true  of  necessity,  for  at  the  outset  there 
were  no  adequate  sources  of,  or  means  of  transporting 
to  the  plant,  the  large  quantities  of  power  required,  and 
long  before  any  knowledge  of  electrical  generation  and 
transmission,  it  was  recognized  that  the  sources  of  power 
in  the  industry  itself  necessitated  their  utilization  at  the 
plant,  so  that  we  have  today  in  every  steel  works  a  power 
plant,  frequently  in  many  units,  generating  in  all  of  its 
several  phases  most  of  the  power  required  to  carry  on 
the  various  operations  from  raw  materials  to  finished 
steel  products. 

*Paper  read  before  the  American  Iron  and  Steel  Institute. 
at  New  York,  October  27,  1922. 

tAssistant    General    Manager,   Steelton   Plant,    Bethlehem 
Steel  Company,  Steelton,  Pa. 


During  comparatively  recent  years  tremendous  de- 
velopment has  been  made  in  the  size,  reliability  and  con- 
trol of  electrical  apparatus  for  steel  plant  service  and  in 
the  generation  and  transmission  of  the  power  required 
for  its  operation.  Its  almost  innumerable  applications 
need  no  recapitulation  here,  but  they  have  been  so  gen- 
eral in  character  and  large  in  total  that  in  many  cases 
the  development  of  the  plant's  own  power  supply  has  not 
kept  pace  either  in  economy  or  size  with  the  peak  power 
demand,  so  that  electric  current  frequently  must  be  pur- 
chased to  take  care  of  these  maximum  load  periods.  It 
is  only  natural  to  expect  that  still  further  applications  of 
power,  both  electric  and  steam,  will  be  made  in  the  ever 
constant  development  of  the  steel  industry  so  that  its 
power  plant  will  ever  become  increasingly  important. 

How  large  a  factor  any  one  item  is  in  steel  manufac- 
ture is  judged  mainly  by  its  percentage  of  the  cost  of  the 
finished  product.  Knowledge  of  operating  costs  is  essen- 
tial to  economic  operation,  and  the  steel  plant  cost  sheets 
of  the  present  day  furnish  the  executive  with  the  detailed 
information  that  enables  him  to  analyze  production  costs. 
Every  item,  raw  materials,  labor,  repairs,  transportation, 
etc.,  and  their  relative  importance  to  each  other  for  vari- 
ous products,  is  constantly  before  him,  and  his  mind  is 
always  concerned  in  cost  betterment,  either  through  ren- 
dering labor  more  efficient,  through  price  reductions,  sub- 
stitution of  less  expensive  or  of  better  materials,  or 
through  more  economical  use  of  the  materials  available. 
Unfortunately,  power  does  not  appear  on  our  cost  sheets 
as  a  single  total  item  and  we  are  apt  to  think  of  power 
costs  only  to  the  extent  that  they  do  appear  as  separate 
items  of  steam,  electricity,  water  and  air,  not  always  re- 
membering that  power  is  the  total  of  all  of  these,  plus  the 
additional  power  costs  that  are  necessarily  included  in 
our  cost  sheet  figures,  in  raw  materials  for  their  han- 
dling, in  partly  worked  materials,  power  for  shops  ap- 
pearing as  repairs,  and  many  other  auxiliary  operations. 

The  result  is  that  the  true  cost  of  power  is  not  gen- 
erally fully  appreciated,  total  power  cost  being  defined 
as  the  cost  of  producing  or  purchasing  all  the  energy  for 
generating  steam,  electricity  and  blast  furnace  blowing. 
In  such  a  cost,  waste  heat  must  be  accorded  a  value  com- 
mensurate with  the  value  of  the  fuel  that  would  have  to 
replace  it  if  the  waste  heat  were  not  available.  While  it 
is  true  that  the  value  placed  on  such  waste  heat  is  re- 


586 


UoblasfF, 


umacoil/jfool 


Planf 


November,  1922 


turned  as  a  credit  to  the  cost  of  tlie  producing  department, 
its  real  value  must  be  set  down  as  an  item  of  power  ex- 
pense in  order  to  fully  appreciate  how  large  an  item 
power  actually  is  in  production  costs  and  for  a  proper 
realization  of  the  importance  of  its  economic  use.  How- 
ever, it  is  also  important  to  know  what  portion  of  power 
costs  occurs  from  such  waste  gas  and  heat  charges,  and 
it  is  advisable  that  these  charges  be  so  accumulated  that 
their  elTect  on  costs  can  I)e  properly  judged. 

The  data  submitted  has  been  taken  from  the  cost 
records  of  three  of  Bethlehem's  steel  ])lants  and  covers 
the  period  from  January  1,  1920,  to  August  1,  1922.  It 
is  felt  that  this  ])eriod  is  fairly  representative  of  modern 
practice,  1920  being  a  year  of  good  production,  but  with 
many  war  time  prices  and  practices  still  continuing,  1921 
being  a  year  of  low  production  and  best  possible  economy, 
and  1''22  being  a  period  of  increasing  jiroduction  with  a 
continuance  of  improvement  in  the  economies  of  1921. 


in  determining  how  much  and  in  what  manner  power 
sliall  be  generated.  It  is  undoubtedly  true,  however,  that 
comparatively  few  plants  are  in  the  same  position  where 
their  total  power  costs  cannot  be  reduced  and  at  the  same 
time  show  a  good  return  on  the  expenditures  required  to 
make  the  reduction. 

In  general  there  are  three  points  of  attack  on  the 
problem  after  the  cost  analysis  has  been  made;  first,  on 
the  prime  movers  of  mill  and  auxiliary  drives;  second, 
on  the  electric  generating  and  blast  furnace  blowing 
plants ;  and  third,  on  the  steam  plants. 

Prime  Movers  for  Main  Drives  and  Auxiliaries. 

For  new  installations  there  is  little  room  for  argu- 
ment against  elcctrilication  as  showing  the  greatest 
economy.  For  existing  steam-driven  units  practically 
every  case  will  show  a  fair  return  on  the  investment  by 
the  substitution  of  electric  drive,  including  the  generating 
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4.  Ratio  of  total  power  cost  to  delivered  cost  of  all  limestone 

5.  Ratio  of  total  power  cost  to  delivered  co.'t  of  all  alloys 

6.  Ratio  of  total  power  cost  to  delivered  cost  of  all  refractories 

7.  Ratio  of  total  power  cost  to  total  ingot  cost 
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It  is  not  necessary  to  repeat  here  the  individual  power 
consumptions  for  various  products,  as  we  are  interested 
primarily  in  accumulated  power  usage  and  cost.  The 
following  talnilation  shows  the  ratio  of  the  cost  of  total 
power  generation  to  the  costs  of  some  of  the  principal 
and  more  familiar  items  entering  into  production  co.sts. 
From  these  figures  have  been  eliminated  all  the  effects  of 
such  pig  iron  and  coke  as  were  manufactured  for  ship- 
ment to  outside  customers,  so  that  the  data  applies  gen- 
erally to  any  steel  plant,  the  operation  of  which  extends 
from  coke  ovens  to  finished  steel  products.  In  the  first 
set  of  figures,  blast  furnace  and  coke  oven  gas  and  waste 
heat  are  charged  to  costs  at  full  value.  In  the  second 
block,  all  charges  for  such  waste  heat  products  have  been 
eliminated  and  all  power  purchased  is  assumed  to  have 
cost  the  same  as  the  power  generated  at  the  plant. 

The  importance  of  power  as  an  item  in  production 
costs  is  sufficiently  apparent  from  the  preceding  tabulation. 
Any  single  cost  item  that,  stripped  of  all  credits,  reaches 
the  proportion  of  nearly  one-fifth  of  the  total  plant  pay- 
roll, or  Syi  per  cent  of  the  total  sales  value  of  all  manu- 
factured products,  or  twice  the  cost  of  all  refractories, 
commands  attention.  How  to  reduce  it,  and  the  extent 
to  which  it  can  be  reduced,  constitute  the  real  economic 
question.  Every  plant  is  a  problem  in  itself,  and  no  defi- 
nite fomiula  can  be  laid  down  that  is  applicable  to  all. 
DifTerent  kinds  of  products,  difTerent  degrees  of  finish, 
different  seasonal  demands  and  many  other  variables  are 
considerations  that  necessarily  must  be  taken  into  account 


equipment.  Some  improvement  can  often  be  shown  by 
the  substitution  of  more  economical  types  of  steam  drives, 
but  aside  from  other  considerations,  it  is  obvious  that  the 
tremendous  handicap  of  the  miles  of  steam  piping  re- 
quired for  a  steam  operated  steel  plant  imposes  a  bur- 
den on  the  steam  drive  which  it  cannot  carry  in  competi- 
tion with  the  electric  drive. 

The  Electric  Generating  and  Blast  Furnace 
Blowing  Plants. 

It  is  not  contemplated  in  this  paper  to  discuss  the  rela- 
tive merits  of  the  types  of  drive  for  this  service.  Suf- 
ficient to  say  that,  in  general,  steel  works  have  not  taken 
full  advantage  of  the  economies  possible.  The  power 
plants  are  often  scattered  in  a  number  of  separate  instal- 
lations and  the  overall  efficiency  of  all  power  generation 
is  not  nearly  the  possible  maximum.  Usually  the  maxi- 
mum operating  load  can  be  carried  only  by  putting  un- 
economical units  into  operation,  or  by  purchasing  power 
from  an  outside  source. 

Steam  Plants. 

Here  can  usually  be  effected  the  greatest  economies 
and  greatest  .savings.  Steam  plants  are  even  more  scat- 
tered than  the  electric  generating  plants.  They  are  nearly 
always  old  and  in  small  capacity  units.  It  is  probably 
safe  to  state  that  80  per  cent  of  steel  works  blast  fur- 
nace gas  fired  boiler  plants  have  no  legitimate  excuse 
for  existence,  and  many  of  the  coal  burning  plants  are 
but  little  better.      Steam    lines    should    be    eliminated 
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wherever  possible,  and  where  they  must  exist,  should 
have  the  fullest  protection  and  attention  to  minimize  con- 
densation and  leakage  losses. 

Keeping  these  three  general  points  in  mind  it  is  in- 
teresting to  return  momentarily  to  the  tabulated  figures, 
particularly  items  7  to  14,  inclusive,  as  they  illustrate  to 
some  extent  the  possibilities  referred  to. 

A  is  the  average  of  plants  in  which  power  require- 
ments are  about  evenly  divided  between  steam  end  elec- 
tricity, while  B  is  a  plant  which  is,  primarily,  motor 
driven.  While  the  nature  of  the  products  from  plant  B 
requires  nearly  twice  the  quantity  of  power  per  ton  than 
do  the  products  from  A,  B's  power  bill  per  ton  is  scarcely 
greater  than  A's,  due  to  its  more  extensive  recover}'  of 
power,  proportionally,  from  its  by-product  gas  and  waste 
heat,  and  in  spite  of  the  fact  that  28  per  cent  of  its  total 
electric  power  must  be  purchased  at  a  unit  cost  of  about 
four  times  its  own  generating  cost,  all  of  its  own  power 
being  generated  by  gas  engines.  Plants  A  purchase  14 
per  cent  of  their  electric  power  consumption.  Improve- 
ments now  under  way  at  B  will  eliminate  this  excess 
burden,  and  a  truer  comparison  of  the  accomplishment 
possible  may  be  seen  in  the  second  block  of  figures,  in 
which  gas  and  waste  heat  charges  have  been  eliminated 
and  the  power  now  being  purchased  figured  at  plant  pro- 
ducing costs. 

Further  reductions  in  this  plant's  power  costs  may 
be  made  through  the  replacement  of  its  existing  boiler 
plants,  and  it  is  safe  to  say  that  this  plant,  or  any  one 
similar  in  equipment  and  power  requirements,  can  re- 
duce its  total  power  bill,  eliminating  all  charges  for  by- 
product gas  and  waste  heat,  to  about  Sj/^  per  cent  of  its 
total  ingot  cost. 

Returning  to  the  general  question  of  economic  im- 
portance of  the  steel  works  power  plant,  there  are  a  num- 
ber of  still  unmentioned  items  that  must  not  be  over- 
looked. The  investment  necessary  to  accomplish  the  sav- 
ings that  are  shown  to  be  possible  by  such  a  detailed 
analysis  is  very  often  a  large  one  and  very  often  the 
amount  is  so  large  that  the  same  investment  in  added 
steel  capacity,  or  a  different  line  of  product,  will  yield  a 
larger  return  than  will  the  power  plant.  Such  a  condi- 
tion very  often  occurs,  and  where  expenditures  must  be 
limited,  the  power  plants  have  sufl^ered  in  consequence. 
It  must  be  borne  in  mind,  however,  that  every  plant  addi- 
tion increases  the  power  plant's  responsibility,  and  while 
the  return  may  not  be  of  the  highest,  it  is  sufficiently 
attractive  to  warrant  the  expenditure,  and  economically 
the  right  thing  to  do. 

The  power  plant  is  linked  economically  with  the 
utilization  at  highest  efficiency  of  all  the  by-products  of 
the  industry  and  the  plant  that  strives  only  to  utilize  suf- 
ficient of  its  energy  producing  by-products  to  carry  its 
own  power  load  is  looking  backward,  not  forward  Elec- 
tric power  has  become  ot  such  tremendous  importance  to 
the  every-day  life  of  our  country  and  its  uses  are  con- 
stantly nuiltiplying  to  such  an  extent  that  probably  none 
of  us  fully  realize  the  power  demands  of  tomorrow.  Our 
country's  general  system  of  power  generation  from  coal 
mine  to  delivered  power  has  an  inefficiency  that  cannot 
indefinitely  be  tolerated,  and  we  are  undoubtedly  not  far 
from  the  day  of  the  super-power  transmission  system, 
possibly  under  public  service  control  similar  to  our  rail 
transportation  systems,  and  under  which  no  industry  with 
power  producing  by-products  may  escape  the  responsi- 
bility of  contributing  them  to  the  general  power  system. 
Such  an  institution  will  ultimately  result  in  economies 
to  all  industry,  in  reduced  cost  of  power,  and  to  the  steel 


plant  particularly,  in  solving  the  problem  of  the  best 
means  of  supplying  the  widely  separated  peaks  in  both 
directions,  of  power  demands  and  supply.  Public  inter- 
est in  smoke  prevention  simply  as  a  convenience  has 
forced  economy  on  many  an  industry,  and  the  power 
situation  of  today  offers  a  similar  opportunity,  but  with 
the  additional  weight  of  public  necessity  rather  than  mere 
convenience. 

We  cannot  help  but  realize  that  steel  plant  operation 
cannot  be,  and  is  not,  carried  on  under  the  wasteful 
methods  that  were  common  practice  not  so  many  years 
ago.  We  acknowledge  our  responsibility  in  the  happi- 
ness and  welfare  of  our  employes,  we  acknowledge  our 
responsibility  in  the  economic  structure  of  our  imme- 
diate conununities  and  of  the  country,  and  we  cannot  be 
blind  to  the  fact  that  the  not  far  distant  future  will  im- 
pose on  us,  and  rightfully,  the  problem  of  converting  at 
highest  efficiency  all  of  our  waste  products  into  power, 
to  the  end  that  all  industry  may  be  benefited  by  the  sur- 
plus power  thus  made  available  and  protected  by  the  re- 
sulting conservation  of  our  natural  fuel  supply. 

BRIER  HILL  STEEL  COMPANY  PLANS 

Engineers  of  the  Brier  Hill  Steel  Company, 
Youngstown,  are  continuing  their  study  of  the  com- 
pany's expansion  program,  and  directors  have  not  yet 
approved  any  program.  In  addition  to  adding  lap 
weld  tube  mills,  the  company  is  likewise  considering 
the  construction  of  butt  weld  units.  The  lap  weld 
planned  will  roll  pipe  from  2  to  12-in.  in  diameter, 
though  the  company  has  considered  units  capable  of 
rolling  16-in.  pipe.  Skelp  for  these  nulls  will  be  fur- 
nished from  the  132-in.  plate  mill,  for  the  larger  sizes, 
and  from  a  new  strip  mill,  which  is  to  be  added,  for 
the  smaller  sizes. 

According  to  plans  now  in  process,  butt  weld  units 
may  be  added  to  produce  wrought  iron  pipe,  absorbing 
part  of  the  output  of  the  Youngstown  Steel  Company 
at  Warren.  Interests  of  the  Brier  Hill  company  con- 
trol the  Youngstown  Steel  Company. 


REPORTS  ON  ACCIDENTS  IN 
STEEL  INDUSTRY 

Accidents  in  the  iron  and  steel  industry  decreased 
materially  in  1919  over  the  previous  year  accordmg 
to  a  report  recently  issued  by  the  United  States  bu- 
reau of  labor  statistics  on  "Causes  and  Prevention  of 
Accidents  in  the  Iron  and  Steel  Industry,  1910-1919." 
According  to  this  report  the  number  of  accidents  de- 
creased in  191-1-1915  over  1913  due  to  the  decline  in 
the  number  of  men  employed.  Employment  was  in- 
creasing from  May,  1915,  to  December,  1917,  the  acci- 
dent rate  for  the  same  period  showing  an  incerase.  A 
decline  started  at  this  time  and  was  in  progress  at  the 
close  of  1919. 

Each  of  the  chief  causes  of  accidents,  such  as  ma- 
chinery, falls,  etc.,  are  presented  in  such  a  way  as  to 
show  clearly  the  relative  conditions  in  the  various  de- 
partments. Considering  machinery  as  a  cause  of  acci- 
dent, it  was  found  that  the  electrical  department 
stands  at  the  head  of  the  departments  in  which  there 
were  injuries.  The  open  hearths  were  second  and  the 
fabricating  department  third  under  this  classification. 
It  was  also  found  that  under  the  classification  of  hot 
substances  and  falls  of  workers,  the  electrical  depart- 
ment stood  first  in  the  number  of  accidents. 

The  report  also  contains  a  discussion  on  method 
to  be  used  by  the  safety  man  in  the  prevention  of  acci- 
dents. 
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Underfeed  Stokers  Burn  Low  Grade  of  Coal 

Underfeed  Stokers  Specially  Designed  to  Burn  Low-Grade  Fuel 
Installed  Under  5,600  Sq.  Ft.  of  Boilers — Plant  Operates  at  High 
Rating  and  High  Efficiency. 

By  C.  E.  REESEt 


THE  boiler  plant  of  the  Sixth  Avenue  Generating 
Station  of  the  Twin  City  Rapid  Transit  Company, 
Minneapolis,  Minn.,  contains  twenty-eight  5,560  sq. 
ft.  boilers,  all  originally  fired  with  chain-grate  stokers 
and  burning  a  low  grade  fuel. 

This  station  supplies  current  to  an  electric  railway 
system  and  operates  in  parallel  with  several  hydro-elec- 
tric plants  which  are  kept  constantly  loaded  to  the  limit 
of  the  available  water  supply,  consequently  this  station 
is  required  to  lake  care  of  the  stand-by  and  the  wide  fluc- 
tuation  in  the   railway   load,   wdiich   makes   the   require- 


Fig.   1 — Boiler  room  firing  aisle. 

ment  somewhat  severe  in  both  capacity  and  efficiency  in- 
cident to  the  demands  of  a  station  operating  on  this 
class  of  service. 

Several  years  ago  it  was  decided  to  increase  the 
capacity  of  the  boiler  plant  and  to  improve  its  flexibility 
and  economy.  In  view  of  the  kind  of  coal  being  used, 
considerable  doubt  was  expressed  at  the  possibility  of 
accomplishing  the  desired  result  with  any  type  of  under- 
feed stoker  then  available,  for  the  problem  of  continu- 
ous and  satisfactory  combustion  of  clinkering  coals  of 

*Westinghouse    Electric    &    Manufacturing    Company,    East 
Pittsburgh,  Pa. 


low  grade,  high  in  ash,  moisture  and  sulphur,  had  not 
up  to  that  time  been  completely  solved. 

The  increase  in  capacity  was,  however,  successfully 
accomplished  by  redesigning  the  setting  of  six  boilers 
and  replacing  the  chain-grate  stokers  with  specially  de- 
signed ones  of  the  underfeed  type  and  has  made  possible 
the  operating  of  the  boiler  up  to  350  per  cent  of  rating, 
thereby  materially  increasing  the  capacity  of  the  boiler 
plant. 

The  boilers  on  which  the  alterations  were  made  are 
B.  &  W.  water  tube,  13  tubes  high,  21   tubes  wide  and 


Fig.  2 — Control  equipment.    A — Stoker  speed  controller.  B — 

Lever  regulating  length  of  stroke  of  secondaiy  ram.  C — • 

Uptake  damper  control.     D — Forced   draft   control.  E — 
Feed-water  valve.     F — Feed-water  flow  indicator. 

of  5,560  sq.  ft.  heating  surface  with  900  sq.  ft.  super- 
heating surface  and  no  economizers.  The  stokers  in- 
stalled are  W'estinghouse  six-retort  underfeed,  10  ft.  8J4 
in.  in  width,  10  ft.  y%  in.  in  length,  set  flush  with  tlie 
boiler  front.  As  the  bottoms  of  the  front  tube  headers 
are  only  8  ft.  above  the  floor  line,  it  was  necessary  to  set 
the  stokers  3  ft.  below  the  floor  level  to  secure  the  de- 
sired furnace  volume  of  approximately  1,300  sq.  ft. 

The  steam  conditions  at  which  the  boilers  operate  are 
190-lb.  gage  and  100  deg.  F.  superheat  at  nominal  rating. 
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Stokers  of  Special  Design. 

For  the  proper  combustion  of  the  low  grade  fuel 
used,  several  new  features  were  developed  and  incor- 
porated in  the  design  of  the  new  stokers.  The  fuel  as  it 
is  introduced  from  the  retorts  by  the  rams  is  spread  lat- 
erally by  deflecting  plates  so  as  to  cover  the  surface  of 
the  tuyeres.  The  action  of  these  plates  also  loosens  the 
fuel  which,  when  containing  large  percentages  of  moisture 
and  dirt,  becomes  densely  packed  under  the  action  of  the 
rams.  Secondary  step-shaped  rams,  located  midway  be- 
tween the  deflector  plates  and  the  grate  tuyeres,  insure  a 
continuous  movement  of  the  fuel  bed.  These  rams 
under  independent  control  extend  their  action  practically 
to  the  dump  grate,  fiUmg  in  blow  holes  which  may  start 
and  also  building  up  the  fuel  bed  to  a  uniform  thickness. 
Thus  the  au.xiliary  rams  furnish  means  for  controlling 
the  distribution  of  coal  over  the  fuel  bed  and  for  agitat- 


Fig.  3 — View  of  stoker  in  course  of  erection. 

ing  slightly  the  lower  fuel  bed.  At  the  same  time  all 
grate  surface  is  made  ef?ective  for  combustion.  Thus  it 
is  seen  that  a  fuel  bed  of  uniform  thickness  is  made  to 
travel  steadily  toward  the  rear.  In  practice  the  stoker 
has  been  found  to  nidintain  these  conditions. 

Adjustment  of  Secondary  Rams. 

The  length  of  the  stroke  of  the  secondary  rams  is 
regulated  by  one  adjustment  lever.  On  the  upper  end 
of  the  auxiliary  ram  driving  rod  is  a  block  with  four 
notches,  which  is  engaged  by  a  pin  driven  through  a 
fixed  stroke  by  a  series  of  links  from  the  primary  ram. 
According  to  which  of  the  four  notches  the  pin  engages, 
the  lost  motion  of  the  link  movement  is  taken  i:p  so  as 
to  vary  the  stroke  of  the  secondary  ram  from  zero  to  6 
in.  The  control  of  the  lost  motion  is  effected  by  the  use 
of  a  selector  block  which  slides  under  the  pin  and  pre- 
vents it  from  engaging  any  but  the  desired  notch.  The 
details  of  this  construction  are  shown  in  the  cross-sec- 
tional view  of  the  stoker. 

To  protect  the  front  and  side  walls  adjacent  to  the 
fuel  bed  and  prevent  the  formation  of  clinkers  at  this 
point,  extension  tuyeres  were  used.  These  extend 
approximately  to  the  top  of  the  fuel  bed.  Both  the  side- 
wall  tuyeres  and  front-wall  air  boxes  admit  a  limited 
amount  of  air  underneath  and  near  the  surface  of  the 
fuel  bed,  tempering  the  gases  and  forming  a  cool  blanket 
over  the  lower  furnace  walls.  The  reduced  temperature 
in  that  region  is  helpful  in  protecting  the  brickwork.  A 
battery  of   high-velocity  steam  jets  placed  in  the   front 


wall  about  18  in.  above  the  fuel  bed  surface  and  directed 
parallel  to  that  surface,  insures  complete  combustion  by 
thoroughly  mixing  the  gases  before  they  enter  the  tubes. 
These  jets  also  divert  the  gas  flow  toward  the  back  wall 
of  the  furnace,  providing  for  a  sweep  of  the  gases  over 
the  full  length  of  the  exposed  boiler  tubes. 

For  the  discharging  of  clinker  and  ash  at  the  rear 
end  of  the  grate,  duplex  dump  plates  are  provided,  one 
of  which  is  hinged  to  the  lower  end  of  the  stoker  and 
the  other  to  the  rear  wall  support.  Each  is  actuated  by 
an  individual  steam  ram  located  on  the  outside  of  the 
boiler  setting.  The  stroke  of  these  rams  can  be  con- 
trolled by  the  setting  of  a  collar  on  the  piston.  The  front 
dump  grate,  by  its  lifting  action,  may  be  used  to  break 
up  clinkers  as  they  pass  to  the  rear  dump  and  also  to 
hold  back  the  fuel  bed  when  the  rear  dump  is  dropped. 
Air  for  combustion  is  supplied  under  control  to  both 
front  and  rear  dump  grates.  This  auxiliary  air  supply 
enters  through  a  duct  enclosed  in  one  of  the  steel  mem- 
bers that  support  the  lower  end  of  the  bridge  wall.  The 
entire  grate  surface  thus  becomes  active  when  required 
and  the  carbon  is  burned  down  to  a  low  percentage  of 
the  refuse  before  dumping.  Also  ashes  may  be  dumped 
frequently  on  heavy  loads  without  interfering  with  the 
output  or  efficiency,  and  refuse  is  disposed  of  before  it 
builds  up  into  large  clinkers. 

Changes  Made  in  Baffling. 

With  tlie  increase  in  boiler  capacity  that  would  be 
obtained  by  the  installation  of  the  underfeed  stokers, 
considerable  change  was  made  in  the  boiler  baffling.     It 


Fig.  A — Showing  side  wall   tuyeres. 

was  designed  to  give  practically  a  constant  gas  velocity 
by  increasing  the  cross-section  of  the  passes  in  the  same 
ratio  that  the  gases  contract  due  to  the  abstraction  of 
the  heat  by  the  tubes.  The  bridge  wall  and  baffling  are 
so  located  as  to  expose  90  per  cent  of  the  tube  length, 
giving  a  tube  area  double  that  of  the  grate  to  absorb 
heat  by  the  direct  radiation  from  the  fire.  The  bridge 
wall  rises  from  the  dump  grate  to  a  level  with  the  sur- 
face of  the  rear  of  the  fuel  bed  and  then  recedes  to  the 
rear,  meeting  the  tubes  at  the  back  end  of  the  boiler. 
With  this  condition  of  tube  exposure,  it  is  estimated  that 
over  50  per  cent  of  the  total  heat  is  absorbed  in  the  first 
two  rows  of  tubes.  The  high  heat  absorption  du'ectly 
by  radiation  accounts  largely  for  the  low  furnace  tem- 
perature and  consequently  a  minimum  of  clinker  forma- 
tion. Before  dropping  on  the  bucket  conveyor,  the 
ashes  must  pass  through  an  8x8-in.  cast  iron  grid.     If 
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there  was  excessive  clinkering,  this  system  would  be  ob- 
jectionable because  the  refuse  would  have  to  be  reduced 
to  the  proper  size  before  it  could  be  handled  by  tlie 
conveyor. 

With  the  installation  of  the  new  stoker  and  the  re- 
dcsigiiing  of  the  furnace,  the  angles  of  the  stoker,  the 
front  and  bridge  wall  are  so  arranged  that  the  radiant 
heat   which   does   not   enter   the    tube     surface    directlv 


Fig.  S — Section  showing  details  of  stoker. 

reaches  the  boiler  with  but  one  reflection.  Such  a  con- 
dition means  that  the  maintenance  of  furnace  walls  and 
other  brickwork  is  considerably  lowered  by  the  elimina- 
tion of  double  and  triple  reflections,  .\fter  18  months' 
operation  the  furnace  settings  have  required  no  repairs 
of  brick  linings  and  there  is  practically  no  accumulation 
of  slag  on  the  walls. 

The  area  of  the  superheater  surface  was  increased 
approximately  63  per  cent,  as  it  was  estimated  that  the 
temperature  of  the  gases  as  they  entered  the  second  pass 
would  be  considerably  lower  than  formerly,  owing  to 
the  heat  absorbed  directly  from  the  fuel  bed  by  the 
first  two  rows  of  tubes,  and  to  the  change  in  the  baf- 
fling. The  superheater,  consequently,  was  lengthened  so 
that  the  bends  extended  over  the  first  pass  instead  of 
merely  up  to  the  lirst  baffle.  'J'bis  gives  the  effect  of  a 
double-pass  superheater.  Its  area  was  incre?.!5ed  from 
550  to  900  sq.  ft.  by  this  extension  to  be  sure  that  at 
least  the  same  superheat  would  result.  When  operating 
at  about  170  per  cent  of  rating,  the  superheat  formerly 
averaged  about  100  deg.  F.  and  the  chart.  Fig.  6A,  shows 
how  it  was  increased  to  140  deg.  F.  at  this  rating  and 
also  how  it  continued  to  increase  as  the  boiler  was  forced 
to  higher  ratings. 

The  construction  of  the  rear  bafHe  as  worked  out 
made  it  unnecessary  to  utilize  the  superheater  headers  to 
support  the  bafHe  tile.  Instead  of  bafifle  tile  in  that  posi- 
tion, between  the  lower  superheater  headers  and  the 
boiler  drums,  J/2  in,  Transite  hoard  has  been  used.  It  is 
secured  between  two  "L"  holders,  the  upper  one  being 


hung  from  %-in.  rods  passing  over  the  boiler  drums. 
The  lower  one  is  built  into  the  section  of  tile  baffling 
resting  on  the  upper  rows  of  boiler  tubes.  Seven  sec- 
tions, 21  in.  by  4  ft.,  are  required  per  boiler,  each  section 
being  reinforced  vertically  with  an  angle  and  a  channel. 
The  advantage  of  this  type  of  construction  is  that  the 
baflling  is  readily  removable  and  that  it  is  independent 
of  the  expansion  and  contraction  of  the  superheater 
risers. 

By  referring  to  the  boiler  record  chart.  Fig.  7,  it 
win  be  seen  that  the  equipment  has  demonstrated  the  pos- 
sibility of  operating  at  any  capacity  up  to  350  per  cent 


Fig.  6 — Performance  test  curves  at  100  to  350  per  cent  rating. 

of  rating.  At  this  high  rating  low  grade  fuel  is  burned 
at  a  rate  of  one  ton  per  retort  per  hour,  and  the  refuse 
is  disposed  of  with  no  excessive  loss  of  carbon  or  loss 
of  capacity  or  efficiency  while  dumping.  Whether  this 
high  rating  is  the  limit  of  the  stoker  capacity  has  not  yet 
been  determined,  for  the  rate  of  evaporation  v/as  lim- 
ited by  the  capacity  of  the  feed  pump  and  the  feed  line 
to  supply  the  boiler  with  water. 

This  design  of  stoker  and  furnace  has  demonstrated 
other  advantages.     It  is  possible  to  control  the  air  supply 


November,  1922 


HipBlasf  FumaceSSlpcl  Planf 


591 


to  the  most  efficient  proportions,  little  if  any  slag  is 
formed  on  the  furnace  wall,  and  the  highest  efficiency  is 
secured  at  or  near  normal  rating.  The  stoker  main- 
tenance has  been  low  and  the  percentage  of  combustible 
in  the  ash  has  been  reduced  to  a  negligible  proportion. 

In  Fig.  6  are  shown  the  curves  that  were  obtained 
from  a  series  of  12  tests,  at  outputs  ranging  from  100 
to  350  per  cent  of  rating,  conducted  under  the  direction 
of  E.  H.  Scofield,  engineer  of  power,  and  by  representa- 
tives of  the  Westinghouse  Electric  &  Manufacturing  Corn- 


Fig.  6A — Performance  test  curves  at  100  to  350  per  cent  rating. 

pany  and  of  the  Twin  City  Rapid  Transit  Company.  The 
fuel  characteristics  and  operating  conditions  varied  as 
outlined  in  the  following  tabulation,  the  result  of  each 
test  being  reduced  to  a  basis  of  conditions  shown  in  the 
third  column : 


Coal —  Minii) 

Moisture,  per  cent 14 

Ash,   per   cent 16 

Sulphur,  per  cent 

Volatile,  per  cent 32 

Fixed  Carbon,  per  cent...      4S 

Ash  fused,  at  deg.  F 

Btu.  commercial   882" 

Btu.  dry     


Curve 

«m  Maximum 

Basis 

20 

18 

22 

18 

.5              5 

4 

35 

?i3 

48 

45 

2100 

9750 

9550 

11650 

Btu.  combustible   ..  14200 

CO=  at  top  of  third  pass,  per  cent. .. .       13.5  15.5  14-15 

Carbon  in  refuse,  per  cent 13.0  20.0  15-20 

Uptake  temperature,  deg.  F 415  740  400-750 

While  the  efficiencies  on  test  range  from  77  per  cent 
at  normal  rating  down  to  60  per  cent  at  350  per  cent  of 
rating,  the  average  operating  economy  is  placed  at  about 
70  per  cent.  Considering  the  wide  and  sudden  variations 
in  load  and  the  character  of  the  ftiel,  this  performance 
is  excellent.  It  may  be  compared  to  an  average  of  60 
per  cent  for  the  old  installation. 

That  considerably  better  results  can  be  expected  with 
a  higher  grade  of  fuel  was  indicated  by  four  tests  made 
at  loads  ranging  from  200  to  275  per  cent  of  rating  with 
Harrisburg  screenings  of  the  accompanying  analysis.  The 
results  are  indicated  by  the  squares  in  Fig.  6. 


Fig.  7 — Per  cent  boiler  rating  developed. 

ANALYSIS  OF  HARRISBURG  SCREENINGS 

Combustible   77.87 

Moisture   9.90 

Ash    12.23 

Volatile— dry  coal  29.48 

Fixed   carbon    54.11 

Sulphur   2.81 

Ash    13.60 

Btu.  commercial     1 1,304 

Btu.  dry  coal    12,541 

Btu.  combustible    14,514 

During  the  12  tests  no  large  clinkers  were  formed  at 
any  time,  no  slice  bar  work  was  required  on  either  side 
wall  or  bridge  wall,  and  no  slag  formed  on  the  furnace 
walls  or  boiler  tubes.  The  dumping  periods  were  fre- 
quent and  there  was  no  appreciable  drop  in  the  percent- 
age of  CO^  or  in  the  steam  flow.  Such  furnace  condi- 
tions provide  a  unit  of  great  flexibility  peculiarly  adapted 
to  stand-by  and  intermittent  demands  and  to  meet  the 
most  exacting  requirements  of  railway  and  power  loads. 
They  also  reduce  the  banking  losses  to  a  low  figure,  the 
amoimt  consumed  during  banked  period  being  around 
250  lbs.  per  boiler  hour. 
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Corrosion  Control  by  Deactivation  of  Water 

Relative     Rate     of     Corrosion — Protective     Coatings — Dissolved 
Oxygen  in  Water — Oxygen  Removal  by  Chemical  Means. 

By  FRANK  N.  SPELLER,,*  B.A.Sc.  Member  A.  S.  M.  E. 
PART  II 


Temperature 
Control 


TWl'lNTY  or  more  of  such  plants  have  been  put 
into  operation  to  protect  the  hot-water  systems  of 
large  buildings  in  the  United  States  during  the 
past  two  years.  There  is  no  practical  difficulty  that 
has  not  been  overcome  in  operating  such  plants.  The 
residual  oxygen  may  vary  from  zero  to  about  .75  c.c. 
per  litre  during  certain  parts  of  the  day  without  doing 
perceptible  damage.  It  is  more  difficult  to  remove  the 
last  traces  of  oxygen 
which  in  any  case  have 
a  negligible  influence 
from  a  practical  stand- 
point, but  when  the  rate 
of  flow  slows  down,  the 
oxygen  is  more  com- 
pletely removed  and  a 
large  volume  of  deacti- 
vated water  is  thus 
available  for  use  at  any 
time.  So  far,  experi- 
ence indicates  that  the 
metal  should  be  re- 
moved from  the  deacti- 
vating tank  every  two 
or  three  years,  depend- 
ing on  the  demands  of 
the  system.  That  which 
has  been  only  partially 
consumed  may  be 
cleaned  and  put  back 
with  new  sheets.  Do- 
mestic water  carries  on 
the  average  for  the  year 
10  p. p.m.  of  oxygen  by 
weight  which  will  con- 
sume about  0.2  pounds 
of  iron  per  1,000  gal- 
lons, which  represents 
a  saving  of  that  much 
iron  in  useful  form  in 
the  more  inaccessible 
parts  of  the  plant. 

Deaeration  By 

Mechanical  Means. 

Experimental  work 
on  0X3'gen  removal  at 
low  pressure  and  high 
t  e  m  p  e  r  a  t  u  res  with 
which  the  author  has 
been  associated,  usually 
gave  an  oxygen  content 
lower  than  the  theoreti- 
cal figure,  due  to  corro- 

*CotniTiunication  to  the 
Franklin  Institute. 


sion  of  the  apparatus.  With  sufficient  lime  and  where 
the  water  is  broken  up  by  spraying  or  passing  over  baf- 
fles, the  theoretical  minimum  oxygen  can  always  be  ob- 
tained. Many  tests  in  service  have  indicated  that  most 
of  the  conunon  types  of  open  feed  water  lieaters  when 
properly  vented  and  operated  without  excessive  load  will 
give  appro.ximately  the  theoretical  minimum  of  oxygen 
as  indicated  in  saturation  curves  (Fig.  1).* 

It  is  a  comparatively 


*iVent  to 
1/  I  Atmosphere 


Recording 

Thermometer 


easy  matter  to  remove 
80  per  cent  of  the  dis- 
solved gases  by  me- 
chanical means  but 
very  difficult  to  remove 
the  last  5  per  cent,  so 
that,  as  in  the  case  of 
chemical  deactivation, 
before  designing  a  plant 
it  is  important  to  deter- 
mine what  amount  of 
residual  oxygen  will  be 
harmful  under  stated 
conditions.  This  de- 
pends on  the  tempera- 
ture, volume  of  water 
handled,  and  other  fac- 
tors, and  must  be  esti- 
mated for  any  particu- 
lar set  of  conditions  be- 
fore undertaking  the 
design  o  f  deaerating 
equipment.  The  de- 
aerating  efficiency  de- 
sired  will  evidently 
have  much  to  do  with 
determining  the  most 
economical  form  of  ap- 
paratus to  use.  A  few 
types  which  have  been 
developed  and  tried  out 
will  be  described 
briefly. 

Deaeration  of 
Hot  Water. 

A  simplified  form  of 
deaerator,  developed  by 
the  Anti-Corrosion  En- 
gineering  Company   of 


,  To  House 
Heaters 


Fig.  9 — Deaerator  operating  at  atmospheric  pressure. 


*The  .\uthor  is  indebted 
to  Mr.  G.  H.  Gibson  of  the 
H.  S.  B.  W.-Cochrane  Cor- 
poration, Philadelphia,  Pa., 
for  considerable  data  on 
this  point  which  were  ob- 
tained from  heaters  in  op- 
eration. 
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Fig.  10 — Deaerators — Passyunk  Central  Heating  Plant,  Philadelphia,  Pa. 
(Designed  by  Anti-Corrosion  Engineering  Co.) 


Vent 


New  York,  is  shown  in  Fig.  9.  This  operates  at  at- 
mospheric pressure  and  consists  of  three  essential 
parts  which  may  be  combined  in  one  shell  as  indicated  in 
Fig.  9.  These  are :  A  heater,  heat  exchanger,  and  de- 
aerating  chamber.  An  ingenious  method  of  tempera- 
ture control  is  provided  which  is  desirable  for  efficient 
operation  so  that  the  temperature  will  not  vary  more 
than  3  or  4  degrees  from  208  deg.  F.  at  any  time. 

The  cold  water  entering  at  the  point  shown  near  the 
bottom  of  the  apparatus  is  partially  heated  in  passing 
up  through  the  tubes  of  the  heat  exchanger  by  the 
warmer  water  coming  down.  After  leaving  the  heat- 
ing section,  the  temperature  of  the  water  will  be 
about  208  deg.  F.  After  passing  oven  baffles  of  the 
vented  deaerating  chamber  at  this  temperature,  the 
oxygen  contents  are  found  to  be  reduced  to  about  0.4 
c.c.  per  litre,  which 
may  be  still  further 
reduced  by  passing 
through  zinc  scrap  or 
other  deactivating  ma- 
terial if  desired.  Us- 
ually, however,  this  is 
not  necessary. 

Several  of  these 
plants  have  been  in- 
stalled in  large  build- 
ings and  appear  to  be 
fulfilling  their  purpose 
in  a  satisfactory  man- 
ner. This  method  of 
removing  5ree  oxygen 
has  been  designed  from 
experience  in  high 
buildings  which  obtain 
their  water  pressure 
from  open  stand-pipes 
placed  at  a  high  level. 
The  same  scheme  has 
been  adapted  to  cases 
where  the  hot  water  is 
repumped  and  recircu- 
lated as  in  the  plant  in- 
stalled for  the  Girard 
Estate  Passyunk  Pow- 
er Plant,  Philadelphia, 
Pa.  This  plant  was  de- 
scribed  by  Robert 
Hughes,  Chief  Engineer 
of  the  Girard  Estate.* 
It  includes  a  hot-water 
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service  system  for  500  houses  to  which  the  water  is 
pumped  through  a  four-inc'h  wrought  pipe  with  a  three- 
inch  return  loop.  The  piping  was  so  badly  damaged 
and  clogged  by  corrosion  after  10  years  that  it  was 
decided  to  try  deaeration.  A  plant  was  installed  in 
1920,  on  the  principle  of  that  shown  in  Fig.  9,  except 
that  the  heater  was  independent  of  the  deaerator  and 
heat  exchange  units.  This  plant  is  illustrated  diagram- 
matically  (Fig.  10).  The  temperature  is  kept  within  a 
range  of  194  deg.  to  210  deg.  the  oxygen  being  thereby 
reduced  to  a  maximum  of  0.5  c.c.  per  litre.  They  re- 
port that  corrosion  has  been  brought  under  complete 
control  and  the  old  rust  and  scale  in  the  piping  removed 
to  a  large  extent.  The  removal  of  the  hard  rust  after 
the  oxygen  contents  of  hot  water  have  been  reduced 
at  about  0.5  c.c.  per  litre  is  a  very  interesting  and  un- 
foreseen development 
which  was  observed  in 
the  first  deactivating 
plant  installed  by  the 
author  in  1915.  The 
disintegration  of  this 
old  rust  is  perhaps  due 
to  dehydration  or  may 
also  be  due  to  a  reduc- 
tion of  some  of  the  fer- 
ric hydroxide  to  a  lower 
hydroxide  which  is 
more  soluble. 

Another  type  of  me- 
chanical deaerator  has 
been  designed  and  built 
by  W.  S.  Elliott,  one 
form  of  which  for  large 
buildings  is  illustrated 
(Fig.  11)  which  oper- 
ates as  follows:  Raw 
water  is  taken  from  the 
supply  line  and  con- 
ducted through  the 
cooling  circuit  of  the 
main  surface  condenser, 
which  is  designated  in 
the  diagram  a  s  "con- 
denser." From  the  sur- 
face condenser  the  wa- 
ter passes  to  the  heater, 
the  flow  of  the  g^reater 


Air  Ejector 


Conder^ser 


Cold  Water  Inlet 


Roof  of  Building 


Fig.  11 — Deaerator  operating  at  reduced  pressure. 


*Journal  Am.  Soc.  H. 
and  V.  Engrs.,  March, 
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portion  of  it  being 
controlled  by  the  inlet 
valve  of  the  heater.  A 
small  portion  of  t  h  e 
water  is  by-passed  to 
the  heater  through  the 
cooling  c  i  r  c  u  i  t  of  a 
small  surface  condens- 
er, designated  as  an 
"auxiliary  condenser," 
the  function  of  which 
is  to  condense  the 
steam  used  in  the  air 
ejector  and  recover 
the  heat. 

From  the  heater  the 
water  flows  by  gravity 
to  the  separator,  the 
rate  of  flow  being  con- 
trolled by  the  inlet 
valve  of  the  separator. 
In  the  separator,  the 
air  is  removed  by  sud- 
denly introducing  the 
heated  water  into  a 
region  of  vacuum  in 
which  the  vapor  pres- 
sure corresponding  to 
the  vacuum  is  lower 
than  that  correspond- 
ing to  the  temperature 
of  the  entering  water. 
The  water  boils  ex- 
plosively, its  tempera- 
ture is  lowered  to  the 
temperature  of  the 
vacuum  and  the  dis- 
solved gases  separated.  Some  portion  of  the  water  is 
evaporated  into  steam  in  the  separation  process  and 
the  rest  of  it  flows  into  the  service  pump  line.  The 
portion  which  has  flashed  into  steam,  mixed  with  the 
separated  gases,  is  drawn  into  the  surface  condenser 
which  is  attached  to  the  separator  shell  where  the 
stream  is  condensed  and  the  condensate  returned  to 
the  separator;  the  heat  of  the  stream  is  returned  to 
the  cooling  water,  and  the  non-condensable  gases  are 
removed  by  steam  jet  air  ejector.  From  the  separator, 
the  hot  deaerated  water  is  delivered  to  the  hot-water 
service  line. 

When  correctly  designed  and  operated  at  the  proper 
rate,  it  is  reported  that  very  low  oxygen  contents  can 
be  obtained  with  this  apparatus.  It  would  seem  that 
this  form  of  deaerator  is  one  that  would  be  best  adapt- 
ed for  larger  power  plant  work,  for  instance  where  it 
is  necessary  to  keep  the  oxygen  contents  of  large  quan- 
tities of  feed  water  below  0.2  c.c.  to  preserve  steel  econ- 
omizers. One  has  been  installed  quite  recently  in  the 
Delaware  plant  of  the  Philadelphia  Electric  Company. 

Deaeration  of  Cold  Water. 

Water  at  normal  temperature  usuallj'  has  a  com- 
paratively low  rate  of  corrosion  and  does  no  serious 
damage  to  galvanized  pipes  within  20  or  30  years,  but 
there  are  exceptional  locations  where  the  cold  water 
is  more  active  or  where  the  corrosion  which  does  occur 
causes  considerable  inconvenience  through  clogging  of 
the  system  with  a  bulky  form  of  rust. 

Then  again  cold  salt  water  is  more  active  than  fresh 
water  and  causes  considerable  damage  in  the  seaside 
hotels,  bath  houses,  and   in   large  condensing  plants. 


l^ent 


Vacuum  Line 
^ 


Vacuum  Gauge 


yPump  Discharge 

^Steam  Turbine 

to 


Boiler  Feed  Pumps 
Fig.  12 — Combined  deaerator  and  deactivator  £or  boiler  feed  water. 


Such  corrosion  can  us- 
ually be  reduced  to  a 
negligible  amount  by 
deaeration.  The  pro- 
cess of  deactivation  by 
steel  sera])  is  usually 
too  slow  and  therefore 
not  economical  for 
water  at  normal  tem- 
perature, so  that  for 
such  conditions  we  are 
forced  to  use  a  high 
vacuum  aparatus.  By 
reference  to  the  dia- 
gram, Fig.  2,  it  will  be 
seen  that  with  a  vacu- 
um of  23  inches  of 
mercury,  about  80  per 
cent  oxygen  removal 
may  be  accomplished 
with  water  at  65  deg. 
F.,  which  is  as  much 
as  should  be  needed  ; 
in  fact,  a  much  lower 
percentage  deaeration 
would,  no  doubt,  suf- 
fice in  most  cases. 

Incidentally  it  may 
be  of  interest  to  note 
that  deaeration  has 
been  usefully  applied 
to  cyanide  solutions 
used  in  the  extraction 
of  gold.  In  19  16 
Thomas  B.  Crowe  pat- 
ented a  "Process  of, 
and  Apparatus  for. 
Precipitating  Materials  from  Solution"  (U.  S.  Patent 
Nos.  1,281,249  and  1,321,985),  in  which  the  essential 
element  is  the  deaerating  of  the  gold  cyanide  solution 
by  means  of  a  vacuum  deaerator  before  the  solution  is 
treated  with  zinc  for  the  precipitation  of  the  gold.  Re- 
moval of  the  dissolved  oxygen  from  the  solution  pre- 
vents the  formation  of  zinc  oxide,  which  is  said  to 
save  about  50  per  cent  of  the  zinc  and  cyanide  formerly 
used.  The  Crowe  Process,  as  it  is  now  called,  was 
first  installed  at  the  Portland  Mill  at  Colorado  Springs, 
Colo.,  but  has  since  been  put  in  use  at  other  mills  in 
the  United  States  and  abroad.  The  chemical  reaction 
taking  place  in  precipitating  the  gold  may  be  repre- 
sented as  follows : 

KAu(Cn).  +  Zn-f  H„0  = 
Zn(Cn),  +  Au  +  H  +  KOH 

When  dissolved  oxygen  is  present,  it  has  been 
found  that  zinc  oxide  is  formed  and  that  considerable 
excess  KCn  is  required  to  completely  precipitate  the 
gold. 

Deaeration  for  prevention  of  corrosion  of  a  30-inch 
steel  main  at  a  maximum  temperature  of  85  deg.  F. 
has  been  successfully  applied  on  a  large  scale  in  the 
Coolgardie  Mining  District,  W^estern  Australia.*  This 
water,  which  is  highly  corrosive,  is  sprayed  into  a 
chamber  under  high  vacuum.  After  operating  for  a 
few  years,  the  results  show  that  the  deaerator  extracts 
about  80  per  cent  of  the  dissolved  o.xygen  and  the  cor- 


^ 


*.'\  description  of  this  apparatus  is  found  on  pa.ges  83  and 
84  of  a  paper  by  O'Brien  and  Parr  on  "The  Coolgardie  Water 
Supply,"  Ins.  of  C.  E.,  vol.  205,  Session  1917-1918,  Part  I. 
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rosion  activity  is  reduced  by  this  means  to  about  one- 
quarter  of  the  original  amount.  The  residual  oxygen 
is  removed  after  passing  through  about  30  miles  of 
this  pipe,  after  which  the  corrosion  is  reported  to  be 
negligible  from  observations  made  on  steel  test  pieces. 
This  water  carries  a  small  amount  of  magnesium  chlor- 
ide otherwise  corrosion  would,  no  doubt,  be  still  further 
reduced  by  deaeration. 

European  Practice  In  Mechanical  Deaeration. 

Mr.  G.  Paris,  in  his  paper  on  "Corrosion  of  Iron  and 
Its  Suppression  by  the  Degasifying  of  Water,"*  gives 
the  most  complete  account  which  has  yet  been  pub- 
lished of  work  which  has  been  done  on  this  problem  in 
Europe,  most  of  the  practical  end  of  which  has  been 
done  during  the  past  few  years.  He  points  out  the 
drawback  of  degasification  under  high  vacuum  due  to 
the  difficulty  of  holding  the  vacuum  in  apparatus  of  a 
large  size  and  that  the  minimum  oxygen  content  is 
limited  by  the  saturation  point  of  water  for  any  par- 
ticular temperature  and  pressure.  Evidently  his  ex- 
perience has  not  been  so  favorable  as  we  have  found 
with  apparatus  of  this  class. 

Several  types  of  open  feed  water  heaters,  and  de- 
aerating  apparatus,  are  described  for  extracting  ex- 
cess gas  from  water  under  pressure,  with  some  new 
devices  for  separating  gases  mechanically  from  hot 
water  under  vacuum.  The  laws  of  solubility  of  gases 
in  water  indicate  that  to  attain  sufficiently  low  oxygen 
to  prevent  corrosion,  the  temperature  should  be  at  or 
near  the  boiling  point  for  any  particular  pressure  which 
in  practice  requires  a  prohibitive  temperature,  where 
the  pressure  is  high,  so  that  it  has  been  found  most 
economical  to  work  deaerators  at  atmospheric  pressure 
or  lower. 

The  apparatus  made  by  "Balke."  of  Bochum,  Ger- 
many, for  the  e.xtraction  of  gases  from  hot  or  cold 
water  seems  to  have  given  good  results.  The  water 
at  normal  temperature  is  violently  sprayed  into  a 
chamber  carrying  a  90  per  cent  vacuum,  the  disen- 
gaged gases  being  drawn  ofT  by  an  air  pump  into  a 
condenser.  The  following  results  have  been  published 
in  Mr.  G.  Paris'  paper  (ibid)  : 

Amount  of  .'Kmount  of 

0=  in  cu.  cent.    CO2  in  cu.  cent, 
per  litre.  per  litre. 

Degasification 
Before    After      Before  After 
Installation  of  50  cu.  metres,  90 
per  cent,   vacuum,   average 

temp.  20  deg.   C 11.56        0  1.34        0 

Installation  of  50  cu.  metres.  90 
per  cent,  vacuum,  average 
temp.  26  deg.  C 8.6  0.03         19.65         0 

The  Coolgardie  deaerator  operating  with  water  at 
a  maximum  temperature  of  85  deg.  F.  is  reported  to 
give  over  80  per  cent  extraction  of  gas  at  high  vacuum. 
The  residual  oxygen  reported  with  the  Balke  apparatus 
operating  cold  seems  altogether  too  low  to  be  attained 
under  conditions  described. 

The  "Balke"  apparatus  for  degasifying  hot  water, 
several  of  which  are  reported  to  have  been  built,  con- 
sists of:  A  horizontal  tank  with  transverse  vertical 
partitions  so  arranged  as  to  cause  the  water  heated  by 
steam  in  the  first  compartment  to  pass  up  and  down 
through  a  circuitous  course.  The  gases  given  off  are 
collected  by  a  manifold  connected  to  the  top  of  each 
compartment  into  a  common  main.    It  will  be  seen  that 


this  is  practically  an  open  type  feed  water  heater.  The 
treated  water  is  passed  into  a  closed  tank  where  it  is 
kept  out  of  contact  with  air  by  an  atmosphere  of  steam 
or  nitrogen.  The  following  results  are  reported  oper- 
ating at  100  deg.  C.  (ibid.)  : 

Amount  of  Amount  of 

02incu.  cent.    CO:  in  cu.  cent, 
per  litre.  per  litre. 

Installations  Degasification 

Before     After      Before  After 
Centrale  Electrique  de  Treves.     10.50         0.22  1.13        0.00 

Mine  .A.dolphe   6.56        0.00  5.00       0.40 

W'esterwald    5.90        0.00  1.50       0.00 

Combination  of  Mechanical  and  Chemical 
Deaeration. 

It  is  obvious  from  the  laws  governing  the  solubility 
of  gases  in  water  and  experience  with  deaerators  built 
on  this  principle,  that  the  percentage  of  oxygen  re- 
moval possible  is  limited  to  the  theoretical  saturation 
point  of  oxygen  in  water  at  any  particular  temperature 
and  pressure,  whereas  chemical  deactivation  when 
given  sufficient  time  will  go  on  at  any  temperature  and 
pressure  until  all  the  available  oxygen  is  exhausted. 
It  would  therefore  seem  that  where  very  large  volumes 
of  water  have  to  be  completely  deaerated,  or  nearly  so, 
an  economical  type  of  apparatus  would  be  one  in  which 
the  bulk  of  the  free  oxygen,  which  is  easy  to  remove, 
is  extracted  by  some  simple  and  economical  form  of 
deaerator  and  the  residual  oxygen,  say  the  last  5  or 
10  per  cent,  by  chemical  treatment.  The  latter  may  be 
accomplished  by  a  few  minutes'  contact  with  a  suita- 
ble form  of  sheet  iron  scrap  or  by  reaction  with  ferrous 
hydrate  from  the  addition  of  ferrous  sulphate  and  lime. 
The  action  of  ferrous  hydrate  is  almost  instantaneous 
but  requires  a  reliable  proportional  feed  of  reagents. 
The  combination  of  sheet  iron  deactivator  with  a  pre- 
liminary deaeration  has  been  employed  in  treating  the 
hot  water  of  one  of  the  largest  apartment  houses  of 
New  York  (Park  Avenue  and  48th  Street).  The  water 
for  the  hot-water  supply  system  is  first  put  through 
a  deaerator  of  the  type  shown  in  Fig.  9,  located  a  little 
below  the  stand-pipe  on  the  roof,  and  is  then  brought 
down  to  a  steel  deactivator  in  the  basement  before  en- 
tering the  system.  This  gives  almost  perfect  protec- 
tion to  the  hot-water  pipes.  Another  design  for  a  com- 
bination plant  for  power  plant  service  is  shown  in  Fig. 
12*  which  includes  an  ordinary  vented  open  type  heater 
from  which  the  water  is  passed  into  a  tank  at  lower 
pressure  but  not  so  low  as  to  boil  the  water,  so  that 
no  condenser  is  required.  The  residual  oxygen 
amounting  to  about  0.5  c.c.  per  litre  is  finally  extracted 
by  passing  through  steel  scrap  placed  in  the  lower  part 
of  the  vacuum  tank.  A  vacuum  control  apparatus  is 
attached. 

Conclusion. 

From  this  outline  of  the  present  status  of  corrosion 
prevention  by  deactivation  and  deaeration  of  water, 
the  reader  may  gather  some  idea  of  the  important  ap- 
plication of  these  principles  to  the  conservation  of  iron 
and  other  metals  in  closed  systems — ^for  what  has  been 
said  of  the  protection  afforded  to  iron  applies  equally 
well  to  brass  and  other  metals  which  are  subject  to 
attack  by  water.  As  a  rule,  cold  water  does  not  seri- 
ously attack  pipes  or  tanks  in  the  life  of  a  building  or 
pipe  line,  but  there  are  notable  exceptions  to  this  rule. 
The  experience  with  the  Coolgardie  (West  Australia) 
30-inch  pipe  line  and  the  satisfactory  results  of  par- 
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TABLE    I 
Summary  of  Results  of  Investigations  of  the  Corrosion  of  Wrought  Iron  and  Steel  Pipe  in  Hot  Water  Supply  Service. 


11 


Where  Test  Was 
Made 


Length  of 
Time  Pipe 
Lines  Were 
lu  Service 


AutboTlty  and 
Ileference8 


Number  of 
Cases  on  Record 


Average  of  Deepest  Pits,  Inches 


Wrought 
Iron 


Steel 


Conclusions 


West  41st  St.  Pub- 
lic Baths,  New 
Vork  City. 


1921  West  41st  St.  Pub- 
lic Baths,  New 
York   City. 


1!)21  William  Penn  Ho- 
tel, Pittsburgh, 
Pa. 


1919  Irene  Kautmann 
Settlement.  Pitts- 
burgh,  Pa. 


4  yrs.,  6  mos. 


1919    Harvard  University 
Cambridge, 
Mass. 


1918    Brown     University, 
Providence,   R.   I. 


This  test  was  con- 
ducted in  four 
difterent  places  as 
follows: 
1917  (A)  West  41st  St. 
Bath,  New  York. 
(Bl  East  76th  St. 
Bath.    New   York. 

(C)  East  109th  St. 
Bath.    New    York. 

(D)  Cherry  and 
Oliver  Sts.  Bath 
New  York. 


Charles  BaskervlUe, 
Prof,  o  f  Chem., 
College  of  the  City 
of  N.  Y.  Reported 
June  22,  1921. 


10  years 


Fourteen  sections  of 
steel  of  three  dif- 
ferent makes,  6 
sections  of 
wrought  iron  pipe. 


Five  sections  of 
steel,  one  section 
of  wrought  iron 
pipe. 


4  yrs,  7  mos.  Jas.  O.  Handy,  Dlr. 
Special  Investiga- 
tions Pgh.,  Test- 
ing Lab.  Reported 
July  11,  1921. 


2  yrs.,  7  days  James  O.  Handy, 
Technical  Direc- 
tor, Pittsburgh 
Testing  Labora- 
tory. Report  made 
to  Resident  Direc- 
tor Teller.  Jan.  22, 
1920;  p.  97,  Jan., 
1920,  A.  S.  H.  &  V. 
Engrs. ;  p.  276, 
Mar.,  1920,  A.  S. 
H.  &  V.  Engrs. 


3  yrs. 


11  mos. 


(A)  2  yrs., 
9%  mos. 
(Bl  2  yrs., 

5  mos. 

(C)  2  yrs.. 

6  mos. 

(D)  2  yrs. 
6  mos. 


1916    Irene    Kaufmann         10  mos. 
Settlement.       Pitts- 
burgh, Pa. 


Melville  C.  Whipple 
Prof.  of  San. 
Chem.,  Harvard 
University.  Jrn'l 
New  Englii  id  Wa- 
ter Wks.  Assn., 
p.  42,  Mar.,  1920. 


Wm.  F.  Keuerson, 
Professor  of  Me- 
chanical Engineer- 
ing, Brown  Uni- 
versity. Report 
made  June  7,  1918. 
Bulletin  2  —  "Cor- 
rosion of  Hot  Wa- 
ter Piping."  Na- 
tional Tube  Com- 
pany. 


James  S.  Macgregor, 
Instructor  in  Civil 
Engineering.  Co- 
lumbia University. 
Report  made  Jan.- 
March,  1917.  Bul- 
letin 2  —  "Corro- 
sion of  Hot  Water 
Piping."  National 
Tube  Co. 


Jas.  O.  Handy, 
Technical  Direc-i 
tor  Pitts  burgh 
Testing  Labora- 
tory. Report  made 
October  31,  1916. 
p.  125,  1917  Trans. 
of  A.  S.  H.  &  V. 
Engrs. 


Fifteen  lengths  of 
steel,  15  lengths  of 
wrought  iron  ar- 
ranged alternate- 
ly. 


Two  sections  each  of 
scale-free  (steel) : 
galvanized  steel, 
copper  steel  and 
wrought  Irou  pipe. 


Two  sections  each  of 
black  and  copper 
steel  and  wrought 
iron :  one  section 
e;ich  of  galvanized 
and  copper  steel, 
galvanized. 


(A)  3  sections  each 
of  wrought  iron 
and  steel  pipe.  (B) 
4  sections  of  steel 
and  2  of  wrought 
iron. 

(C)  Same  as  test   B. 

(D)  Oneeeotion  each 
of  steel  and  cop- 
per steel. 


Seven  sections  of 
steel  and  4  of 
wrought  iron  pipe. 


Lot 
Lot 
Lot 


0.0592 


0.0606 


(1)    0.0497 

(2)    0.0535 

(3)    0.0544 

Average  0.052S 


0.0532 


Four    sections    each       0.1095 
of  wrought   iron 
and    steel   pipe. 


0.1144 


0.094 


0.1095 


0  073 


0.0674 


Scale- Free 

0.045 

Copper  Steel 

0  068 

Galv.inized 

0.078 


Black  Steel 

0.O544 

Copper  Steel 

0.0639 

Galvanized 

0.0547 

Copper  Steel  Gal. 

0.0938 


(A)  0.0.".- 

0.052 

(B)  0.075 

0.070 

(C)  0.033 

0.0.35 

(D)  Steel 

0.021 

Copper  Steel 

0.022 

0.116 


O.UO 


'Wrought  Iron  showed  deep- 
est pitting.  Appearance 
of  corroded  surfaces  w-as 
characteristic  —  wrought 
iron  showing  isolated 
'pits',  steel,  a  more  gen- 
eral corrosion  with  'lakes' 
well  distributed  with  more 
or  less  uniformity.  The 
more  uniform  corrosion  of 
the  steel  is  a  fact  of  no 
little  importance." 


"Such  differences,  which 
conflrm  previous  tests, 
are  conclusive  as  to  the 
relative  resistance  to  cor- 
rosion of  steel  and 
wrough  iron  pipe  in  hot 
water  lines." 

"These  figures  show  that  no 
marked  distinction  is  pos- 
sible between  the  rate  of 
corrosion  of  the  steel  and 
the  iron  pipe." 


"Judging  from  the  depths  of 
pitting  .and  the  general  ap- 
pearance of  the  inside  of 
the  pipe,  it  was  evident 
that  so  far  as  the  condi- 
tions of  this  particular 
experiment  with  the  Cam- 
bridge hot  water  service 
were  concerned,  scale-free 
pipe  had  suffered  less  real 
damage  than  any  of  the 
others  .after  three  years' 
exposure." 

"There  is  evidently  no 
marked  superiority  o  f 
either  the  wrought  iron  or 
steel  for  the  test  condi- 
tions described.  .  .  .  The 
wrought  iron  failed  first 
by  developing  the  deepest 
pits.  The  steel  developed 
a  greater  number  of  shal- 
lower ones." 


Taking  the  tot.al  averages 
of  steel  (which  include 
scale-free  and  copper 
steel,  as  well  as  ordinary 
black)  pipe  as  against 
those  tor  iron  in  the  four 
tests,  we  find  the  latter  to 
have  pitted  deeper  by  0025 
in.  which  indicates  in 
favor  of  steel  pipe  in  these 
particular  tests. 

The  author  states  that  a 
certain  sample  of  wrought 
iron  showed  the  most  gen- 
eral corrosion,  while  a 
steel  section  showed  the 
gre;ite.«t  number  of  sep- 
erate  pits.  No  direct  ref- 
erence to  comparative  cor- 
rosion is  made. 


tial  deaeration  show  that  this  method  of  protection  can 
in  some  cases  be  economically  applied  to  cold  water 
when  necessary.  This  would  seem  to  apply  particular- 
ly to  cold  as  well  as  to  hot  salt  water  used  in  large  sea- 
side hotels,  which  cause  considerable  damage  and  cost- 
ly repairs.  While  the  laws  underlying  corrosion  are 
now  fairlj'  well  established,  the  economic  application 
of  these  laws  require  a  detailed  knowledge  of  existing 
conditions  interpreted  in  the  light  of  previous  experi- 


ence as  in  all  engineering  developments.  Much  yet 
remains  to  be  done  in  perfecting  details,  but  the  re- 
sults already  obtained  are  sufficient  to  indicate  the 
permanent  benefits  to  be  derived  through  the  applica- 
tion of  these  principles. 

tChemie  et  Industrie,  July,  1921. 

♦Designed  by  the   Anti-Corrosion   Engineering  Company, 
New  York,  U.  S.  A. 
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AMERICAN  ENGINEERING  STANDARDS  COM- 
MITTEE HANDLING  106  PROJECTS 

The  growing  interest  in  standardization  on  the  part 
of  almost  every  American  industry  is  emphasized  by 
the  quarterly  report  of  the  activities  of  the  American 
Engineering  Standards  Committee  issued  from  tlie 
headquarters  of  the  Committee  at  29  West  39th  Street, 
New  York  City. 

Of  the  projects  which  have  official  status  before 
the  A.  E.  S.  C.  20  are  concerned  with  mechanical  en- 
gineering; 17  are  civil  engineering  projects;  15  are 
electrical ;  three  are  automotive  ;  10  are  concerned  with 
transportation;  10  with  ferrous  metals;  11  with  chemi- 
cal ;  five  with  non-ferrous  metals ;  four  with  mining ; 
two  with  textiles ;  one  with  shipbuilding,  and  eight 
projects  are  of  general  interest. 

Twenty-four  standards  or  safety  codes  have  been 
approved  and  36  are  up  for  approval.  The  remaining 
4  projects  represent  codes  and  standards  which  are 
either  in  the  process  of  formulation,  or  which  are  now 
being  considered  by  committees  of  representatives, 
designated  by  the  various  bodies,  industrial  technical 
and  governmental,  interested  in  each  particular  sub- 
ject. In  this  way,  more  than  200  such  bodies  are  offi- 
cially participating  in  the  work  of  the  A.  E.  S.  C. 
through  their  accredited  representatives. 

A  regular  interchange  of  information  as  to  the 
status  of  work  under  way  is  maintained  by  the  Ameri- 
can Engineering  Standards  Committee  with  the  na- 
tional standardizing  bodies  of  .Austria,  Belgium,  Can- 
ada, Czecho-Slovakia.  France,  Germany,  Great  Britain, 
Holland,  Italy,  Japan,  Norway.  Sweden  and  Switzer- 
land. This  information  is  issued  in  the  form  of  quar- 
terly reports  and  includes  a  statement  of  the  status  of 
each  project  on  which  work  is  actively  under  way. 


POWER    EXPOSITION    TO    BE    CONDUCTED 

WITH    CO-OPERATION    OF   ENGINEERS 

AND   OPERATING  MEN 

The  National  Exposition  of  Power  and  Mechanical 
Engineering  to  be  held  at  the  Grand  Central  Palace 
in  New  York  from  Thursday,  December  7  to  Decem- 
ber 13,  closing,  however,  on  the  intervening  Sunday, 
is  being  planned  in  co-operation  with  the  national  so- 
cieties interested  in  the  economy  of  fuel  and  in  the  pro- 
duction and  use  of  power  generated  therefrom. 

The  opening  of  the  exposition  in  the  Grand  Cen- 
tral Palace  will  take  place  on  the  closing  day  of  the 
annual  meeting  of  the  x\merican  Society  of  Mechanical 
Engineers,  and  time  has  been  set  aside  in  the  A.  S. 
M.  E.  program  so  that  members  desiring  may  attend 
the  opening  exercises.  Furthermore,  the  programs  of 
the  20  sessions  to  be  held  at  the  A.  S.  M.  E.  meetings 
have  been  so  arranged  that  all  members  attending 
the  meeting  may  reap  the  advantage  of  the  technical 
discussions,  and  with  the  smallest  possible  expenditure 
of  time,  eniov  the  novel  and  varied  exhibits  at  the  ex- 
position. A  few  of  the  subjects  to  be  discussed  at  the 
A.  S.  M.  E.  meeting  are: 

Commercial   Economy   of  High   Pressures   and 
High  Superheats. 

Feedwater  Heating  for  High  Thermal  Efficiency. 

Development  and  Use  of  Stokers. 

Transmission  of  Superheated  Steam. 
Ash  Removal — A  Symposium  of  Modern  Handling 
Methods. 


Gears. 

Power  Required  for  Removing  Metal. 

Safety  Valves. 

Torsion  of  Crankshafts. 

Pulsating  Flow  in  Flow  Meters. 

Dry  Vacuum  Pump  Tests. 

Design  of  Flywheels. 

Tests  on  Orifice  Coefficients. 

A  Modern  Works  for  the  Production  of  Monel. 

Metal  Steam  Table  Research. 

In  addition,  the  A.  S.  M.  E.  Professional  Divisions 
on  Aeronautics,  Ordnance,  and  Forests  Products  will 
hold  sessions  of  general  intere3t  to  the  engineering 
profession. 

The  American  Society  of  Refrigerating  Engineers 
is  to  hold  its  meeting  at  the  Hotel  Astor  for  three  days 
commencing  December  5,  and  its  members,  as  well  as 
the  members  of  the  A.  S.  M.  E.  will  be  admitted  to 
the  exposition  upon  the  presentation  of  their  member- 
ship cards. 

The  opportunity  this  exposition  offers  for  the  power 
house  operating  man  will  also  be  grasped.  The 
National  Association  of  Stationary  Engineers  is  per- 
fecting plans  for  the  various  chapters  to  visit  the  expo- 
sition in  a  body.  In  addition,  the  New  York  Buildi'ng 
Superintendents'  Association,  600  strong,  will  attend 
in  a  body  and  they  will  be  received  bv  the  officers  of 
theN.  A.  S.  E. 

The  list  of  exhibitors  already  assures  the  fact  that 
the  Grand  Central  Palace,  with  its  remarkable  facilities, 
will  house  the  greatest  exhibition  of  power  plant  equip- 
ment ever  contemplated. 

The  exposition  is  fortunate  in  having  an  Advisory 
Committee  that  understands  the  importance  of  a  great- 
er popular  appreciation  of  the  engineering  problems 
involved  in  the  production  and  use  of  power.  The  com- 
mittee is  made  up  of  Irving  E.  Moultrop.  of  the  Edison 
Electric  Illuminating  Company  of  Boston,  Chairman  ; 
Dexter  S.  Kimball,  President  of  the  American  Society 
of  Mechanical  Engineers  ;  Alexander  G.  Christie,  Chair- 
man Power  Division  A.  S.  M.  E. ;  Fred  Felderman, 
National  President  National  Association  of  Stationary 
Engineers;  Milan  R.  Bump,  President  National  Elec- 
tric Light  Association ;  N.  A.  Carle,  Vice-President 
Public  Service  Production  Company  of  New  Jersey; 
E.  B.  Katte,  Chief  Engineer  Electric  Traction  N.  Y.  C. 
R.  R.  Company;  Fred  R.  Low,  Editor  "Power";  David 
Mofifat  Myers,  Consulting  Engineer ;  Calvin  W.  Rice, 
Secretary  The  American  Society  of  Mechanical  En- 
gineers ;  and  the  managers,  Charles  F.  Roth  and  Fred 
W.  Payne,  with  offices  in  Grand  Central  Palace. 


STUDY  OF  ELECTRIC  FURNACE 
REFRACTORIES 

.\s  it  is  hoped  to  develop  refractories  for  electric 
furnaces  ,it  is  desirable  to  have  a  method  and  appar- 
atus for  measuring  their  conductivity  at  advanced  tem- 
peratures, states  the  Federal  Bureau  of  Mines.  More- 
over, data  in  regard  to  the  conductivity  of  existing  re- 
fractories at  temperatures  above  1,400  deg.  C.  are 
meager.  It  is  proposed  by  the  bureau  to  study  the 
leakage  factor  through  refractories.  The  method  of 
attack  has  been  worked  out  and  the  furnace  designed, 
the  material  for  which  is  arriving  at  the  bureau's  cera- 
mic experiment  station  at  Columbus,  Ohio. 
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Samuel  Wesley  Stratton,  organizer  and  for  21  years  direc- 
tor of  the  Bureau  of  Standards,  Washington,  has  resigned 
to  become  president  of  the  Massachusetts  Institute  of  Tech- 
nology, January  1,  1923.  He  succeeds  Dr.  Ernest  Fox  Nich- 
ols, who  never  served  as  president,  owing  to  illness,  but  who 
was  elected  to  succeed  the  late  Richard  C.  Mcl.aurin. 

V  V 

Julius  Kahn,  president  of  the  Truscon  Steel  Company, 
Youngstown,  Ohio,  has  returned  from  a  three  months'  trip 
to  Europe  and  is  planning  soon  to  leave  to  visit  the  com- 
panj-s'  plant  near  Tokio,  Japan. 

V  V 

Walter  S.  McKee  has  resigned  as  vice  president  and  direc- 
tor of  the  American  Manganese  Steel  Company  and  will  develop 
the  business  of  the  Inland  Engineering  Company  of  Chicago, 
of  w-hich  he  is  president. 

V  V 

J.  B.  Clark,  Jr.,  has  recently  bec6me  associated  with  the 
Pennsylvania  Crusher  Company  as  sales  engineer,  and  will  make 
his  headquarters  at  the  company's  New  York  office,  Hudson 
Terminal,  SO  Church  Street.  For  a  number  of  years  Mr. 
Clark  has  been  associated  with  the  Koppers  Company  of  Pitts- 
burgh in  the  erection  of  by-product  coke  plants,  including  the 
Seaboard  Plant  at  Jersey  City.  Mr.  Clark  will  give  particular 
attention  to  engineering  co-operation  in  connection  with  the 
installation  of  the  companv's  coal  preparation  machinery. 

V  V 

John  Aurelius,  who  retired  recently  as  superintendent  of 
the  Farrell,  Pa.,  plant  of  the  American  Steel  &  Wire  Company, 
has  become  connected  in  an  operating  capacity  with  the  Otis 
Steel  Company,  Cleveland. 

V  V 

F.  E.  Clarke,  electric  furnace  expert  and  secretary  of  the 
open  hearth  committee  of  the  United  States  Steel  Corporation 
for  the  past  seven  years,  has  resigned  to  become  connected  with 
the  Sizer  Steel  Corporation,  Buffalo,  as  general  superintendent. 

V  V 

David  L.  Eynon,  president  of  the  Pittsburgh  Rolls  Cor- 
poration, Pittsburgh,  sailed  on  October  10  for  a  two  months' 
European  tour,  during  which  he  will  visit  the  leading  steel  plants 
of  England,  France  and  Belgium. 

V  V 

J.   L.   Mueller,  formerly   with   the   American   Chain   Com- 


pany, York,  Pa.,  has  recently  resigned  to  become  vice  president 
and  secretary  in  charge  of  production  with  the  International 
Chain  &  Mfg.  Company,  that  city. 

V  V 

D.  I.  Miller  has  been  appointed  manager  of  the  B.  Clow  & 
Sons  Company  Coshocton,  Ohio,  plant.  Mr.  Miller  was  manager 
of  the  Grand  River,  Ky.,  plant  of  that  company  for  several  years. 
Mr.  F.  W.  Schwab,  who  has  been  manager  of  both  the  Coshocton 
and  Newcomerstown,  Ohio,  plants,  will  devote  his  entire  time  to 
the  latter  plant. 

V  V 

George  D.  Cameron  has  tendered  his  resignation,  effective 
January  1,  as  manager  of  the  coal  department  of  Pickands, 
Mather  &  Company,  Cleveland,  which  he  has  held  for  a  number 
of  years. 

V  V 

Jay  L.  Hench  was  recently  appointed  manager  of  sales. 
Hillside  Fluor  Spar  Mines.  Chicago,  and  is  also  to  be  vice  presi- 
dent and  member  of  the  board  of  directors.  Mr.  Hench  was 
formerly  district  sales  manager  of  the  Lackawanna  Steel  Com- 
pany at  Chicago. 

V  V 

P.  L.  Coyle,  formerly  bar  mill  superintendent,  Jones  & 
Laughlin  Steel  Company,  Pittsburgh,  and  later  works  manager, 
Electric  Alloy  Steel  Company,  Charleroi,  Pa.,  has  been  appointed 
superintendent  of  bar  mills,  Witherow  Steel  Company,  Neville 
Island,  Pittsburgh. 

V  V 

W.  K.  Strickland,  recently  with  the  General  Motors  re- 
search laboratory,  has  become  affiliated  with  the  Cadillac  Motor 
Car  Company,  as  assistant  chief  engineer. 

V  V 

James  P.  Davis,  w-ho  has  been  chief  of  the  shipping  and 
order  department.  National  Works,  National  Tube  Company, 
McKeesport,  Pa„  has  been  transferred  to  the  general  order  de- 
partment of  the  company,  Pittsburgh,  as  assistant  to  J.  A. 
Caughcy,  chief  of  that  department.  Mr.  Davis's  successor  at 
McKeesport  is  C.  H.  Starr. 

V  V 

James  A.  Buell,  formerly  assistant  general  manager  of  the 
United  Alloy  Steel  Corporation,  Canton,  Ohio,  has  resigned  to 
become  general  superintendent  of  the  Donner  Steel  Company, 
Buflfalo,  N.  Y. 
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D.  Glynn  Evans,  metallurgist  of  the  Llanelly  Steel  Com- 
pany, Llanelly,  Wales,  manufacturers  of  sheet  and  tin  bars,  is 
visiting  various  iron  and  steel  works  in  this  country. 

V  V 

Sherman  A.  Harding,  who  has  been  Pittsburgh  district 
sales  manager  for  the  past  three  years  for  tlie  Betts  Machine 
Company,  Rochester,  N.  Y.,  has  been  appointed  manager  of  sales 
in  that  district  for  the  Consolidated  Machine  Tool  Corporation 
of  which  the  Betts  Machine  Company  became  a  constituent  com- 
pany in  a  merger  effected  a  few  months  ago.  Mr.  Harding  be- 
came affiliated  with  the  Fjridgeford  Machine  Tool  Works  in  1909 
and  was  superintendent  of  that  company  when  it  was  merged 
with  the  Betts  Machine  Company,  following  which  he  was  made 
general  superintendent  of  the  latter  company,  holding  that  posi- 
tion for  about  two  years  before  being  made  Pittsburgh  district 
sales  manager. 

V  V 

Fred  Gage  has  been  named  successor  to  John  Aurelius, 
formerly  superintendent  of  the  company's  Farrell,  Pa.,  works, 
resigned.  Mr.  Gage  was  formerly  assistant  superintendent 
of  the  Donora,  Pa.,  works.  Charl.  ;  Patt,  also  of  the  Donora 
works,  has  assumed  the  duties  of  a'  distant  superintendent  of  the 
Farrell  works  made  vacant  by  thi:  death  of  John  McHugh 
recently. 

V  V 

W.  H.  Phillippi,  vice  president  I.,ackawanna  Bridge  Works 
Corporation,  a  subsidiary  of  the  Lackawanna  Steel  Company, 
and  one  of  the  properties  recently  taken  over  by  the  Bethlehem 
Steel  Company,  has  resigred. 

V  V 

Homer  D.  Williams,  nresident  Carnegie  Steel  Company, 
has  been  appointed  membc  of  the  Pittsburgh  Board  of  Public 
Education.  The  appoint:i:jnt  is  for  six  years.  Mr.  Williams 
is  also  a  member  of  the  ■■tate  Council  of  Education  and  a  trus- 
tee of  the  University  of  Pittsburgh  and  the  Carnegie  Institute 
of  Technology. 

V  V 

R.  C.  Kirk,  who  letired  from  the  presidency  of  La  Belle 
Iron  Works,  Steubenville,  Ohio,  at  the  formation  of  the  Wheel- 
ing Steel  Corporation,  a  little  more  than  two  years  ago,  has 
become  affiliated  with  the  Follansbee  Brothers  Company,  Pitts- 
burgh, having  been  elected  vice  president,  treasurer  and  a  direc- 


tor of  that  company.     Mr.  Kirk  takes  with  him  an  e.xperience  of 
more  than  25  years  in  the  steel  industry. 

V  V 

A.  L.  Lee,  who  has  been  in  the  engineering  department  at 
the  Ambridge,  Pa.,  works,  American  Bridge  Company,  has  been 
appointed  resident  engineer,  United  States  Steel  Products  Com- 
pany, at  Bombay  and  Calcutta,  India.  He  was  tendered  a  fare- 
well dinner  and  presented  a  gold  watch  by  his  former  associates 
prior  to  his  departure  to  his  new  post.  Mr.  Lee  served  overseas 
during  the  war,  reaching  the  rank  of  major  in  the  fi^ngineer 
Corps. 

V  V 

T.  W.  Harris,  general  foreman  at  the  blast  furnace  of  the 
St.  Louis  Coke  &  Chemical  Company,  Granite  City,  111.,  sailed 
from  New  York  during  the  week  of  October  26  to  become  con- 
nected with  the  blast  furnace  staff  of  the  India  Iron  &  Steel 
Company  at  Asansol,  Bengal,  India.  He  expects  to  arrive  in 
India  in  time  for  the  blowing  in  of  the  first  500-ton  furnace, 
which  has  been  under  construction  in  the  past  year. 

V  V 

Charles  P.  McCrory,  general  manager,  American  Steel 
Company,  Ellwood  City,  Pa.,  recently  resigned  to  become  presi- 
dent and  general  manager  of  the  Liberty  Steel  Wire  Products 
Company,  Johnstown,  Pa.  Mr.  McCrory  has  been  in  the  steel 
and  wire  business  for  over  25  years,  having  held  responsible 
positions  with  the  Oliver  &  Roberts  Wire  Company,  the  Amer- 
ican Steel  &  Wire  Company  and  Jones  &  Laughlin  Steel  Com- 
pany. He  designed  and  built  the  American  Steel  Company  plant 
at  Ellwood  City.  The  Liberty  Steel  Wire  Products  Company 
is  building  a  new  plant  in  Johnstown. 

V  V 

John  Calder,  consulting  engineer,  Lexington,  Mass.,  who 
has  devoted  the  past  three  years  to  organizing  and  managing 
the  industrial  relations  of  Swift  &  Company,  in  its  various 
plants  in  the  United  States  and  Canada,  as  central  office  in 
Chicago,  will  return  to  his  practice  in  organization,  manage- 
ment and  industrial  counsel  on  November  1.  Mr.  Calder  has 
been  appointed  industrial  adviser  to  Swift  &  Company. 

V  V 

Edward  T.  Peterson  was  recently  appointed  chief  engineer 
of  the  Birdsboro  Steel  Foundry  Machine  Company,  Birds- 
boro,  Pa.  Mr.  Peterson  was  formerly  with  the  Treadwell 
Engineering  Company,  Easton,  Pa. 
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The  Baltimore  Steel  Company,  Eastern  Avenue  and  Eden 
Street,  Baltimore,  Md.,  has  acquired  property  adjoining  its  plant, 
aggregating  about  20,000  square  feet  of  ground  area,  and  will 
utilize  as  a  site  for  the  construction  of  an  addition  to  its  plant 
for  considerable  increase  in  production.  The  work  will  consist 
of  a  number  of  buildings,  estimated  to  cost  approximately  $350,- 
000,  with  machinery.    Plans  will  be  prepared  in  the  near  future. 


The  Nashville  Bridge  Company,  Nashville,  Tenn.,  has  acquired 
property  totaling'  about  12  acres  of  land  at  Bessemer,  Ala.,  and 
has  plans  in  preparation  for  the  construction  of  a  new  steel 
fabricating  plant,  estimated  to  cost  in  e.xcess  of  $90,000,  includ- 
ing equipment. 


The  Wilmot  Fleming  Iron  &  Steel  Company,  956  Foulkrod 
Street,  Philadelphia,  Pa.,  recently  organized  under  state  laws,  has 
plans  under  way  for  the  initial  buildings  for  its  proposed  new 
one  and  two-story  plant  at  Cottman  and  G  Streets,  for  general 
steel  and  iron  production.  The  plant  will  comprise  a  number 
of  units,  of  which  the  first  will  cost  approximately  $75,0(X).  It 
is  expected  to  have  the  initial  works  ready  for  service  at  an  early 
date.    Wilmot  Fleming  is  treasurer  of  the  company. 


The  Weirton  Steel  Company,  Weirton,  \V.  Va.,  will  com- 
mence the  immediate  erection  of  a  new  plant  unit,  aggregating 
about  110,000  square  feet  in  floor  area,  consistmg  of  eight  com- 
plete sheet  mills,  to  be  devoted  exclusively  to  the  production  of 
black  and  galvanized  sheets.  A  site  has  been  selected  near  the 
present  stripping  mill,  with  available  land  for  future  expansion. 
The  new  mills,  with  machinery,  will  cost  about  $1,500,000.  A 
contract  for  the  building  erection  has  been  let  to  the  McClintic- 
Marshall  Company,  Pittsburgh,  Pa.  The  company  will  also  con- 
struct an  addition  to  its  open  hearth  department,  consisting  of 
three  new  furnaces,  and  increasing  the  output  of  this  branch  of 
the  works  from  700  to  1,000  tons  per  day.  A  by-product  coke 
plant  is  also  planned.  The  new  extensions  will  give  employment 
to  more  than  500  men.  D.  M.  Weir,  vice  president  of  the  com- 
pany, is  in  charge  of  operations. 


The  Greenville  Steel  &  Iron  Company.  Greenville,  Pa.,  has 
plans  out  for  bids  for  the  construction  of  its  proposed  new  plant 
on  property  recently  acquired  near  the  city  limits.  The  works 
will  consist  of  a  number  of  buildings  including  one-story  open 
hearth  plant,  150x150  ft.,  with  capacity  of  about  60  tons;  one- 
story  rolling  mill,  150x500  ft. ;  power  house  and  other  miscel- 
laneous works  buildings.  Other  buildings  will  be  constructed  at 
a  later  date,  forming  a  number  of  individual  plant  units,  and 
bringing  the  investment  to  more  than  $3,000,000.  A  500-ton 
blast  furnace  will  also  be  built.  The  local  Chamber  of  Com- 
merce is  interested  in  the  project.  Colonel  H.  P.  Bope  is  presi- 
dent, and  H.  E.  McConnell,  managing  director  and  consulting 
metallurgical  engineer. 


The  Titusville  Iron  Works,  South  Franklin  Street,  Titusville, 
Pa.,  has  plans  under  way  for  the  construction  of  a  new  addition 
to  its  plant,  for  considerable  increased  capacity.  It  will  be  located 
on  South  Washington  Street,  one-story,  and  estimated  to  cost 
close  to  $100,000,  with  machinery  and  operating  equipment. 


The  Wickwire-Spencer  Steel  Corporation,  Webster  Street, 
Worcester,  Mass.,  has  awarded  a  building  contract  to  the  E.  D. 
Ward  Company,  Foster  Street,  Wprcester,  for  the  rebuilding  of 


the  portion  of  its  mill  at  Spencer,  near  Worcester,  recently  de- 
stroyed by  fire.  The  new  structure  will  be  three-story,  35x100 
ft.,  and  will  cost  approximately  $60,000. 


The  Lockhart  Iron  &  Steel  Company.  Pittsburgh,  Pa.,  has 
perfected  plans  for  the  resumption  of  production  at  the  plant  of 
the  Sligo  Iron  &  Steel  Company,  Connellsville,  Pa.,  recently 
acquired.  The  plant  has  been  entirely  reconstructed  and  im- 
proved, with  the  installation  of  considerable  new  equipment.  It 
has  a  rated  capacity  of  about  22,000  tons  of  muck  bars  a  year, 
and  will  give  employment  to  about  100  puddlers.  Twenty  pud- 
dling furnaces,  with  modern  equipment  and  electric  traveling 
crane,  will  be  placed  in  service.  The  output  of  the  plant  will  be 
used  at  the  works  of  the  Lockhart  company  at  McKees  Rocks, 
Pa.,  here  to  be  converted  into  finished  products. 


In  connection  with  its  proposed  expansion  plans,  the  Arm- 
strong Steel  Company,  Fort  Worth,  Te.xas,  has  acquired  prop- 
erty at  Houston,  Texas,  where  it  proposes  to  construct  a  new 
steel  plant,  estimated  to  cost  in  excess  of  $750,000.  The  works 
will  consist  of  a  number  of  buildings,  including  open  hearth  fur- 
naces, equipped   for  a  production  of  about  60,000  tons  per  year 


The  Casey-Hedges  Company,  Chattanooga,  Tenn.,  manufac- 
turer of  steel  plate  products,  has  acquired  local  property  for  the 
construction  of  a  new  plant.  It  will  consist  of  a  number  of 
buildings,  devoted  to  the  same  line  of  present  production,  esti- 
mated to  cost  more  than  $100,000,  including  machinery.  Plans 
will  be  prepared  at  an  early  date,  and  the  project  inaugurated. 


The  Flint  Steel  Company,  Flint,  Mich.,  lately  organized,  has 
taken  over  the  plant  and  business  of  the  Perkins  Structural  Steel 
Company,  or.  local  site,  which  has  been  in  operation  for  about 
12  months  past.  The  new  company  contemplates  a  number  of 
improvements  and  will  operate  the  works  at  capacity.  It  is 
formed  of  odicials  of  the  previous  organization,  headed  by  W. 
L.  Perkins  as  president  and  general  manager. 


The  Atlas  Steel  Corporation.  Dunkirk.  N.  Y.,  has  been  or- 
ganized under  state  laws,  with  a  capita!  of  1,000  shares  of  stock, 
no  par  value,  to  take  over  and  consolidate  the  .^tlas  Crucible 
Steel  Company,  with  local  mills,  and  the  Electric  Alloy  Steel 
Company,  with  plant  at  Charleroi,  Pa.  These  two  plants  will 
be  maintained  in  operation  and  expansion  is  contemplated.  A 
branch  works  will  also  be  operated  at  Welland,  Ont.  The  com- 
bined assets  of  the  consolidated  company  aggregate  in  excess  of 
$10,000,000.  Louis  J.  Campbell,  heretofore  president  of  the  Elec- 
tric Alloy  Steel  Company,  will  be  one  of  the  heads  of  the  com- 
bined companies. 


The  Nagle  Steel  Company,  Philadelphia,  Pa.,  recently  organ- 
ized with  a  capital  of  $300,000,  to  take  over  and  operate  the 
plants  of  the  company  of  the  same  name,  has  taken  possession 
of  the  works  at  Pottstown,  Seyfert,  and  Glasgow,  Pa.  Imme- 
diate operations  are  planned  by  the  new  owners ;  the  plate  mill 
at  Pottstown  will  be  run  under  full  capacitj',  with  double  work- 
ing shift.  The  Seyfert  and  Glasgow  works  will  be  improved  and 
placed  in  service  at  an  early  date.  The  properties  were  acquired 
at  a  recent  receiver's  sale  by  George  H.  Heck,  518  Commercial 
Trust  Bldg.,  Philadelphia,  who  will  be  one  of  the  officials  of  the 
new  organization. 
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'  Some  Pointers  on  By-Product  Coke  Oven  Operations 
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DISTRIBUTION  OF  SULPHUR  FORMS  IN  COAL 

During  tlie  fiscal  year  recently  ended  the  investigation  of  the 
occurrence  and  distribution  of  the  forms  of  sulphur  in  coal  has 
been  continued  at  Urbana,  111.,  by  the  United  States  Bureau  of 
Mines,  in  co-operation  with  the  Illinois  Geological  Survey  and 
the  University  of  Illinois  under  two  general  heads,  (1)  The  dis- 
tribution of  the  forms  of  sulphur  in  the  coal  bed,  and  (2)  Sul- 
phur forms  in  coal.  Both  are  closely  co-ordinated  with  coal 
washing.  The  steadily  decreasing  reserves  of  low  sulphur  coal 
in  certain  sections  renders  it  essential  to  have  information  on 
the  occurrence  and  distribution  of  the  forms  of  sulphur  present 
in  coals  higher  in  sulphur;  so  that  intelligent  efforts  may  be 
directed  toward  reduction  of  sulphur  and  then  utilization. 

The  distribution  of  the  forms  of  sulphur  in  coal  beds  was 
investigated  at  two  mines  in  Southern  Illinois.  A  similar  though 
less  intensive  investigation  was  made  at  a  mine  operating  in  the 
Pratt  seam  in  Alabama.  Since  this  work  was  done,  one  mine 
has  materially  reduced  the  sulphur  content  of  both  raw  and 
washed  coal  by  developing  their  lower  sulphur  forms. 

The  work  on  the  sulphur  forms  occurring  in  coal  is  being 
conducted  with  the  object  of  correlating  the  occurrence  of  sulphur 
forms  with  the  washability  of  various  coals  with  respect  to  sul- 
phur reduction.  During  the  year  all  the  raw  coal  upon  which 
washing  tests  were  made  and  the  washed  products  have  been 
examined  for  the  various  forms  of  sulphur.  It  has  been  found 
that  the  organic  sulphur  content  of  a  raw  coal  plus  its  content 
of  finely  disseminated  pyritc  sulphur  fixes  a  limit  below  which 
no  reduction  in  sulphur  can  be  secured  by  ordinary  coal  washing 
methods. 


FUSIBILITY  OF  COAL  ASH 

Data  regarding  the  softening  temperatures  of  coal  ash  from 
several  hundred  coals  from  the  different  fields  of  the  country  are 
contained  in  Bulletm  209,  "Fusibility  of  Ash  from  Coals  of  the 
United  States,"  by  W.  A.  Selvig,  assistant  analytical  chemist, 
and  A.  C.  Fieldner,  supervising  chemist,  just  issued  by  the 
Bureau  of  Mines. 

Information  concerning  the  fusibility  of  coal  ash  has  become 
of  considerable  value  to  the  consumer  of  coal,  mainly  in  connec- 
tion with  the  troublesome  formation  of  clinker  resulting  from 
the  melting  of  the  ash  constituents  of  the  burning  coal.  The 
growing  interest  in  such  data  has  led  the  Bureau  of  Mines  to 
make  a  general  survey  of  the  "fusing"  or  "softening"  tempera- 
tures of  the  ash  from  coals  of  the  United  States.  It  is  hoped 
that  this  information,  when  used  together  with  the  large  num- 
ber of  coal  analyses  published  by  the  bureau,  will  assist  the  con- 
sumer of  coal  in  comparing  different  coals,  and  in  selecting  the 
coal  best  adapted  for  his  purpose. 

Coal  ash  is  the  incombustible  residue  remaining  after  the  com- 
plete combustion  of  coal ;  it  is  derived  from  the  inorganic  min- 
eral constituents  of  the  coal.  The  ash-forming  constituents  are 
(1)  inherent  or  intrinsic  impurities  that  are  present  in  an  inani- 
mate mixture  with  the  coal  substance,  and  are  derived  either  from 
the  original  material  or  from  external  sources  such  as  sedi- 
mentation and  precipitation  while  the  coal  forming  plant  remains 
accumulated;  (2)  impurities,  formed  either  during  the  laying 
down  of  the  coal  bed  or  subsequently,  that  occur  in  the  form 
of  partings,  veins,  and  nodules  of  clay,  shale,  "slate."  pyrite, 
and  calcite ;  and  (3)  impurities  that  become  intimately  mixed 
with  the  coal  in  the  process  of  mining,  such  as  fragments  of  roof 
and  floor. 


,1 


Coal  ash  is  composed  largely  of  compounds  of  silica,  alumina, 
lime  and  iron,  with  smaller  quantities  of  magnesia,  titanium  and 
alkali  compounds. 

Bulletin  209  may  be  obtained  by  addressing  the  Bureau  of 
Mines,  Washington,  D.  C. 


DESULPHURIZATION  OF  COKE  BY  STEAM 

A  study  of  the  action  of  steam  on  coke,  with  regard  to  the 
reduction  in  sulphur  content  of  the  coke,  is  being  made  at  the 
Pittsburgh,  Pa.,  experiment  station  of  the  Bureau  of  Mines  by 
A.  R.  Powell,  physical  organic  chemist,  and  S.  H.  Thompson, 
research   fellow  of  the  Carnegie  Institute   of  Technology   . 


COAL  PREPARATION 

Problems  that  develop  in  the  mechanical  preparation  of  coal 
in  the  Central  and  Eastern  coal  fields  are  being  investigated  at 
the  Central  Experiment  Station  of  the  Bureau  of  Mines  at 
Urbana.  III.,  in  co-operation  with  the  University  of  Illinois  and 
the  Illinois  Geological  Survey.  Work  on  coal  cleaning  methods 
is  being  continued,  as  the  problem  of  cleaning  coal  is  receiving 
more  attention  in  the  bituminous  coal  mining  industry.  A  study 
has  been  made  of  the  methods  of  examining  a  coal  as  it  exists 
in  the  raw  state,  in  order  to  determine  the  practicability  of  im- 
proving it  by  coal  cleaning  processes.  The  research  is  practically 
completed,  and  the  methods  developed  for  carrying  out  tests  and 
interpreting  the  results  are  to  be  prepared  for  publication. 


HEAT  DISTILLATION  OF  COAL 

J.  D.  Davis,  fuels  chemist,  and  Palmer  B.  Place,  junior  ana- 
lytical chemist  of  the  Pittsburgh,  Pa.,  experimental  station  of 
the  Bureau  of  Mines,  have  developed  a  precise  method  for  the 
determination  of  the  heat  of  reaction  of  coals  during  carboniza- 
tion. Typical  coals  have  been  studied  for  reaction  heats  over 
ranges  of  temperature  in  which  primary  decomposition  products 
are  formed.  The  investigation  is  now  being  extended  over  higher 
temperature  ranges  where,  according  to  theory,  reaction  heats 
should  be  largely  endothermic. 


USE  OF  STEAM  IN  COAL  GAS  RETORTS 

The  tendency  toward  lower  standards  oi  quality  of  gas 
in  public  utilities  has  increased  the  interest  of  the  gas  industry 
in  processes  that  promise  to  mcrease  the  yield  of  gas  per 
pound  of  coal  coked,  even  though  attended  by  a  decrease  in 
quality.  The  introduction  of  steam  during  or  at  the  close  of 
the  coking  process  has  shown  considerable  advantage  in  cer- 
tain types  of  gas  making  installations,  notably  in  vertical 
retorts.  The  Bureau  of  Mines,  through  W.  A.  Dunkley,  gas 
engineer,  has  co-operated  with  the  American  Gas  Association 
in  studying  the  effects  of  using  steam  in  horizontal  retorts, 
which  are  commonly  used.  It  was  found  that  the  method  of 
admitting  steam  had  much  to  do  with  the  results  obtained. 
Little,  if  any,  water  gas  was  generated  by  decomposition  of 
steam  in  the  retort  charge,  unless  the  contact  between  the 
steam  and  the  chare  was  intimate.  Steam  as  usually  practiced 
in  the  small  as  plant,  where  the  process  has  been  tried  ,  has 
no  advantage.  With  prevailing  standards  of  gas  quality,  little 
advantage  can  be  taken  of  the  use  of  steam,  even  if  properly 
applied,  as  the  production  of  any  appreciable  volume  of  water 
gas  considerably  reduced  the  general  quality  of  the  total  gas 
production.  Should  standards  be  further  reduced,  the  process 
might  show  more  marked  economies. 
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WITH  THE   EQUIPMENT  MANUFACTURERS      I 


NEW  OPTICAL  PYROMETER 

The  F.  &  v.  dptical  Pyrometer,  nccording  to  its  niakors.  The 
Scientific  Materials  Company  of  Pittsburgh,  is  particularly  well 
adapted  for  many  cases  in  which  other  types  of  pyrometers 
fail,  especially : 

When  contact  with  the  object,  the  temperature  of  which  is 
to  be  measured,  cannot  be  made ;  for  example,  rails  passing 
through  rolls,  and  other  moving  bodies. 


rated  capacity.  This  also  increases  the  life  of  dry  cells,  as 
there  is  very  small  amount  of  current  required  to  keep  the  lamp 
at  its  standard  temperature. 


Fig.  1 — F.  &  F.  optical  pyrometer.  This  pyrometer  is  but  twelve  inches  in 
length  and  of  light  weight.  It  is  convenient  for  using  when  contact  with 
the  object  cannot  be  made. 


When  the  pyrometer  must  be  placed  at  a  distance  from  the 
heated  object;  for  example,  a  crucible  or  blast  furnace. 

When  the  temperature  to  be  measured  is  above  the  range  of 
thermo-couple  pyrometers. 

Its  makers  state  that  the  operation  of  the  instrument  has 
been  reduced  to  the  greatest  simplicity.  Fig.  1  shows  complete 
equipment.  The  pyrometer  is  small,  being  but  12  inches  in  length, 
and  its  light  weight  makes  it  convenient  in  handling.  The 
metal  parts  are  of  aluminum  with  inserted  brass  and  steel  bear- 
ings. Both  ocular  and  objective  lenses  are  readily  adjustable  for 
focusing.  The  precision  anmieter,  battery  and  rheostat  for  mak- 
ing the  normal  setting  are  contained  in  a  single,  small,  portable 
carrying  case.  The  lever  shown  on  the  upper  right  hand  side 
of  the  dial,  throws  in  and  out,  the  absorption  glass  for  use  with 
the  extra  scale  for  the  high  temperature  range. 

In  making  a  temperature  determination,  the  observer  turns  the 
rheostat  on  the  battery  box  until  the  ammeter  shows  a  certain 
specified  reading — the  "normal  point."  The  pyrometer  is  then 
sighted  on  the  furnace  or  object,  the  temperature  of  which  is 
desired,  and  the  knurled  screwhead  moving  the  wedge  is  turned 
until  the  tip  of  the  filament  disappears  against  the  image  of  the 
source.  The  pointer  indicates  the  temperature  directly;  no  com- 
puting or  reading  of  chails  being  required. 

The  calibration  of  the  F.  &  F.  pyrometer  can  be  checked  by 
the  operator  in  practice,  by  sighting  upon  any  known  tempera- 
ture. This  is  possible  because  the  calibration  curve  of  the  wedge 
has  been  predetermined  and  always  remains  the  same.  There- 
fore, the  correct  temperature  at  which  the  lamp  filament  should 
be  held  is  checked  by  sighting  on  a  known  temperature  and  ad- 
justing the  rheostat  until  the  lamp  filament  disappears  against 
the  illuminated  background. 

The  intensity  at  which  the  lamp  burns  is  always  kept  con- 
stant.   Its  life  is  quite  long  as  it  burns  at  less  than  half  of  its 


ARMOR  FRAME  SINGLE  ROLL  COAL  CRUSHER 
The    Pennsylvania   Crusher   Company,    Stephen-Girard    Bldg., 
Philadelphia,   Pa.,  are   placing  on   the  market  the  Pennsylvania 
.\rnior  Plate  Single  Roll  Coal  Crusher.    They  state  that  the  sub- 
stitution  of  the   fabricated   frame  of  steel  plates 
in  place  of  the  more  or  less  substantial  cast  iron 
frame   which  has  been   used  in  the  past  in  their 
Bradford  breaker  and  hammer  crusher,  warrants 
them    in    submitting    this    new     design     to    those 
operating  pulverized    fuel  plants. 

The  frame  of  the  original  single  roll  crusher, 
made  at  Hollidaysburg,  Pa.,  naturally  followed 
somewhat  the  line  of  double  roll  practice — the 
side  frames  being  set  on  heavy  timber  founda- 
tions, without  metal  cross  members,  aside  from 
the  shafts.  Later  development  provided  heavy 
cast  iron  side  frames  and  cross  members.  The 
direct  drive  of  the  roll  shaft  by  means  of  a  large 
flywheel  pulley  soon  gave  place  to  the  powerful 
back  geared  drive  through  countershaft  and 
smaller  pulley.  For  heavy  duty  the  frame  was 
made  in  one  massive  box  section  casting,  which 
later  was  sectionalized,  particularly  in  the  larger 
sizes. 
The  latest  development,  which  marks  a  fundamental  improve- 
ment in  single  roll  design,  provides  a  frame  fabricated  from 
slab  steel  plates  into  an  unbreakable  unit. 

In  the  18xl8-in.  and  the  18x24-in.  sizes,  in  which  this  design 
is  now  available,  the  steel  side  plates  are   1-in.   in  thickness  and 


Fig.  1 — Armor  frame  single  roll  coal  crusher.  The  frame  of 
this  coal  crusher  is  fabricated  from  slab  steel  plates  in 
place  of  cast  iron  frames  which  have  been  used  in  the  past. 

are  connected  by  nine  steel  cross  members  all  heavily  hot  riveted 
into  this  rigid  box  frame. 

Bronze  bushed  bearings  are  shouldered  into  the  heavy  side 
plates  so  that  the  bearing  bolts  are  not  subjected  to  shear. 

The  heavy  flywheel  pulley  which  drives  the  roll  through  heavy 
cut,  back  gearing,  is  provided  with  a  shear  pin  safety  device, 
mounting  a  steel  bolt  in  hardened  bushings,  thereby  insuring  full 
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protection  of  the  crusher  parts  against  the  accidental  introduc- 
tion of  tramp  iron  with  coal. 

The  breaker  plate  is  a  massive  casting  of  high  grade  char- 
coal iron  deeply  chilled  on  the  crushing  surface.  It  is  hinged  in 
the  frame  at  the  upper  end  and  suspended  at  the  lower  end  by 
means  of  powerful  relief  springs.  The  breaker  plate  tip,  which 
takes  most  of  the  wear,  is  a  reversible  and  renewable  man- 
ganese steel  casting. 

The  segmental  roll  is  cast  from  high  grade  charcoal  iron, 
deeply  chilled,  or  from  chrome  steel. 

Convenient  provision  for  adequate  lubrication  has  been  made 
by  means  of  large  steamboat  type  grease  cups  which  can  be 
screwed  down  without  coming  into  close  proximity  with  moving 
parts. 

The  crusher  proportions  are  unusually  liberal  throughout, 
and  the  design  insures  a  continuous  supply  of  uniformly  crushed 
coal  by  affording  the  three  safeguards — unbreakable  steel  frame, 
steel  shear  pin  safety  device  and  powerful  relief  springs — as  pro- 
tection against  the  heavy  tramp  iron  encountered  in  R.  O.  M. 
bituminous  coal  which  often  has  proven  destructive  to  crush- 
ing machinery. 


NEW  LINE  OF  SMALL  VERTICAL  BELT  DRIVEN 
AIR  COMPRESSORS 

The  IngersoU-Rand  Company,  11  Broadway,  New  York, 
announces  a  new  line  of  small  vertical  belt  driven  air  com- 
pressors known  as  Type  Fifteen.  In  addition  to  the  plain 
belt  drive  design  each  size  is  built  as  a  self-contained  electric 
motor  outfit,  driven  through  pinion  and  interna!  gears  or 
by  employing  the  short  belt  drive  arrangement.  The  com- 
pressing end  and  electric  motor  of  both  gear  and  short  belt 
drive  units  are  furnished  mounted  on  a  common  sub-base,  so 
that  they  are  in  no  way  dependent  upon  the  foundation  for 
correct  alignment. 

Several  noteworthy  features  of  construction  have  been  in- 
corporated, of  which  the  "Constant-Level"  Lubrication  Sys- 
tem is  the  most  important.  Others  include  the  Constant 
Speed  Unloader  for  plain  belt  drive  machines;  the  Centrifugal 
Unloader  for  start  and  stop  control  machines;  and  the  in- 
creased size  of  the  water  reservoir  cooling  pot. 

The  lubrication  of  small  vertical  compressors  employing 
the  enclosed  crank  case  and  splash  system  has  often  been  a 
source  of  concern  wherever  oil  in  the  air  is  a  serious  menace. 
The  tendency  of  the  old  system  has  been  to  feed  too  much 
resulting  in  discharged  air  containing  excess  oil,  or  too  little 
causing  scored  cylinders,  excess  loads  and  burned  out  bear- 
ings. 

The  "Constant-Level"  system  used  in  Type  Fifteen  Com- 
pressors automatically  maintains  a  constant-level  of  oil.  which 
insures  the  right  amount  being  distributed  to  all  parts. 

As  with  the  ordinary  splash  system,  the  base  of  the  com- 
pressor forms  an  oil  reservoir  for  the  "Constant-Level"  sys- 
tem. However,  with  this  system,  pet  cocks  determine  the 
maximum  and  minimum  amount  of  oil  in  the  reservoir.  Above 
this  reservoir  and  directly  underneath  the  connecting  rod 
is  a  constant-level  pan.  Oil  is  pumped  from  the  reservoir 
into  this  constant-level  pan  through  a  unique  oil  pump.  Re- 
gardless of  the  amount  of  oil  in  the  reservoir,  so  long  as  it  is 
somewhere  between  the  high  and  low  level  pet  cocks,  this 
system  will  function  perfectly,  insuring  a  constant-level  of 
oil  in  the  pan.  A  projecting  stem  on  the  connecting  rod  dips 
into  this  pan  and  distributes  just  a  sufficient  quantity  of  oil  for 
proper  lubrication. 

The  Constant  Speed  Unloader  controls  the  unloading  of 
the  compressor  by  automatically  opening  the  inlet  valve  when 
the  receiver  pressure  rises  above  that  at  which  the  unloader 
is  set  to  operate.  When  the  receiver  pressure  has  fallen  a 
predetermined    amount,    the    unloader   automatically   releases 


the  inlet  valve  and  allows  the  compressor  to  return  to  work 
and  thus  build  up  the  receiver  pressure  again. 

The  Centrifugal  Unloader  allows  the  compressor  to  start 
under  "no  load"  such  as  is  essential  when  automatic  start 
and  stop  control  is  used,  and  permits  the  electric  driving 
motor  to  come  up  to  full  speed  before  the  load  is  thrown  on 
automatically.  This  unloader  accomplishes  its  purpose  by 
holding  the  inlet  valve  open  until  the  motor  has  reached  full 
speed. 

The  smallest  size  is  built  with  either  ribbed  cylinder  for 
air  cooling,  where  the  service  is  intermittent,  or  a  water 
jacketed  cylinder  of  the  reservoir  type  for  contant  service. 
All  other  sizes  are  only  built  with  the  water  jacket  of  the 
reservoir  type.  The  size  of  these  reservoir  pots  is  very  gen- 
erous, and  one  filling  will  be  found  sufficient  for  long  periods 
of  operation. 


A   NEW  COMBINATION  CRANE   AND   SHOVEL 

One  of  the  most  modern  combined  utility  machines  for  the 
contractor,  supply  yard,  railroad  or  industrial  plant  is  the 
improved  crawling  tread  crane-shovel  manufactured  by  the 
Orton  &  Steinbrenner  Company  of  Chicago,  111.,  and  Hunting- 
ton, Ind. 

This  company  was  one  of  the  first  to  apply  the  continuous- 
tread  principle  to  the  propulsion  of  locomotive  cranes.  Being 
pioneers  in  the  field  they  have  utilized  the  experience  gained 
through  successive  developments  and  improvements  to  the 
end  that  the  present  machine  is  the  embodiment  of  all  the 
better  principles  of  design  and  construction.  Two  sizes  of 
machines  are  manufactured — the  -H-yd.  and  the  1-yd.  capacity. 

The  machine  is  more  than  a  crane — more  than  a  shovel. 
The  design  is  such  that  in  a  minimum  amount  of  time  simply 
by  removing  the  crane  boom  and  substituting  the  shovel  boom 
and  dipper,  the  crane  may  be  readily  converted  from  a  clam 
shell  rig  to  a  steam  shovel.  Even  this  is  unnecessary  to  con- 
vert it  into  a  skimmer  for  tearing  up  pavement.  A  separate 
boom  with  skimmer  scoop  can  be  connected  to  crane  inde- 
pendent of  the  main  crane  boom  and  the  hoist  line  simply 
reeved  over  the  scoop. 

The  radius  of  the  boom  instead  of  being  fixed  at  a  certain 
degree,  may  be  varied  to  suit  the  conditions  of  the  job.  This 
feature  enables  it  to  dig  several  feet  below  the  normal  operat- 
ing level  and  also  increases  the  lift. 

Motive  power  is  supplied  by  only  two  engines  thus  sim- 
plifying operations.  The  hoisting,  swinging  and  travelling 
operations  are  performed  with  double  clutches  by  the  main 
non-reversing  engines,  while  the  crowding  motion  of  the 
dipper  is  actuated  by  a  separate  reversing  engine  placed  mid- 
way along  the  boom. 

The  rotating  base  turns  on  a  live  ring  of  rollers  on  a  large 
diameter  rail  circle,  thus  evenly  distributing  the  load  and  re- 
quiring very  little  power  to  swing. 

The  car  body  is  built  up  of  structural  steel  shapes  and 
plates  amply  riveted  and  thoroughly  reinforced. 

The  housing  is  of  sheet  steel  with  ample  sash  and  doors 
and  arranged  for  removal  when  required.  The  operator  has 
a  clear  and  unobstructed  view  of  the  dipper  at  all  times. 

The  crawling  tread  is  of  the  flexible  type,  adjusting  itself 
automatically  to  the  contour  of  the  ground.  The  tread  links 
are  so  designed  that  in  passing  around  sprocket  all  foreign 
materials  adhering  to  them  are  thrown  off  and  prevented  from 
entering  the  spaces  between. 

All  movable  parts  are  bronze  bushed  and  lubricated  with 
Alemite  pressure  system  and  sheaves  and  bearings  are  bronze 
bushed. 

A  feature  of  the  machine  is  the  accessibility  of  its  parts, 
especially  those  bearing  the  brunt  of  the  wear,  consequently 
repairs  when  needed,  can  be  installed  in  the  field  with  a 
minimum  amount  of  lost  time. 
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Pyrometers  —  The  Bristol  Company, 
Waterbury,  Conn.,  is  distributing  a  new 
68-page  catalog  devoted  to  Bristol  Pyro- 
meters. This  catalog  is  profusely  illu- 
strated and  contains  very  valuable  con- 
densed information  on   this  subject. 

Automatic  Temperature  Control  and 
Signaling  Instruments  —  The  Brown  In- 
strument Company  is  circulating  their 
new  catalog  No.  85,  on  the  automatic  con- 
trol of  temperatures  through  Brown  in- 
dicating and  recording  instruments. 

Ferro  Alloys  and  Metals  —  The  Elec- 
tro Metallurgical  Sales  Corporation.  30 
West  42nd  Street,  New  York,  is  distribut- 
ing a  beautifully  printed  catalog  describ- 
ing ferro  alloys  and  metals  manufactured 
by  the  Electro  Metallurgical  Company, 
which  has  works  at  Niagara  Falls,  N.  Y.; 
Glen  Ferris,  W.  Va.,  and  Holcomb  Rock, 
Va.  It  describes  briefly  the  most  import- 
ant "Elecfromelt  Brand"  products  and 
their  uses  in  the  field  of  ferrous  and  non- 
ferrous  metallurgy  together  with  some 
liistorical  statements  which  may  prove  of 
interest  to  those  who  have  not  closely 
followed  the  subject. 

Liquid  Fuel  Burning  for  Generation  of 
Steam — F.  J.  Ryan  Company,  Philadel- 
phia, Pa.,  is  circulating  a  bulletin  on  the 
burning  of  oil  in  connection  with  the 
generation  of  steam  in  which  they  take  up 
at  some  length  steam  atomization  burn- 
ers, jet  burners,  steam  mechanical  burn- 
ers and  low  pressure  air  burners,  discus- 
sing the  duty  of  the  burner  and  the  cost 
of  operating. 

Link  Belt  Catalog  ~  The  Link  Belt 
Company,  Chiqago,  111.,  announce  the 
completion  of  a  new  general  catalog 
which  embraces  "their  entire  line.  This 
catalog  not  only  includes  the  complete 
Link  Belt  line  but  also  the  products  of 
the  H.  H.  Caldwell  &  Son  Company.  A 
brief  summary  of  the  contents  covered 
follows:  Link  Belt  chains,  power  trans- 
mission machinery,  helicord  and  screw 
conveyors,  conveyor  equipment,  boiler 
plant  and  coal  tipple  equipment,  coal  stor- 
age equipment,  skips,  etc.,  portable  load- 
ers, conveyors,  locomotive  and  trolley 
type  cranes,  grab  buckets,  electric  hoists 
and  other  special  equipment. 

Electric  Furnaces  —  The  Electric 
Comi)any,  Salem,  Ohio,  has  recently  pub- 
lished a  six-page  circular  illustrating 
some  of  their  many  types  of  Bailey  elec- 
tric enameling,  annealing  and  heat  treat- 
ing furnaces  which  they  have  installed 
in  the  last  few  years.  They  are  also  dis- 
tributing a  circular  on  melting  furnaces 
which  are  used  for  the  melting  of  non- 
ferrous  metals. 

Blowers  —  Syracuse  Industrial  Gas 
Company,    208    S.    Geddes    Street,    Syra- 


cuse, N.  v.,  is  distributing  a  bulletin  de- 
scribing their  uniform  Multi-Stage  Fan 
Type  Blower,  which  is  built  in  small 
capacities. 

Air  Conditioning  —  Reprint  No.  729 
from  the  Public  Health  Reprints  of  the 
Treasury  Department  of  the  U.  S.  Pub- 
lic Health  Service  is  a  paper  prepared  by 
C.  E.  A.  Winslow,  Professor  of  Public 
Health,  Yale  School  of  Medicine,  on 
"Various  Systems  of  Air  Conditioning  in 
a    Munition   Factory." 

Coxe  Stoker  —  The  Combustion  En- 
gineering Corporation,  Combustion  En- 
gineering Building,  N.  Y.,  have  issued 
within  the  past  month  a  bulletin  covering 
the  performance  of  this  stoker  on  West- 
ern and  Midwestern  bituminous  coal.  A 
number  of  test  charts  each  accompanied 
by  corresponding  curves  are  included. 
These  tests  show  very  remarkable  re- 
sults, and  because  they  are  complete  in 
every  respect  will  be  of  considerable  in- 
terest to  the  engineering  world.  These 
stokers  have  proved  successful  in  burning 
bituminous  coal  although  three  years  ago 
it  was  thought  to  be  impossible  on  draft, 
traveling  grate  stokers. 

Elements  of  Industrial  Heating  —  The 
W.  S.  Rockwell  Company,  Furnace  En- 
gineers, SO  Church  Street,  N.  Y.,  is  dis- 
tributing a  booklet  prepared  in  an  effort 
to  give  a  proper  view  of  the  principals 
governing  heat  treatment  of  metallurgi- 
cal, chemical  and  ceramic  products, 
and  the  selection  and  use  of  equipment, 
fuel  or  electricity  as  a  means  to  that  end. 
They  state  that  the  matter  is  entirely 
technical  and  has  been  reviewed  by  teach- 
ers and  engineers  who  have  insured  its 
accuracy  and  freedom  from  bias. 

Steel  Structure  —  McClintic  Marshall 
Company.  Pittsburgh,  Pa.,  is  distributing 
a  book  illustrating  a  number  of  buildings 
which  they  have  erected  in  the  past. 
This  booklet  is  very  beautifully  bound 
and  printed. 

Furnace  Chart  Calculator  —  The  Pitts- 
burgh Electric  Furnace  Corporation. 
Pittsiburgh,  Pa.,  is  distribuiting  'lectro 
calculator,  which  is  a  form  of  circular 
slide  for  calculating  the  additions  of  va- 
rious alloys  and  metal  mixtures  to  alloy 
in  given  percentage  of  alloy,  and  alloy  in 
ordinary  percentage  of  loss  in  the  absorp- 
tion of  alloy.  It  is  intended  for  the  use 
of  furnace  superintendents  and  melters 
and  the  metallurgical  profession  in  gen- 
eral; and  will  prove  valuable  in  making 
calculations  for  the  purposes  intended. 
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The  Conveyors  Corporation  of  Amer- 
ica, 326  West  Madison  Street,  Chicago. 
111.,  has  appointed  the  George  W.  Fife 
Engineering    Company,    1403    Merchants 


Bank  Building,  Indianapolis,  Indiana,  its 
representative  for  the  sale  of  American 
Trolley  Carrier  in  the  State  of  Indiana. 
The  American  Trolley  Carrier  is  equip- 
ment for  handling  coal  from  railroad  cars 
to  bunkers,  silos  or  open  storage  pile.  It 
consists  of  an  overhead  monorail,  with 
a  trolley  from  which  a  one-ton  bottom 
dump  bucket  is  suspended. 

Westinghouse  Krantz  Works  Moved 
to  Mansfield. 

Increased  business  necessitating  in- 
creased production  and  more  adequate 
facilities  has  resulted  in  the  transfer  of 
the  Krantz  works  of  the  Westinghouse 
Electric  &  Manufacturing  Company  to 
Mansfield.  O.  The  transfer  of  the  Krantz 
works,  to  Mansfield  offers  better  facilities 
for  increased  production  and  gives  the 
works  a  location  in  the  central  part  of 
the  country  with  easy  access  to  a  large 
number  of  railroads  and  to  both  the  Mid- 
d,''e  West  and  Eastern  offices  of  the 
Westinghouse   Company. 

Westinghouse  Opens  Sales  and  Service 
Building  In  Minneapolis. 
In  order  to  adequately  serve  the  great 
territory  known  as  the  Twin^City  area. 
the  Westinghouse  Electric  &  Manufac- 
turing Company  has  leased  a  six-story 
building  in  the  Minneapolis  industrial  dis- 
trict which  will  serve  as  a  combined  sales, 
service  and  warehouse  center.  The  struc- 
ture, which  was  built  especially  for  and 
is  leased  by  the  Westinghouse  Company 
for  a  period  of  20  years,  is  one  of  a  group 
of  buildings  included  in  the  plan  of  the 
Northwestern  Terminal  Company  of 
Minneapolis  to  provide  an  efficient  and 
economical  distributing  service  for  the 
products  of  eastern  manufacturers. 

In  order  to  promote  the  demand  for 
corrugated  metal  roofing  and  siding  pro- 
tected with  asbestos  and  asphalt,  the 
Johns-Manvills,  Inc.,  Pittsburgh,  have 
been  appointed  joint  selling  agents  by 
the  H.  H.  Robertson  Company,  Pitts- 
burgh. In  the  future  all  asbestos  pro- 
tected metal  (more  recently  called  Rob- 
ertson Process  Metal)  roofing,  siding, 
accessories  and  ventilators  will  be  manu- 
factured and  shipped  from  the  plant  of 
H.  H.  Robertson  Company  at  .-Vmbridgt. 
near  Pittsburgh.  Pa.  Hereafter  in  the 
manufacture  of  .Asbestos  Protected  Metal 
products  by  H.  H.  Robertson  Company, 
the  Johns-Manville  asbestos  saturated 
felts  will  be  used. 
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December  7-13  —  National  Exposition 
of  Power  and  Mechanical  Engineering 
will  be  held  at  the  Grand  Central  Palace 
with  the  exception  of  the  intervening 
Sunday. 
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Oxwelding  steel 
hatch  combings 


^ght  Angling  Angle  Irons 


A  neat,  economical  and  permanent  joint  right  on  the  spot  and  in  a  few 
minutes'  time — that's  an  every-day  example  of  oxwelding. 

Wherever  joining  or  cutting  metals  will  save  time  and  money — the 
oxwelding  and  cutting  blow-pipes  are  essential. 

Oxwelding  is  a  produdion  fador  in  hundreds  of  plants  and  wherever 
it  has  been  applied  to  manufaduring  the  result  is  invariably  a  better 
produd  at  reduced  cost  and  in  less  time. 

And  in  the  upkeep  of  machinery,  oxwelding  is  indispensable — remak- 
ing worn  and  broken  parts  at  nominal  expense  and  with  scarcely  any 
lost  motion. 

Oxweld  Service  Engineers,  stationed  in  more  than  fifty  important  cities, 
await  your  pleasure  to  demonstrate  the  application  of  the  process  to 
your  own  problems  of  produdion  and  reclamation. 

Write  for  an  illustrated  book  "Oxweld  Can  Do  It!" 

OXWELD  ACETYLENE  COMPANY  .  Newark,  N.  J.  >  Chicago  '  San  Francisco 
Sales  Representatives  in  the  Principal  Cities  of  the  JVorld 


What  Oxweld  has 
done  for  others — 
Oxweld  can  do 
for  you. 


OXWELD  Can  Do  ITI 


An  illustrated  book 
"Oxweld  Can  Do  It" 
tells  what  oxwelding 
is  doing — write  for  it 


WORLD'S     LARGEST     MAKER     OF     EQUIPMENT     FOR     OXWELDING     AND     CUTTING    METALS 
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QUALITY 


UNITEDs 


SERVICE 


COMPLETE 

ROLLING  MILL  EQUIPMENT 


Group  of  10  "United"  heavy  duty  roll  lathes  in  our  American  plant  at  Can-  H 

ton,  Ohio,  which  is  equipped  with  26  roll  lathes.     This  is  one  of  three  large  11 

modern  roll  turning  shops  operated  in  connection   with    our    roll    department,  |  B 

enabling  us  to  give  our  customers  the  best  possible  roll  turning  service.  |1 

We  were  originators  of  the  heavy  duty  type  of  roll  lathe,  and  have  steadily  |  ■ 

developed  this  type  of  lathe  to  meet  th3  exacting  and  special  requirements  of  |B 

the  art  of  roll  turning.     In  this  development,    parts   were    strengthened,    im-  |1 

provements  made  and  designs  simplified  as  experience  and  operating  condi-  1 1 

tions  brought  out  these  points.  |  ■ 

Heavy  Duty  Roll  Lathes  are  built  in  the  following  sizes:  || 

18"  -  26"  -  34"  -  42"  -  50"  || 

United    Engineering   &    Foundry  Co.  || 

Pittsburgh,  Pa.  || 

THE  WORLD'S  GREATEST  MANUFACTURERS  OF   COMPLETE    ROLLING    MILL    MACHINERY    FOR      i| 

IRON,  STEEL  AND  TUBE  WORKS  || 
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Superior  Mill  ^^p^  ^ 
Table  Bearings  r  r 
-Hyatt- 


To  properly  stand  up  under  the  severe  conditions  ol  reversing  bloom- 
ing mill  table  service,  the  bearings  you  select  must  have  durability 
built  into  them. 

The  improved  type  of  Hyatt  roller  bearing  developed  principally 
for  blooming  mill  tables  has  this  necessary  inbuilt  durability. 

When  you  plan  the  rebuilding  of  your  present  mill  tables  remember 
that  by  using  the  correct  size  of  improved  Hyatt  mill  table  bearing 
to  meet  the  conditions  of  your  mill,  you  can  avoid  the  costly  delays 
experienced  when  ordinary  bearings  are  used. 

To  eliminate  delays  due  to  bearing  replacements,  to  reduce  main- 
tenance, and  to  produce  steel  at  minimum  cost  per  ton,  incorporate 
Hyatt  mill  table  bearings  in  your  design. 

Get  in  touch  with  our  engineers  in  Chicago,  Philadelphia  or  Pitts- 
burgh, they  can  be  of  practical  assistance  in  properly  applying  these 
modern  bearings  to  your  equipment. 


Hyatt  Roller  Bearing  Go.^ 


Motor  Bearings  Division,  Detroit 
Tractor  Bearings  Division,  Chicago 


Industrial  Bearings 
usF\Division 

yattN 


New  York,  N.  Y. 

Pacific  Coast  Division 
San  Francisco 
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The  Automatic  Heavy  Duty 

Gas  Producer 

— Has  the  Following  Features — 

AUTOMATIC  FEEDING  OF  THE  COAL 

AUTOMATIC  ASH  DISCHARGE 

AUTOMATIC  AGITATION  OF  THE  FUEL  BED 

ARCHED  FIRE  BRICK  TOP 

TURBO  FAN  BLOWER  EQUIPMENT 

WORM  DRIVE  OF  SHELL  AND  BARS 


Gasifies  50  tons 
of  coal  in 
24  hours 


If  interested 
write  for 
pamphlet 


R.  D.  WOOD  &  COMPANY 

PHILADELPHIA,  U.  S.  A. 
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Forty-five  Days  at 

a  Stretch 

TRADE  MARK 

BRISTOL'S 

R  EG.  U.  S.  PAT.  OFFICE. 

Long  operations  may  be  record- 
ed   complete    on    this    Bristol's 
Strip     Type     Recording     Pyro- 
meter.    Several    long    furnace 

heats    may    be    recorded    in    se- 
quence with  a  minimum  amount 
of  attention.      Maximum  accur- 
acy and  dependability  bring  to 
this  convenience  the  other  char- 
acteristics   which    must    recom- 
mend  Bristol   Equipment    most 
highly  to  your  own  attentions. 

(Q 

And  in  speaking  of  accuracy  the 

1        Automatic    Internal    Cold   End 

1        Compensator,  are  exclusive  feat- 

I        ure    with    Bristol's    Pyrometer, 

1        should  not  be  overlooked.     This 

1        is  a  simple  device  located  within 

1        the  instrument  itself  (also  where 

n        the  cold  end  is)  which  automat- 

|M|j        ically  compensates  for  any  vari- 

^^       ations  in  the  temperature  of  the 

'•''s^          cold  end  of  the  thermo-couple. 

1 

np^m^^^ 

^^n^r^^  ^^^^H 

1 

1 

The  whole  story  of  Bristol's  util- 
ity cannot  be  told  in  a  few  words, 
but  it  may  not    take    many    to 
show  you  where  the  proper  in- 
stallations   can    save    you     real 
money. 

^^^^^^L  ^^^^^^^J 

jllllllll^ 

jH 

Let    us    send   you   our    new 
Pyrometer  Catalos  AD-1401. 

HriJiihHIHBBH 

wm 

i 
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The  Bristol  Company 

Waterbury,  Conn. 

BRANCHES: 

Boston                                               Detroit 
New  York                                         Chieago 
Philadelphia                                   St.  Louis 
Pittsbureli                                      San  I''ranri8co 
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STEEL   MILL   POWER 


The  above  cut  shows  one  of  two  7500 
k.  w.  1500  R.  P.M.  Steam  Turbo-Genera- 
tors installed  in  one  of  the  most  modern 
Steel  Mills  in  the  United  States. 

Allis- Chalmers  Steam  Turbines  are  in- 
stalled in  a  number  of  mills  prominent  in 
this  country' s  steel  industry  and  their  record 
proves  their  exceptional  suitability  for  this 
severe  service. 


AUis-Chalmers   Products 

Elect rioal    Maehinery 
Steam   Turbines 
Steam   Kngines 
Condensers 
Hydraulic    Turl>ines 
Pumping-    Kngine;. 
Centrifufiral    Tumps 
Gas    Kngines 
Oil    Kngines 
Alining:    Machinery 
Metallurgical    .^lachincry 
Crushing  and    Cement    Ma<-hinery 
Flour    Mill    Machinery 
Saw   ^lill   Machinery 
Air  <^'ompressorM 
/Vir  Brakes 

Steam    an^I    Electric    Hoists 
Farm   Tractors 

Power    Transniission    Machinery 
Perforated    Metal 
Timber   Treating  and   Freservinp 
Machinery 
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C-H  44-inch  Magnetic  Clutch 

between  the  350  HP  A.  C.  Synchronous  Motor 

and  accumulator  pump. 


Eliminating  Unnecessary 

Pump  Wear  and  Lowering 

Power  Bills 

Many  new  ways  of  effecting  savings  through 
the  application  ot  the  easily-controlled,  rugged 
C-H  Magnetic  Clutches,  are  being  discovered 
by  engineers  and  industrial  heads. 

The  application  shown  above  is  a  case  in  point:  — 
Instead  of  the  usual  method  of  operating  this  accu- 
mulator pump  continuously  with  squirrel  cage  or  slip 
ring  motor — a"power-factor-increasing" synchronous 
motor  was  installed,  driving  the  pump  through  a 
C-H  Clutch. 

Instead  of  loading  and  unloading  by  means  of 
valves,  the  pump  now  runs  only  when  actual  work 
is  to  be  done,  thus  saving  unnecessary  wear. 

When  the  synchronous  motor  is  up  to  speed,  the 
Magnetic  Clutch  is  engaged,  after  which  it  may  be 
disengaged  and  re-engaged  by  merely  touching  a  but- 
ton or  manipulating  a  small  switch. 

While  idling  as  a  condenser  on  the  line,  the  motor 
improves  the  power  factor  and  lowers  power  costs. 

In  your  plant  you  can  take  advantage  of  these 
same  characteristics  —  probably  make  unnecessary 
additional  transformer  or  copper  capacity,  or  decrease 
your  demand  charge.  Let  us  tell  you  how. 

THE  CUTLER- HAMMER  MFG.  CO. 

Magnet  and  Clutch  Department 

JVorks:  MILWAUKEE  a«(/  NEW  YORK 

Offices  and  Agents  in  Principal  Cities 

Northern  Electric  Co.,  Ltd. ,  Canada 


Exploded  view  of  C-H  Magnetic  Clutch — 
no  toggles,  links,  levers.  That's  why 
they  stand  the  gaff. 


The  C-H  Magnetic  Clutch 
consists  of  but  two  parts,  one  of 
which  carries  the  magnetic  coil. 
There  are  no  toggles,  links,  etc. 

Engagement  and  disengage- 
ment are  thus  easily  controlled 
by  simply  pushing  a  button  or 
operating  a  small  switch. 

These  clutches  require  but 
small  space  and  operate  success- 
fully at  high  or  low 
speeds.  They  do  not 
grab  their  load,  but 
have  smooth  accelerat- 
ing action.  The  period 
of  energizing  is  suffi- 
cient to  cushion  the 
force  ot  engagement. 


Pub.  2030 


MAGNETIC  CLUTCHES 
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BLAW-KNOX 

Water-Cooled 

Doors  and  Frames 

Skewbacks 

Ports 

Damper  Type  Re- 
versing Valves 
Buckstays 
etc. 


A  Tjrpical 

Blaw-Knox  Equipped  Furnace 


Six  Times  the  Life 
of  DR  Y  Doors 
and  Frames 

represents  conservatively  the  life  of 
Knox  Water  Cooled  Doors  and 
Frames  for  Open  Hearth  Fur- 
naces. 

Aside  from  the  actual  proven  dol- 
lars and  cents  savings  of  Knox 
Doors  and  Frames,  the  efficiency 
of  labor  is  greatly  increased;  as 
they  make  the  area  immediately 
in  front  of  the  furnace  more 
comfortable  for  the  operators. 

The  great  majority  of  open  hearths 
all  over  the  county  are  already 
Knox  equipped  because  this  ap- 
paratus has  so  conclusively  prov- 
en its  savings  upon  installations. 

Write  for  further  information  about 
Knox  Water  Cooled  Equipment 
for  High  Temperature  Furnaces. 

BLAW-KNOX  COMPANY 

615  Farmer's  Bank  Bldg.,  Pittsburgh,  Pa. 

New  York  Chicago  Baltimore  Detroit 

Birmingham  London,  Eng. 


IQlGX^^llgEQUIPHENT 
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"It   Really   Is    Continuous" 


Continuous 
Coal  Feed, 
Agitation  and 
Ash   Removal 


"We  Move  the 
Parts  That  Do 
the  Woik" 


Chapman  Continuous  Gas  Producer 

For  five  years  we've  "moved  the  parts  that  do  the  work."  Our  Continuous  ash  removal  is  on 
this  same  principle. 

The  three  steps  in  producer  gas  making — coal  feeding,  agitation  and  ash  removal — all  progress 
continuously  (not  intermittently)  in  the  Chapman  Continuous  Gas  Producer.  This  means  uni- 
formity in  the  fire  bed,  which  produces  the  uniformly  rich  gas  so  necessary  to  fuel  economy. 

The  massive  shell  with  its  several  tons  of  fire  brick  is  stationary,  so  is  the  ash  pan,  for  only 
those  parts  move  that  do  effective  work.  The  Agitator  Bar  and  Ashing  Arm  are  entirely  inde- 
pendent and  the  speed  of  each  can  readily  be  adjusted  to  harmonize  with  the  other. 

A  letter  from  you  will  bring  complete  information  on  Chapman  Gas  Machinery  and  Engineer- 
ing Service. 

CHAPMAN  pN^MEERING  CO. 


tiM 


MT.  VERNON,  OHIO 

Oliier  Bid!;..    riltshiirKh   50   Hiiirch   SI..   New   York 

Since    1833    Engineers    and     Builders 
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The  Chapman- Stein  Refractory  Tile 
Recuperator  Furnace  Is  Leak  Proof 


F 


Two  Chapman-Stein  Billet  Heating   Furnaces  in  the  Youngstown 
Sheet  &  Tube  Plant,  Youngstown,  Ohio 

ORCE  a  Chapman-Stein  Billet  Heating  furnace  if  you  wish — you  need 
have  no  fear  of  burning  out  the  recuperators  for  they  are  made  of  the 
same  material  as  the  best  fire  brick.     They  have  air  capacity   for   100% 

overload  without  any  leakage  between  the  air  and  waste  heat  flues  because  the 

pressure  on  either  side  is  always  equal. 

The  mill  never  waits  for  steel  when  the  billets  are  coming  from  a  Chap- 
man-Stein Furnace.  A  very  high  temperature  can  be  held  so  constant  and  is  so 
uniform  from  side  to  side  of  the  furnace  that  the  continuous  discharge  of  billets 
need  never  be  interrupted.  There  are  installations  where  the  tonnage  has  been 
doubled.  At  the  same  time  by  reason  of  the  efficient  combustion  and  transfer 
of  heat,  the  fuel  consumption  was  reduced  nearly  20%. 

Oxidation  losses  are  negligible,  due  to  a  positive  pressure  within  every  Chap- 
man-Stein Furnace,  which  prevents  air  from  being  drawn  in  through  the  doors 
and  peep  holes. 

These  are  some  of  the  features  which  make  Chapman-Stein  Billet  Heating 
Furnaces  good  paying  investments. 

CHAPAi4NST^TOTFMNACE  CO. 


CONTRACT  BLANK 

The  Andresen  Company,  Inc., 

Publishers  of  "Blast  Furnace  and  Steel  Plant," 

Thaw  Building,  Pittsburgh,  Pa. 

Gentlemen : 

We  desire  to  be  represented  in  your  January  Annual   Review  and   Reference  Issue   of  BLAST  FUR- 
NACE AND  STEEL  PLANT  and  you  may  reserve  on  our  account pages  to  appear  in  the  following 

sections  that  we  have  checked : 

ADVERTISING  SECTIONS  AS  THEY  WILL   APPEAR   IN   THE    1923   JANUARY 
ANNUAL  REVIEW  AND  REFERENCE  ISSUE  OF  THE 
BLAST  FURNACE  AND  STEEL  PLANT 

I       I     Construction  and  Engineering  Section  I 

' '  (a)     By-Product  Coke  Plants  ' '     Furnace  Section 

(b)  Blast  Furnace  Plants  (a)     Open  Hearth  Furnaces 

(c)  Structural  Plants  (b)     Electric  Melting  Furnaces 

(d)  Engineers  (c)     Forgmg  and  Heat  Treating 

Furnaces 

Rolling  Mill  Equipment  Section  I      I 

(b)  Roll's"^  ^'"^  Fuel  Section 

□  (a)     Powdered  Coal  Equipment 

Transmission  Section  (b)     Gas  Producers 

(a)  Drives  (c)     Gas,  Coal,  Fuel  Oil,  etc. 

(b)  Belting  I      I 

(c)  Bearings  Metals  and  Raw  Materials  Section 

(d)  Lubricants  (^)     Pig  Iron 

(e)  Bearing  Metals  fb)     Iron  Ore 

I       I     Material  Handling  Section  {^2     ^'?!'^ 

' '  (a)     Cranes  and  Hoists  (^)     ^'^o^^ 

(b)  Trucks,  Tractors,  Industrial  I       I 

Cars  Refractories  Section 

(c)  Locomotives  (a)     Fire  Brick 

(d)  Ladle  Cars,  Charging  Cars,  etc.  (b)     Cement 

(e)  Buckets  I       I 

I      I     Recording  Instrument  Section 

' '            (a)     Pyrometers  (a)  Motors 

(b)  Testing  Instruments  y'}  X^"^''^*°J:f 

(c)  Recorders,  etc.  „__           (*-)  General  Electrical  Equipment 

I I     Machine  Tool  Section  I 1     Power  Plant  Section 

(a)  Shears  (-^^     Bojle^g 
b)     Bar  Cutters                                                                 (b)     Piping 

(c)     Lathes,  etc.  (j.)     Valves 

I  Miscellaneous  I      j 

' (a)     Welding  Equipment  ' '  Forging  Equipment  Section 

(b)  Safety  Apparatus  (a)     Hammers 

(c)  Scales,  etc.  (b)     Presses  (Hydraulic) 

As  per  your  special  offer,  all  advertisements  appearing  in  the  January  Annual  issue  are  to  be  printed 
on  coated  colored  insert  stock  and  the  issue  is  to  have  a  guaranteed  distribution  of  5,000  copies. 

For  the  above  service  we  agree  to  pay  in  accordance  with  the  following  schedule  of  rates: 

One  Page   $100.00  Four  Pages    $300.00 

Two  Pages 175.00  Eight  Pages 500.00 

Copy  instructions  will  be  mailed  to  you  date 1922 

Company 

Accepted  by: 
The  Andresen  Company,  Inc.  _ 

By 

President 

Thaw  Building,  Pittsburgh,  Pa.  Address 


You  Should  Be  Represented  in  the  January  Annual  Review 
and  Reference  Issue  of 

The  Blast  Furnace  and  Steel  Plant 

which  this  year  has  many  added  features  that  promise  to  even 
increase  its  already  well  established  value  as  a  reference  number. 

The  editorial  pages  will  be  more  interesting  than  ever  and  will 
surpass  in  practical  value  any  contributions  that  we  have  ever 
been  able  to  extend  to  the  Iron  and  Steel  industry.  Every 
article  written  by  the  leading  authority  on  the  subject  he 
presents. 


This  is  the  issue  that  you  cannot  afford  to  pass  by  without  pre- 
senting the  complete  story  on  what  you  have  to  offer  in  the  way 
of  improved  equipment. 


The  January  Annual  Review  and  Reference  Issue 

of  the 

The  Blast  Furnace  and  Steel  Plant 

offers  advertisers  an  opportunity  of  extending  a  word  of  good 
cheer  for  a  happy  and  prosperous  New  Year. 

The  psychological  time  to  tell  your  complete  sales  story  to  the 
5,000  or  more  operating  officials  of  the  steel  industry,  who  will 
read  this  issue  with  keenest  enthusiasm. 


This  is  the  issue  in  which  everyone  expects  to  see  yotir  equipment 
advertised. 

DON'T  MISS  THIS  OPPORTUNITY 


Its  unique  arrangement  of  advertising  pages  this  year  makes  it 
doubly  attractive  and  effective  from  an  advertising  point  of  view 
and  gives  you  opportunity  of  appearing  in  a  special  section  to- 
gether with  the  other  manufacturers  who  produce  like  equipment. 

All  advertising  pages  this  year  will  be  printed  on  coated  colored 
insert  stock  and  arranged  into  sections  as  outlined  on  the  reverse 
side  of  this  sheet — all  sections  being  separated  with  title  pages  so 
as  to  make  each  group  of  advertisements  independent  of  each  other. 


Send  in  your  reservation  early  so  as  to  secure  a  preferred  location. 
Better  yet,  wire  your  reservation  immediately  at  our  expense. 


See  other  side  for  rates,  classification  of  advertising,  etc. 
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Metal  Costs  More  Than  Lubricants — It's  cheaper  to  pre- 
serve your  wire  ropes  and  gears  with  Ironsides  lubricants 
than  to  replace  them  frequently. 

Ironsides  Wire  Rope  Shield— for  preservation  and  lubrica- 
tion—widely used  in  Mines,  Blast  Furnaces,  Steel  Plants 
and  Factories. 

Ironsides  Gear  Shield — lessens  noise,  wear  and  costly 
replacements— used  by  up-to-date  Rolling  Mills. 

Ironsides  Cold  Neck  Shield— the  best  roll-neck  lubricant  in 
existence— for  Rolling  Mills. 


IML^aaQ  (BsM  533^ 
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WHEN  YOU 
THINK  OF  PIPING 


THINK  OF  PITTSBURGH 
PIPING' 


Pittsburgh  Piping  ^i  Equipment  Co. 

MANUFACTURERS  &  CONTRACTORS 

PITTSBURGH,  PA. 


NEW  YORK 
220  BROADWAY 


CHICAGO 
PEOPLES  GAS  BLDG. 


SAN  FRANCISCO 
MONADNOCK  BLDG. 


CLEVELAND  INDIANAPOLIS  BIRMINGHAM 

AMERICAN  TRUST  BLDG.     TRACTION  TERMINAL  BLDG.       AMERICAN  TRUST  BLDG 
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iDnes 

Spur  Gear 
Speed  Reducers 

An  enclosed  spur  gear  drive  for 
reducing  motor  speeds  by  direct  con- 
necting the  motor  shaft  to  the  high 
speed  shaft  of  the  reducer  through  a 
flexible  coupling.  Mechanically  cor- 
rect; the  few  parts  are  simple,  strong 
and  efficient.  All  speed  reduction  is 
accomplished  by  ordinary  gear  drives 
—  gears  are  all  the  straight  external 
spur  type  of  high  carbon  steel. 

Ask  for  new  speed  reducer  catalog 


^^ 


^ 


Llk: 


W.  A.  Jones  Foundry  &  Machine  Company 

MAIN  OFFICE  AND  WORKS: 

4429  West  Roosevelt  Roadf  Chicago 

BRANCH  SALES  AND  ENGINEERING  OFFICES: 

26  Murray  St.  Union  Arcade                        2482  University  Ave. 

New  York,  N.  Y.  Pittsburgh,  P.  A.                           St.  Paul,  Minn. 

184  Main  St.  1st  Wis.  Nat'l  Bank  BIdg. 

Bufialo,  N.  Y.  Milwaukee,  Wis. 

Cast-Iron  Pulleys  •  Friction  Clutches  •  Shaft  Hangers  -  Boxes  •  Couplings 

Cut  Gears  •  Cast  Gears  -  Sprocket  Wheels  -  Rope  Sheaves 

Flywheels  •  Enclosed  Worm  Gear  Drives 

Spur  Gear  Speed  Reducers 
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MONTHLY  Record 

PRODUCTION  ON   No.   5  RODS 


APRIL  1918 
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Monthly  Record                                          May  1918 

PRODUCTION   ON   MISCELLANEOUS  ROD  SIZES 
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Ei^Kt-hour  Continuous  Gas  Samples 
from  records  of  work's  cKemisl  at  one  of 
the  well  known  Steel  Plants  in  the  U.  S.  A. 


.  200 


i170 


m  140 


:AGE — 185  B.  T.  U.  PER  CUB.  FOOT  AT  32°  F.: 


AVERAGE  RATE  OF_  GASIFICATION — ABOUT        2700     XBS.    PER 


AVERAGE  CO, 


HOUR   OVER   5   MONTH    PERIOD: 


130 1-    I    1     1     T  ^feF— I — I     I     I     1     I— I — I — I — I     I     I     I     ■■    I     I     I     I     I     I     1     r 


PittsbnrKb  Office 
610  Ma^ee  Bids.      Telephone   Court    1381 


Is/LCD  I^  G^A.  ISI 
PRODUCER  GAS 
VLACMIMES 

maintain  the  quality 
of  gas  continuously 
at  a  high  value  -  -  - 
operation  is  less 
dependent  upon  the 
human  element  -  -  - 

Continuous 
MecKanical  Feeding, 
Levelling  and  AshDischarge 


\^@j^^.E^=Tpgi^,  ms 
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AmM  1 1£^ 


(PATENTED) 


It 

Has 

Established 

Performance 

Records 

and  Costs 

for 


Where  There  is  Adamite 
There    is    Economy 


"ADAMITE"  Rolls  and  Castings  will  decrease  your 
Operating  Expenses,  just  as  they  have  done  and  are 
doing  for  those  who  have  used  this  alloy. 

Don't  be  misled  by — 
"JUST  AS  GOOD  AS  ADAMITE" 

Being  just  as  good  as  "Adamite",  will  never  make 
it  "Adamite". 


The  Best 

Superin- 
tendents, 

the  Best 
Roll  Turners, 

the  Best 
Operators, 

the  Best 
Mill  Men 
Generally 


Sole  Manufacturers: — 

Mackintosh-Hemphill  Co. 

United  Engineering  &  Foundry  Co. 
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IhpDIasf  nimaco^jfool  Plant 


26x36-Inch  Continuous  Cold  Rolling  Mill 

Mackintosh-Hemphill    Co. 

PITTSBURGH,  PA. 

Offers  You  a  Complete  Service— IN  ROLLING  MILL  AND 
STEEL  WORKS  EQUIPMENT— thru  its 

following  departments : 

Fort  Pitt  Foundry  Woodard  Machine  Co. 

A.  Garrison  Foundry  Pittsburgh  Iron  &  Steel  Foundries 

Machinery  for  Iron,  Steel,  Tube,  Zinc,  Brass    and    Aluminum    Works — Forging 
Presses,  Shears,  Saws,  Roll  Lathes,  Hydraulic  Machinery 


19 


''MANGANITE"— ROLLS— "ADAMITE 

CHILLED,  SAND  AND   STEEL  ROLLS 

STEEL,     IRON     AND     "ADAMITE"     CASTINGS 

CAST  AND  CUT  TEETH  GEARS  AND  PINIONS 

ANNEALING  BOXES  AND  BOTTOMS 


"  The  Best  in  Rolling  Mill  Machinery  " 
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Lewis  Foundry  and  Machine  Go. 


FARMERS   BANK   BUILDING 
PITTSBURGH,  U.S.A. 


BREAK   DOWN   MILL  WITH  MOTOR  SCREW   DOWN 


ROLLS  AND  ROLLING  MILL  EQUIPMENT  FOR 

IRON,  STEEL  AND  NON-FERROUS  METALS 

SPECIAL  MACHINERY 
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D,nnias-fFu 


run  CO, 


^SfcH-l  VU 


"WHEELING   QUALITY*' 


llllllllll!^ 


1  STEEL    ROLLS  CHILLED    ROLLS  | 

I  SUPER-STEEL    ROLLS  SAND    ROLLS  | 

I  Steel  Castings  | 

I  Iron  Castings  | 

I  Special  Machinery  I 

I  Rolling  Mill  Machinery  | 

I  Wheeling  Mold  &  Foundry  Company  i 

■  WHEELING,  W.  VA.  ■ 
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NATIONAL 

Chilled  Sheet  and  Tin  Plate  Rolls 

FOR  HIGH  GRADE  PRODUCTS 


iment 


Rolling  Mill  Machinery  Comprising 

WEIGHT— RIGIDITY— WORKMANSHIP 


NATIONAL  ROLL  &  FOUNDRY  CO. 

AVONMORE,  PA. 
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BIRDSBORO 

Steel  Castings 

IRON  CASTINGS-INGOT  MOLDS 


Ti</tn     Chilled  «nd 
H  UIl  Sand 


"ROLLS" 

Darlte  (patented) 


Alloy  and     Qf/ial 
Carbon        OlCcl 


Blast  Furnace  Machinery,  Rolls,  Roll- 
ing Mill  Machinery,  General  or  Special 
Machinery,  Buchanan  Crushers  and 
Concentrating  Machinery,  Chilled  Iron 
Pump  Plungers,  Roll  Lathes,  Jackson 
Belt  Lacing  Machines. 

Hydraulic  Presses 
and  Accumulators 

Birdsboro  Steel  Foundry 

&  Machine  Co., 

Birdsboro,  Pennsylvania 

New  York  Office,  90  West  St.,  New  York  City,  Room  1710.      Tel.  Rector  6664-5-6 
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CARBON     ^^^^R^^^Hii^  "OTISCO' 

(Alloy) 


OTIS  ROLLS 

Made  to  suit  Mill  Conditions.  Otis  Rolls  are  being  used 
in  some  of  the  largest  Plants  in  the  Country,  and  have  won 
favor  in  these  Plants  by  their  toughness,  hardness,  great 
strength  and  long  service.  What  they  are  doing  in  other 
Plants  they  can  do  in  yours. 

TRY  THEM.     THEY   WILL  REDUCE 
YOUR  ROLL  COSTS. 

Prompt  Ddiveriea 

The  Otis  Steel  Company,  Cleveland,  Ohio 
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Superheat! 


Sealed  End 


Spacer  SteelTubs 


Steam  Path:(annuc5r)         Inner  Corf  Cast  Iron  Extended  Surface 

The  Foster  Superheater  that  assures  the  benefits   of 

superheat  with  maximum  efficiency. 


Typical  Foster  Superheater  Construction 


You  are  doing  your  level  best  to  keep  down  operating 
costs.  But  whichever  way  you  turn,  you  are  faced  by 
handicaps — high  fuel  costs,  poor  grades  of  fuel,  inefficient 
help,  insufficient  capacity,  high  costs  of  supplies  and  re- 
placements. Your  problem  is  how  to  improve  your  plant 
economy  so  as  to  wm  out  over  present-day  conditions. 

Superheat  Your  Steam! 

Have  you  investigated  the  benefits  of  superheat?  Take 
your  engines,  for  example.  Superheat  reduces  the  amount 
of  steam  they  will  require  by  about  1%  for  every  12  de- 
grees in  the  case  of  turbines  and  to  an  even  greater  de- 
gree in  the  case  of  reciprocating  engines.  And  super- 
heat helps  engine  operations  in  another  way — by  eliminat- 
ing the  condensation  that  slows  up  turbines  and  washes 
the  lubricating  oil  off  engine  cylinder  walls. 
Properly  designed  superheaters  also  improve  boiler  effi- 
ciency. 

This  is  proven  by  the  fact  that  Foster  Superheaters  in- 
variably increase  the  capacity  of  boilers  for  work  and  re- 
duce stack  temperatures. 

You  will  find  that  new  and  up-to-date  power  plants — the 
plants  that  are  making  records  for  economy — are  using 
superheated  steam.  And  remember  that  the  advantages 
of  superheated  steam  are  even  greater  in  small  or  old  or 
uneconomical  plants. 

Foster  Superheaters  assure  the  full  benefits  of  super- 
heat with  least  maintenance.  Foster  construction 
meets  superheater  service  conditions  with  a  unique  com- 
bination that  has  proven  faultless  for  20  years  —  a  steel 
tube  to  carry  pressure  expanded  into  a  cast  iron  extended 
surface  on  the  exterior  to  resist  corrosive  furnace  gases 
and  to  greatly  increase  the  surface  exposed  to  these  gases 
for  the  collection  and  storage  of  heat. 
Let  us  show  you  how  Foster  Superheaters  will  help  you 
improve  your  plant  efficiency.  A  postal  card  will  bring 
full  information. 

POWER  SPECIALTY  COMPANY 

111  Broadway,  New  York 

Boeton  Philadelphia  Pittsburgh  Chicago  San    Francisco 

Kansas   Cit.r  Dallas  liondun.    England 

Plants  at    Dansville,  N.   Y.,  and   Esliam,   England 


FO  STE  R 

SUPERHEATERS 

iiniHiiHiiiiiiiiiiiimiiiiiJiiiiiiiiiii 
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"What  Did  the  Inspector  Say,  Bill?" 


Bowser  Products 

For    Handlins    Gasoline 

and  Oils  Wherever 

Sold  or  Used 

Filling  Station  Pumps 
and  Tanks  for  Gas- 
oline. 

Port  ible  Tanks  for  Oil 
and  Gasoline. 

Storage  and  Measuring 
Outfits  for  Paint  Oils, 
Kerosene  and  Lubri- 
cating Oils. 

Carload  Oil  Storage 
Tanks. 

Power  Pumps. 

Dry  Cleaners'  Under- 
ground NapthaClari- 
fying  Systems. 

Richardson-Phenix  Oil 
Circulating  and  Fil- 
tering Systems  and 
Force  Feed  Lubri- 
cators. 

L  Write /or  BocHrti  . 


tfrnvntnarr 


"What  he  said  about  the  way  we  handle  our  oils  was  aplenty, 
Jim,  '  answered  Bill.  "He  said  those  leaky  drums  scattered 
all  over  the  plant  made  the  worst  kind  of  a  fire  risk.  And 
that  means  the  company  is  forced  to  pay  the  maximum  rate 
— all  because  w^e  don't  have  proper  oil  storage." 

Many  a  plant  has  cut  its  insurance  load  by  installing  Bowser  equipment, 
which  insures  minimum  rates  by  eliminating  fire  hazards.  The  saving  on 
insurance,  plus  the  saving  on  oil,  will  pay  for  the  whole  equipment. 

Moreover,  Bowser  systems  eliminate  waste,  check  purchases,  measure 
every  drop  used,  cut  labor  costs  to  the  very  lowest  point — and  do  their 
full  part  in  insuring  better  lubrication  and  fewer  mechanical  troubles. 

Booklet  A-05,  which  we  will  gladly  mail,  tells  the  story.  Better  still,  ask 
our  engineers  to  make  a  survey  of  your  plant  and  prove  what  a  Bowser 
system  will  do  for  you.  Start  your  drive  for  production  economy  by 
writing  us  today. 

S.  R  BOWSER  «Sl  company,  Inc, 

Pump  and  "Uank,  Headquarters 


Home  Plant:  Fort  Wayne,  Indiana  *  Canadian  Plant:  Toronto,  Ontario 

Factories  and  Warehouses:  Albany,  Dallas,  Milwaukee,  San  Francisco,  Sydney 

Branch  Offices,  with  Service  Deparlmenis,  in  Principal  Cities 

in  this  Country  and  Abroad.     ^Representatives   ILverywhere 
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PUMPS 


Inclinable  Plunger 
Pump 

Capacity  ranges  from  0  to  40  gals,  per 
hour.  Operated  by  some  moving 
part  of  engine  or  machine.  Plunger 
may  be  inclined  to  any  angle  to  facil- 
itate installation.  Unexcelled  for  use 
in  small  circulating  systems  on  ma- 
chine tools,  small  steam  engines,  etc 


for  Fuel  and  Lubricating  Oils 


Large       Small 

Motor  Drive     Belt  Drive     Engine  Drive 

Simplex     Duplex     Triplex 

Single  Units         Multiple  Units 

Capacities — from  0  Q.  P.  M.  up  to 
250  Q.  P.  M.  per  unit 


In  other  words — we  have 
just  the  pumping  unit  to 
do  that  pumping  job  of 
yours.  No  matter  how 
small  —  no  matter  how^ 
large. 


1 709— Motor-Driven 
Rotary  Pump 

Available  in  sizes  of  Ys  '"•  ^P  to  ^nd 
including  3  in.  Capacities  from  0  to  250 
gals,  per  min.  Yg,  1/2  3"<J  %  '"•  sizes 
direct  connected  to  motor.  Larger  sizes 
include  reduction  gears.  For  heavy  duty 
service  in  loading  tank  v^agons  from  un- 
derground storage,  circulating  and  gen- 
eral pumping  requirements  the  Fig.  1709 
is  daily  standing  the  gaff. 


Our  line  of  oil  pumps  is  complete  as  we 
meet  varying  conditions  in  supplying  Oil 
Filtering,  Purifying  and  Distribution 
equipment  for  Steam  Turbines,  all  types 
of  prime  movers,  Steel  Mills,  and  other 
services.  Our  Lubrication  Engineers  are 
at  your  service. 

Tell  us  your  oil  pumping  needs 
— we'll  meet  them  with  guaran- 
teed pumping  equipment. 

THE  prilAIIOSON-piENIX  f')I¥ISIOM 

LUBRICATION    ENGINEERS  AND   MANUFACTURERS 
Port  "Wayne  India.na. 


Fig  lO-F-507  Double-Acting 
Electric  Driven  Pump 

The  favorite  of  steel  mill  engineers.  All  parts 
working  in  a  bath  of  oil.  operation  practically 
noiseless.  For  long  uninterrupted,  satisfactory 
pumping  service,  choose  the  10-F.507. 
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After  Twentx-fiveYears 


III  _  1  Experiences  With 

iiO.1] 


Homestead  Valves 


Other  Interesting  Experiences  from 
Homestead  users  are  solicited.  In  re- 
turn for  a  letter  covering  your  experi- 
ence we  will  mail  you  a  handsome 
leather  pocket-size  note-book  with 
renewable  pad. 


*Name 

Sent 

on 

Request 


Homestead  quality  accounts  for 
the  long  and  thoroughly  satisfac- 
tory service  which  these  valves 
render.  Design,  materials,  and 
workmanship,  are  all  of  the  high- 
est standard. 

Homestead  Valve  Mfg.  Co. 


135   Sixth    Ave. 


Homestead,   Penna. 
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The  Simplest  Condenser 

for  all  size  engines  and  turbines 


The  one  most  striking  feature  of 
the  Tngersoll-Rand  Low  Level  Multi- 
Jet  Condenser  is  simplicity.  Only 
one  standard  cold  water  injection 
pump  is  required,  eliminating  the  in- 
accessible removal  pump  usually 
located  under  this  type  of  con- 
denser. 


NO  ALR  PUMP  IS  NEEDED  as 
the  air  and  vapors  are  removed  l5y  the 
ejector  action  of  the  condensing 
water. 

An  Ingersoll-Rand  L  o  w  Level 
Multi-Jet  Condenser  can  be  installed 
anywhere  to  suit  such  conditions.  It 
is  the  simpest  type  for  all  size  engines 
and  turbines. 


Consult  Our  Engineers  for  Complete  Information. 
INGERSOLL-RAND  COMPANY,  11  Broadway,  New  York  City 


Butte 

lil  Paso 

Knoxville 

Cleveland 

Pliiladelplila 

Birminjjham 

.Seattle 

Sci^nton 

Pittsbursli 

San   Francisco 

Diiluth 

St.   Louis 

lyondon 

L/O'S  .\ngeles 

Salt  Lake  City 

Denver 

Cblcago 

Paris 

Detroit 

.Toplin 

Boston 

New  York 

Hoiighton 

New  Orleans 

Dallas 

18  LL.T 


In^eriffoll  -  Rand 


^^r     Low  Level  Multi-Jet,  Baromet 


Barometric    and   Surface    Condensers 
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ERFECTLY  satisfactory  and  no  repairs."  This  is  the  statement  from  the  engineer  in  charge 
of  the  Terry  Turbines,  installed  at  the  Lever  Bros.  Co.,  Cambridge,  Mass.  This  is  not 
typical  of  all  Terry  turbine  installations,  for  it  must  be  recalled  that  Terry  turbines  were 
being  manufactured  over  twenty  years  ago.  There  is  no  moving  mechanism  built,  which  will 
run  forever  with  out  replacing  the  wearing  parts,  and  the  Terry  turbine  is  no  exception  to  this  rule. 
For  this  very  reason  The  Terry  Steam  Turbine  Company  maintains  a  very  complete  and  extensive 
stock  of  repair  parts  ready  for  immediate  shipment  and  a  force  of  trained  men  in  the  field  for  the 
purpose  of  making  replacements  when  necessary.  The  fact  that  Lever  Bros,  have  as  yet  made  no 
repairs  is  significant  of  the  fact  that  Terry  turbines  with  the  proper  attention  to  lubrication  and  adjust- 
ment are  free  from  operating  kinks  and  troubles  and  will  continue  to  give  good  service  during  the 
calculated  life  of  their  wearing  parts. 

Write  for  Bulletin  No,  2S-A,  which  contains  a  complete  detail  of 
these  working  parts  and  loads  and  stresses  imposed  upon  them.  You 
will  then  appreciate  how  small  your  replacement  charges  will  be, 
should  you  select 


Ofiices  in  Principal  Cities 
in  U.S.A.  also  in  Important 
Industrial  Foreign  Countries 


IheTerri)  Steam  Turbine  Co. 
Temj  Sq.flartford.Conn.USAt 
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Don't   Blame  the   Coal   If 
You  Can't  Hold  Your  Steam 

In  all  probability  your  boilers  are  not  adapted  to  steam  economically  on  the  jjoor  grades 
of  coal  you  are  forced  to  accept. 

Their  design  was  never  intended  to  allow  for   the    furnace    volume   and   grate    surfaces 
lequired  for  the  efficient  combustion  of  thes?  coals. 


are  of  the  vertically  inclined  straight  tube,  sectiunalized  design,   which   permits  the  fur- 
nace to  be  readily  proportioned  to  any  fuel  requirement. 

They  operate  continuously  at  high  economy  with  ma.ximum  flexibilit)-  up  to  ver}-  high 
over-ratings.     Cleaning  and  repair  costs  aie  exceptionally  low. 

A  paying  in^'cstricnt  fnr  any  plant.     Why  not  investigate   their  designf 

THE  BIGELOW  COMPANY 

llslahlishcd    1860 

River  and  Lloyd   Streets,  New  Haven,  Conn. 


Boston  Office 
'(X»l  Oliver  Building 


New  York  Office 
928  Singer  Bldg. 


Send  This 
Coupon  For 
Complete  Data 


/ 


:s^ 


c^' 


>^^> 
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Four  Points 


Jyiore  than  twenty-three  years  ago  Coxe  Stokers  blazed 
tne  way  in  tne  eiricient  Durning  or  antnracite 
coal  on  an  automatic  stoker. 


J^ore  than  ten  years  ago  Coke  Stokers  blazed  the  Tvay  in 
tbe  efficient  burning  of  coke  breeze  on  a  forced 
draft  traveling  grate  stoker. 


J^ore  than  three  years  ago  Coxe  Stokers  blazed  the  way 
in  the  burning  of  mid-west  bituminous  coal 
on  a  forced  draft  traveling  grate  stoker. 


Today  Coxe   Stokers  are   stokers   of  universal 
service  for  all  low  grade  fuels. 


The  above  is  the  sub  title  page  of  a  new  book  on  the 
forced  draft  traveling  grate  stoker  that  is  doing  the 
big  business  in  its  pe/d — Send  for  it;  it  s  interesting. 


INTERNATIONAL   COMBUSTION   EKGINEERING  CORPORATION 


.iMWsiiomEii#ki^fii.#€o]rp0rail0m 


Combusiion  Engineering  Bld^.—  43Bioad  Street  New"Ybrk.Citv 
O&ceFinFrincipal  Ciiier  Thioaghaai  /Jie'Vodld 


type  D  StokciS 
Tipe  KStolms 

Self  Contained  $(olu«' 


Uipalao  hiKvnaid  Fuel  9y«tcar 

CoJOeStoVer/'  ' 

OnffveQiateir 

Air  HeAterf 

CEC  Tute  Scrapm<J  I)ev^e 

ComlxiscoU'dlei  yt-al  CtJxw^\ytJ^ 
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EdgeMqpk^ 


eDOILEKS 


THE  protracted  coal  strike  of  the  past  months  emphasizes  the 
ever-present  need  for  fuel  economy.  The  importance  of  obtaining 
the  utmost  return  from  every  fuel  dollar  is  no  less  in  times  of  in- 
dustrial peace. 

Fuel  economy  begins  and  centers  in  the  boiler  room.  The  boilers  them- 
selves  are  the  most  important  factor  in  any  program  of  fuel  saving. 

Edge  Moor  Water  Tube  Boilers  are  built  for  the  express  purpose  of 
utilizing  every  possible  B.  T.  U.  in  the  fuel  burned  under  them.  The 
unrestricted  connection  between  header  and  drum  that  is  a  feature  of 
Edge  Moor  Boilers  gives  them  exceptional  capacity  for  quick  steam- 
ing. Fluctuating  loads  and  high  overloads  can  be  carried  without 
damage  or  loss  of  efficiency. 

The  Edge  Moor  catalogue  explains  the  important  features  of  this 
boiler  that  contribute  to  fuel  economy.  Your  request  will  bring  a 
copy  promptly. 

EDGE  MOOR  IRON  COMPANY 

Established  1868 

EDGE  MOOR,  DELAWARE 

NcTB  York  Chicago  Boston  Pittsburgh  St.  Paul  Charlotte 


Twelve  556  H.  P.  Edge 
Moor  Boilers  with  chain 
grate  stokers  in  the  plant 
of  the  A.  E.  Staley  Mfg.Co., 
makers  of  starch. 
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SPRINGFIELD  CONSTRUCTION 

Affords  a  steam  liberating"  area  and  circulation  over  the  entire 
length  of  the  steam  drum.  Dryer  Steam  is  produced  than  by  other 
types  of  boilers. 

Provides  a  tube  spacing  that  places  all  tubes  in  the  direct  path 
of  the  combustion  gases,  and  insures  a  low  escaping  gas  tempera- 
ture. 

Makes  circulation  positive  and  steaming  rapid.  Perfect  flexi- 
bility in  operation. 

Has  been  accepted  by  large  power  users  as  a  standard  in  de- 
sign and  workmanship. 

Sizes  to  3,000  HP.— Pressures  to  500  lbs. 

Our  catalog  which  goes  into  detail 
may     be     had     for     the     asking. 

SPRINGFIELD  BOILER  CO.,  Springfield,  III. 


ChloBSO 
New  York 
Boston 


Philadelphia 

Pittsburgh 

Ricbmond 


OFFICES; 

Buffalo 
Detroit 
Duluth 


Minneapolis 
Kansas  City 
Denver 


San   Francisco 

Cleveland 

Cincinnati 
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Where  the  Quality  Product  is  Made 
Standard  Practice  Calls  for  Kellogg  Annealing  Pots 

No  Air  Leaks. 

With  a  cast  pot — of  whatever  material  made — a  concealed  blow  hole  is  apt 
to  develop  at  any  time.  And,  in  accordance  with  the  usual  perversity  of  in- 
animate objects,  the  leak  almost  invariably  develops  when  you  are  running 
a  heat  on  watch  springs,  fine  wire  or  something  that  means  real  money — 
and  the  entire  batch  must  be  reworked  from  start  to  finish. 

But— 

The  close-grained  structure  of  the  Kellogg  Annealing  Pot,  Forge  Welded 
from  special  plate  steel,  absolutely  defies  air  leakage,  while  the  annealing 
furnace  itself  cannot  find  the  difference  between  the  weld  and  the  original 
plate. 

They  cannot  crack.  They  cannot  leak.  They  are  built  for  the  manufac- 
ture of  the  quality  product. 

Ask  us  what  we  mean  by  "1  to  4  cost  ratio." 

^ieM  WKellogg  6 

90WestSt  NewYorRCfts 
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The  picture 
proves  it 


Here's  a 
rod  packing 
that  packs 
only  when 
it  ought  to 


The  pencil  represents  pressure  tending 
to  escape  from  a  stuffing  box.  Only 
when  pressure  is  exerted,  is  the  lip  of 
a   Sea   King  forced    against  the   rod. 


How  Sea  Rings  work 

The  reason  the  Sea  Ring  packs 
only  when  it  ought  to  and  whenever 
it  ought  to,  is  because  its  design  pro- 
vides for  a  hollow  space  where  pres- 
sure may  accumulate  and  act  on  a 
flexible  lip  that  lies  against  the  rod. 

When  there  is  no  tendency  of  leak- 
age through  the  stuffing  box,  this  lip 
is  not  pressed  against  the  rod. 

Tendency  of  leakage  or  pressure, 


however,  forces  it  against  the  rod. 
And  note  this — the  grip  on  the  rod 
is  in  proportion  to  the  pressure,  with 
never  any  more  force  than  is  necessary. 
The  automatic  action  of  the  Sea 
Ring  checks  power  loss,  spares  rods, 
lengthens  the  life  of  packing  and 
eliminates  wasteful  friction. 

JOHNS-MANVILLE  Inc. 

Madison  Avenue  at  41st  Street,  New  York  City 

Branchit  in  SO  Lar^e  Ctlitt 

For  Canada; 

CANADIAN  JOHNS-MANVILLE  CO..  Lid.   Toronto 


Perfectly  simple— simply  perfect 

Simplicity  is  the  keynote  of  the  Johns- 
Manville  Steam  Trap.  It  works  because  it 
has  nothing  to  get  out  of  order.  A  hollow 
copper  ball  is  the  only  luoving  part.  As 
water  flows  into  the  trap,  the  ball  rolls  up, 
exposing  the  outlet — and  so  water  and  air  are 
discharged.  For  sure  action,  count  on  this 
Steam  Trap. 


AA«tos7J0HNS-MANVnlE 

and  Hi  allied  produots  /  ^^^^ 


INSULATION 

BRAKE  UNINGS 

ROOFINGS 

PACKINGS 


Power  Plant  Materials 


CEMENTS 

FIRE 

PREVENTION 

PRODUCTS 
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Diamond  Valv-In-Head 
Soot  Blowers 
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WITH  Diamond  Valv-in-Head  soot 
blowers  the  number  of  manual 
operations  is  very  greatly  reduced 
and  opportunity  for  errors  in  those  per- 
formed is  extremely  limited. 

Proper  Speed  of  Rotation  Assured:  Boilers 
are  only  effectively  cleaned  when  the 
steam  jets  play  on  the  tubes  for  a  pre- 
determined period  of  time.  With  the 
Diamond  Valv-in-Head  soot  blower  the 
reduction  ^ear  so  regulates  the  speed  of 
the  blower  element  that  all  tubes  are 
equally  and  thoroughly  cleaned. 

Ease  of  Operation:  The  unit  is  full  floating, 
eliminating  any  possible  binding  and  stick- 
ing. A  ball  thrust  bearing  assures  easy 
rotation  under  all  steam  pressures.  As  the 
blower  element  turns  readily  with  a  slight 
pull  on  the  chain,  efficient  regular  oper- 
ation is  a  matter  of  course. 

As  with  previous  mechanical  soot  blowers 
the  use  of  the  Diamond  Valv-in-Head 
effects  a  saving  of  four  to  eight  per  cent 
fuel.  As  compared  to  previous  mechan- 
ical soot  blowers  the  Diamond  Valv-in- 
Head  possesses  the  following  distinct 
advantages: 

1.  Labor  for  Operation — A  saving  of 
approximately  fifty  per  cent. 

2.  Steam  for  Operation — A  saving  of 
fifty  to  sixty  per  cent,  or  more. 

3.  Pipe,  Val'ves  and  Fittings — A  saving 
of  fifty  to  sixty-six  per  cent  in  cost  of 
pipe,  valves  and  fitting.s. 

Remember  that  Diamond  blower  elements 
used  in  the  hot  passes  of  water  tube 
boilers  are  CALORIZED. 

One  of  the  most  interesting  publications  in 
the  power  plant  field  is  the  bulletin  describ- 
ing Diamond  Valv-in-Head  soot  blowers. 

To  secure  your  copy  ask  for  Bulletin  257 

Diamond  Power   Specialty 
Corporation 

Detroit,  Michigan,  U.  S.  A. 


Eliminate  the  Human  Factor 
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Steadier  and  accurately  measured  blast  gives  better  condi- 
tions in  the  blast  furnace,  which  leads  to  increased  output 
and  improved  quality 


For  most  efficient  service  use  G-E 
Centrifugal  Blast  Furnace  Blowers 

The  G-E  blower  pictured  above  provides  air  for  a 
600  ton  furnace,  and  offers  a  method  of  attaining 
better  furnace  conditions  which  is  attended  with 
lower  first  cost  and  lower  operating  cost  as  compared 
with  the  apparatus  it  displaces. 

A  further  advantage  consists  in  providing  an 
accurate  measurement  of  flow  of  air  into  the  fur- 
nace as  contrasted  with  the  inaccuracies  of  estima- 
tion by  displacement. 

Uniform  furnace  conditions  are  maintained  by 
virtue  of  the  accurate  constant  volume  governor 
shown  in  the  illustration  at  the  left  and  its  volume 
corrector,  an  enlarged  picture  of  which  is  in  the  circle 
just  above  the  governor. 

G-E  Centrifugal  Blowers  operate  with  less  atten- 
tion and  are  more  flexible  in  service  than  any  other 
form  of  blowing  apparatus  for  blast  furnaces. 
Further  details  may  be  obtained  from  the  nearest 
G-E  office. 


General  Office 
Schenectady;  N.Y. 


Sales  Offices  in 

all  large  cities   43B^i6 
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Voltage-drop  Control 

Improves  DC  Motor  Drives 


Voltage-drop  Relay 


Interchangeability 

The  Voltage-drop  Relays, 
complete  with  coils,  are 
identical  for  any  line  volt- 
age— independent  of  the  size 
of  the  motor. 

It  is  a  simple  matter  to  ad- 
just these  relays  on  the 
panels  or  in  the  shop  for  any 
motor  in  the  mill  for  which 
the  number  of  accelerating- 
contactors  is  known. 
On  any  control  panel  the 
line-contactors  and  acceler- 
ating-contactors, complete 
with  coils,  are  identical  and 
are  therefore  interchange- 
able. 


Gen 

General  Office 
Schenectady;  N.Y 


The  operation  of  motors  driv- 
ing Steel  Mill  Auxiliaries  and 
Crane  Equipments  has  been 
bettered  unquestionably  by 
the  System  of  Voltage-drop 
Control  developed  by  the  Gen- 
eral Electric  Company.  Instal- 
lations of  this  equipment  (one 
of  which  is  shown  above)  in  the 
most  exacting serviceonScrew- 
Downs,  Approach -Tables, 
Coal  and  Ore  Bridges,  etc., 
have  proved  their  remarkable 
efficiency  and  reliability  to  the 
complete  satisfaction  of  their 
users. 

G-E  Voltage-drop  System  of 
Control    provides     combined 
Ask  the  nearest  G-E  Sales 


current-limit  and  time-limit 
acceleration — which  permits 
the  high  current  peaks  neces- 
sary for  acceleratin  g  a  heavy 
load,  but  automatically  limits 
them  to  much  lower  values 
when  the  load  is  light. 

G-E  Voltage-drop  Controllers 
employ  only  parts  that  are  ex- 
tra strong,  m.echanically  and 
electrically.  All  parts  are  easily 
accessible,  and  a  great  many 
are  interchangeable.  The  cur- 
rent-limiting apparatus  is  sep- 
arate from  the  contactors  and 
operates  on  voltage  instead  of 
current. 
Office  for  complete  details 


ctric 


Company 


Sales  Offices  in 
all  large  cities 
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ro/>  D/fi£cr-co/\/NecT£0  machines 

All  Metal         Any  Size         Any  Power 
Any  Service 


"  To  make  good  machines 
last  longer" 


New  Fractional  H.  P.  Type 


Small,  inexpensive 
generators,  fans, 
magneto  and  pump  drives,  etc 


sizes   only    for 
pumps,    sewing 


iinall   motor   driven 
machines,    and     for 


Light  Duty  Type  (1921)  and 
Heavy  Pattern  Type  (1912) 


In    capacities     from    II},    11. R    per     100    R.PM. 
shafts    y."   dia.   up   to   3200   H.P.   per    100   R.P.M. 
shafts  up  to  13'/i"  diameter. 


1     I    RK3IP   C<7UPLIN<3S     I 

.]    UUUiiUiili^ 


fOP  L/N£  SfiAfT/NC 


'Pinned  Tight"— These  two  words  tell  the  grip  of 
a  PIMTITE  on  the  shafts  which  it  connects— a 
grip  that  no  service  chain  can  break. 

Install  with  the  shaft  ends  together  within  the 
bore  of  the  sleeve  and  simply  drive  the  cup- 
ended  pins  home  with  a  hammer. 


and 
and 


Constructed 
and  rcvcrs 


eVERYKEY  SIZES  ANO  FITS  ITS  OWN  SEAT 
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J'*or  all   usual  direct  connected  drives   where  a   flexible 
coupling   should   be   used   to  provide    for   the   errors   in 
shaft  alignment.     Each  "FR.\NCKE"  also  provides  an 
easy  means  to  line  up  the  connected  shafts,  it  cushions 
load  shocks  and  vibrations,  and  it  acts  as  a  safety  de- 
vice   in    case    excessive    misalignment    results    from    an 
operating  accident. 


Double,  Floating  Ring  Type  (1914) 

Recommended  for  continuous  process  drives  and  where 
excessive  misalignment   is  expected. 

Has    been    built    and    used    successfully    on    drives    in 
capacities    up    to    8000    H.P.    per    100  'R.P.M.    and    for 
shafts  up  to  18%"  diameter. 


Marine  Type  (1912) 


Each  cup-ended,  hardened  steel 

pin   cuts   its   own    seat   in   the 

shaft— a  kevway  deep  enough 

to  hold  inflexibly  but  not  deep 

enough  to  weaken  the  shaft. 

To  remove— Drive  pins  out 
backwards,   using  a   round 
end    drift.      Turn    coup- 
ling   on    shafts,    then 
drive    it    off    shafts    and 
use   again   in   a   new   or 
same    location. 


.'\  n  V 

A, 


to 


Since 
1917 


with  a  center  bolt   to  transmit   the   thrust 
pull   from  the  propeller  shaft.     Small  sizes. 


New  High  Speed  Type 

Now  being  developed  and  offered  for  high  speed  motor 
and  turbine  driven  herringbone  gear  units,  etc. 


\   properly    sized   all-metal    "FR.ANCKE''   lasts   longer 
and   provides  proper  flexibility.     Is  your  name  on   our 
mailing  list? 


Smith  e  Serrell 

'^^upling  Specialists  Since  1912  . 

34  Central  Ave.,  Newark,  N.  J. 


0 


^ 


Tlie  Blasf  Puii^^Sf  eel  Plant 

Managing  Editur:     ELMER  C.  COOK 

Engineering  EJitor :     FEED   J.   CROIilUS 

ISDITOKIAL  ADVISORY  BOARD: 

W.  TRINKS  BARTON  E.  SHOVER  KENNETH  B.   LEWIS 

THEODORE   S.   SEE  FRED   CRABTHEE  F.  E.  KLINfi 

DR.  J.  S.  UNGER  E.  H.  McCLELLAND  DONALD   N.   WATKINS 

CONTENTS 

VOL.  X  DECEMBER,   1922  No.   12 

Page 

.MILLS  BliLT   FOR   ROLLING   NII'KKL.IND    .MONEL UOJ 

THE  ILVNUFACTURE  O  FI.VE  FuRGING  STEELS-  B.v  Lnrr.v  .1.  Bnrton ClL' 

BY-I'RODfCT  COKE  OVEN  OPERATION  "10  '   ITSHING  SERIES— By  .\.  Coe «1U 

SHEET  STEEL  PLANT  IN  ASHTABULA  COMPLETED— B.v  Fri'd  .1.  Crolius ti:;^ 

THE  THERMAL  EFFICIENCY  AND  HEAT  BALANCE  OF  AN  OPEN  HEARTH  FURNACE— 

B.v  C.  L.  Kiuue.v,  Jr.,  and  G.  R.  MoDermott filii) 

REMOVAL  OF  SOLID  AND  LIQUID  PAI!TirLi:s  FI!OM  G.VSES— B.v  A.  F.  Ne.shit G37 

AN    INVESTIGATION   AND    DISCIISSION    OF    SLAG    FtlRMATION    ON    BOILER    TUBES— 

B.v    Harr.v   II.   Bates (i-42 

BOILER   FEED   WATER— AS   IT  UU(iHT  TO   BE -ZERO   SOFT -B.v   Ernest    Rowe (i4T 

WITH    THE    EIJUIPME-NT    MANUFACTURERS 649 

NEW'S  OF  THE   PLANTS 650 

THE  OPEN   HEARTH 651-652 

SOME   POINTERS  ON   BY-PRODI'CT   COKE   OVEN    OPERATIONS 653 

TRADE    PUBLICATIONS,    TRADE    NOTES 654 

Published  the  first  of  each  month  by  The  Andresen  Company  Inc. 
Main  Office— Thaw  Building,  108  Smithfield  Street,  Pittsburgh,  Pa. 

President:      F.    C.    ANDRESEN  Vice    President:      L.    L.    CAKSON  Secretary    and    Treasurer:      N.   G.    EYSTER 

BniDch   Managers 

ROBERT    E.    POWELL,    En<!tern    .Mgr.     .TOHN   L.  COBB,   Western   Manager  BURNHAM   FINNEY 

47   West   Thrity-fourth    Street  1635   Lyttou   Building  501    Union    Central    Building 

New   Y'nrli.    N.    Y.  Chicago,    111.  Cincinnati,   Ohio 

Subscriplion   Price: — In   the  United  States.  $2  per  year;  Canada,    $2.-50 ;     all    other    countries.    Z.^.      Single    Copy,    25 
cents.     Entered   as   second-class   mail   matter   at   Pittsburgh,  Pa.,  under  the  Act  of  Congress,  March  ,3,  1879. 


45 


46 


i-biasir, 


iirnaco^jfcc'l  rmir 


Co-operate:— Refer  to  The  Blast  Furnaee  and  Steel  Plant 


ili||||iiiliiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiii[iiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiniiiiii:iiiiiiiii!iiNiiiitiiiiiiiiiiu^ 


Ine  umsi  nimace^ 


jieel  r  lani 


^.iiiiiiiiiiiiiMiiiiiiiiiiiiiiiiii!:iiiiiiuiii:iiiiiii!iaiiiiiniiiiiiiiii::iiiiiiiiiiiiiiiiiiiiiiiniiii!!iiiiii!ii!iiiiiiiiiiiiiiii:iiiiiii!iiiiiiiii:iiiin 


\'ol.    X 


PITTSBURGH,   PA.,   DF.CEiMBF.R,    1922 


Ni 


Mills  Built  for  Rolling  Nickel  and  Monel 

Brief  Descrif)tion  of  the  Refining  Process  and  of  the  New  Rolling 
Mills  at  Huntington,  W.  Va. — Physical  Properties  of  Monel  Metal. 


THE  engineering  profession,  and  the  steel  industry 
both  owe  a  debt  of  untold  proportions  to  nickel. 
In  its  many  forms,  pure  and  in  allo3's,  it  has  made 
simple,  many  problems   otherwise   difficult  or   impos- 


sible of  solution.     Today,  nickel  is  a  definite  necessity. 
So  universal  has  its  use  become  that  an  entire  in- 
dustry has  developed  to  keep  pace  with  the  demands 
for  its  production.     As   investigation   after   investiga- 


Fig.  1 — An  aeroplane  view  of  the  new  rolling  mill  plant.  In  the  foreground  is  shown  a  bend  of  the  Guyandotte  River,  tributary 
to  the  Ohio.  The  group  of  parallel  buildings  in  the  main  foreground  constitute  the  calcining  department  in  which  the 
monel  matter  is  converted  into  metal.  At  right  angles  to  the  calcining  buildings  is  shown  the  rolling  mill  building.  The 
main  line  of  the  Chesapeake  &  Ohio  Railroad  is  shown  in  the  background. 
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Fig.  2 — The  24-111.  nieichaiit  mill  in  which  the  billets  of  monel  metal  are  reduced  to  sheet  bars.  The  entire  mill  is  con- 
trolled electrically  by  one  man  standing  in  the  pulpit  shown  in  the  background.  The  heated  billets  are  delivered 
by  an  electric  charging  machine  from  gas-fired  furnaces  which  do  not  appear  in  the  photograph.  In  the  back- 
ground at  the  right  is  shown  the  special  electrical  control  for  both  the  merchant  mil!  and  the  rod  mill,  part  of 
which  appears  in  the  right-hand  background  of  the  photograph. 


tion  has  disclosed  new  and  broader  applications  for 
nickel  and  its  combinations  particularly  monel  metal, 
greater  and  greater  facilities  have  arisen  for  its  pro- 
duction and  manufacture.  The  latest  chapter  in  the 
romance,  begun  in  1884,  when  the  copper  nickel  de- 
posit near  Sudbury,  Ontario,  was  discovered  in  the 
construction  of  the  Canadian  Pacific  Railroad  through 
that  province,  opens  with  the  completion  and  actual 
operation  of  the  group  of  rolling  mills  at  Huntington, 
West  Virginia.  These  mills,  completely  modern,  the 
last  word  in  rolling  mill  practice,  complete  the  sequence 
of  operations  by  which  the  International  Nickel  Com- 
pany, from  the  ore  in  the  mine  to  the  finished  sheet  or 
rod  or  wire,  are  enabled  to  deliver  the  product  made 
entirely  under  their  own  supervision,  and  in  their  own 
plants. 

Both  malleable  nickel  and  monel  metal  are  nmv 
under  production..  Many  difficulties  had  been  en- 
countered, for  rolling  steel  is  one  thing  and  rolling 
nickel  or  monel  is  another ;  what  seemed  an  entirely 
similar  operation,  differs  widely  in  important  details, 


and  men  trained  in  steel  mill  practice  had  to  re-adapi 
their  experience  to  monel  practice.  That  can  best  be 
done  in  a  plant  designed  for  the  purpose,  as  experience 
has  shown. 

The  plant  is  located  at  Huntington,  W.  Va.  This 
site  was  selected  after  a  very  careful  investigation  of 
the  many  advantages  claimed  for  various  industrial 
centers.  Huntington  combines  the  many  basic  fac- 
tors, which  experience  has  shown  are  necessary  for 
monel  and  nickel  sheet  production.  Intelligent  labor 
has  provided  excellent  home  environment  Adequate 
electric  power  is  supplied  by  the  Virginia  Power  Com- 
pany, over  high  tension  transmission  lines  from  its 
main  generating  station  about  60  miles  distant.  Con- 
tiguous high-quality  coal  and  natural  gas,  both  essen- 
tial to  the  heavy  heating  requirements  throughout  the 
processes  are  furnished  over  unexcelled  transportation 
facilities,  offered  by  the  Ohio  River  by  water,  and  the 
main  lines  of  the  Chesapeake  &  Ohio  and  the  Baltimore 
&  Ohio  Railroads,  while  natural  gas  is  adequately  sup- 
plied from  local  fields. 
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Fig.  1  shows  an  aeroplane  view  of  the  plant  and 
its  location.  Some  80  acres,  about  3y^  miles  south  of 
the  city,  directly  adjoining  the  C.  &  O.  main  line  tracks, 
are  occupied.  The  mills  are  really  divided  into  two 
parts.  The  calcining  department  is  located  in  the  fore- 
ground in  which  the  monel  or  nickel  matte  is  con- 
verted into  metal,  and  the  sheet  mill  at  right  angles  to 
it,  where  are  located  the  rolling  mills,  the  heating  fur- 
naces, annealing  furnaces,  shears,  etc. 

Monel  metal  and  nickel  are  so  often  spoken  of  in 
such  general  terms  thai  a  brief  glance  at  the  complete 
process,  or  chain  of  processes  may  be  interesting.  The 
ore,  stop-mined  at  present  depths  of  approximately 
1,200  ft.,  consists  of  pyrhotite,  with  chalcopyrite  and 
pentlandite,  together  with  a  basic  gangue  material. 
These  sulphide  ores  are  roasted  to  reduce  the  sulphur 
to  a  working  average,  then  smelted  in  a  blast  furnace 
to  a  matte  containing  approximatel}'  24  per  cent  nickel, 
plus  copper,  45  per  cent  iron  and  the  balance  sulphur. 
This  matte  is  then  blown  in  a  converter,  similar  to  the 
familiar  Bessemer  steel  operation,  to  a  matte  contain- 
ing essentially  nickel,  copper  and  sulphur,  which  is 
ready  for  refining. 

This  Bessemer  matte,  which  carries  approximately 
55  per  cent  nickel  and  24  per  cent  copper  is  refined  by 
the  Orford  process,  which  is  the  oldest  process  for  the 
separation  of  copper  and  nickel  The  Bessemer  matte 
is  melted  with  salt  cake,  or  niter  cake,  together  with 
coke,  in  the  blast  furnace.  The  sodium  sulphide  formed 
by  the  reduction  of  the  sodium  sulphate  by  the  coke, 
together  with   the  copper   sulphide,   forms  a   matte  ot 


low  specific  gravity.  The  product  of  the  blast  furnace 
is  allowed  to  cool  in  pots,  in  which  a  separation  oc- 
curs, the  upper  portion  or  "tops"  containing  the  great- 
er part  of  the  copper  sulphide  together  with  the  sodium 
sulphide,  the  lower  portion  or  "bottoms"  containing 
the  greater  part  of  the  nickel  sulphide.  The  "tops"  and 
"bottoms"  are  readily  split  apart  when  cold.  Several 
treatments  are  required  to  effect  a  sufficiently  complete 
separation.  The  "tops"  go  to  the  copper  cupola  and 
converter,  where  they  are  blown  to  blister  copper. 
The  "bottoms,"  consisting,  essentially,  of  nickel  sul- 
phide or  matte,  are  roasted  and  leached  alternately  un- 
til they  have  been  completely  changed  to  nickel  oxide. 
This  is  reduced  with  charcoal  in  crucibles  or  reverber- 
atory  furnaces  to  metallic  nickel  at  a  temperature 
above  its  melting  point,  so  that  the  resulting  product 
may  be  cast  into  pigs.  The  waste  heat  from  the  lat- 
ter battery  of  furnaces  is  utilized  to  fire  large  boilers 
which  will  supply  the  ordinary  steam  requirements 
of  the  four  large  hammers.  As  a  standby  for  the  latter, 
natural  gas  fired  boilers  are  installed  in  the  hammer 
shop. 

From  the  reverberatory  furnaces  the  metal  in  the 
form  of  pigs  goes  to  the  electric  furnaces  where  it 
is  remelted  and  cast  in  the  form  of  ingots,  or  blocks, 
or  poured  into  water  to  form  shot.  Electrolytic  nickel 
is  also  produced  by  casting  this  reduced  metal  at  once 
into  anodes  and  obtaining  pure  nickel  cathodes  from 
them  by  electrolysis  with  an  electrolyte  of  nickel  sul- 
phate. 

The  equipment  in  this  department  consists  of  one 


Fig.  3 — Battery  of  surface  combustion  annealing  furnaces  for  monel  metal  sheets,  forming  an  important  part  of  the  sheet 
mill  equipment  of  the  new  rolling  mills  at  Huntington,  W.  Va.  Like  all  of  the  other  furnaces  in  the  new  mills, 
these  are  fired  by  natural  gas.  The  laige  sheets  are  placed  in  cast  iron  boxes,  sealed  against  the  air,  similar  to  the 
process  of  sheet  steel  annealing.  One  of  these  boxes  with  its  load  of  monel  metal  sheets  weighs  30  tons.  They 
are  inserted  and  withdrawn  from  the  furnace  by  a  special  electric  charging  machine,  part  of  which  appears  in  the 
foreground  of  the  photograph. 
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3-ton  Moore  electric  furnace  and  one  7-ton  Heroult 
electric  furnace,  so  that  its  present  capacity  is  in  ex- 
cess of  that  of  the  remaining  cle])artnients  as  at  present 
equipped,  while  provision  has  also  been  made  for  the 
installation  of  further  electric  furnace  units  as  required. 
So  far  as  reiininjr  in  electric  furnaces  and  ingot  casting 
are  concerned,  tlic  handling  of  monel  metal  in  this  de- 
partment does  ni)t  difl'er  materially  from  the  usual 
steel  mill  practice. 

Number  of  Special  Operations. 

In  the  next  step  in  its  reduction  to  commercial  form, 
a  luunher  of  operations  arc  involved  that  are  entirely 
lacking  in  steel  processing.  In  the  case  of  steel,  the 
ingot  goes  directly  to  the  soaking  pit,  the  time  required 
for  this  part  of  the  process  is  short  and  involves  little 
additional  expense  as  compared  with  the  time  and  pro- 
cesses through  which  the  monel  metal  ingots  must  go 
after  leaving  the  ingot  mold  and  before  they  can  be 
delivered  to  the  rolling  mill.  Steel  is  a  metal  very  sus- 
ceptible to  oxidation  and  surface  defects  on  the  ingots 
are  automatically  removed  by  the  heating  and  rolling 
processes  in  which  the  oxidation  scales  off,  leaving 
clean  metal.  Monel  metal,  on  the  other  hand,  is  highly 
resistant  to  oxidation  so  that  it  is  necessarj'  to  remove 
the  outer  skin  of  the  ingot  completely  with  its  accom- 
[)anying  surface  defects  before  proceeding  to  the  heat- 
ing and  rolling. 

Consisting  chiefly  of  nickel  and  copper  as  it  does, 
the  metallurgy  of  monel  metal  is  radically  different 
from  that  of  steel  so  that  its  successful  production  is 
naturall\'  a  higlily  specialized  undertaking  which  can 


only  be  carried  out  by  skilled  men  exjierienced  in  its 
handling.  In  the  course  of  manufacture  up  to  this 
point,  certain  defects,  or  oxides,  are  allowed  to  re- 
main in  the  ingot.  These  oxides  do  not  combine 
chemically  with  the  metal  but  ap])ear  on  or  close  to 
the  surface  of  the  ingot  as  physical  defects.  These 
defects,  however,  must  be  removed  before  the  metal 
can  undergo  any  further  processes. 

The  ingots  are  accordingly  taken  to  milling  ma- 
chines where  a  heavy  cut  is  taken  off  each  side.  As 
an  extra  precaution  to  insure  satisfactory  quality  the 
milled  ingots  arc  examined  and  au)^  defects  remain- 
ing arc  chipped  out  with  pneumatic  hammers. 

Equipment  Provided  on  a  Liberal  Scale. 

After  the  chipping  processes  the  ingots  go  back  to 
another  battery  of  furnaces  in  the  hammer  depart- 
ment, where  they  are  cogged  down  to  bloom  size.  The 
steam  hammers  em])loyed  in  this  department  range 
from  eight  ton  capacity  down  to  1,500  pounds,  so  that 
ample  provision  is  at  hand  for  the  making  of  special 
forgings  of  monel  metal  or  nickel,  in  addition  to  the 
usual  production  of  monel  metal  blooms  for  the  rolling 
mill  itself. 

After  heating  in  the  battery  of  furnaces  in  the  roll- 
ing mill  department  itself,  these  billets  go  to  the  24- 
inch  merchant  mill  for  conversion  into  sheet  bars, 
or  to  the  rod  mill.  So  far  as  the  actual  handling  of 
monel  metal  is  concerned,  either  in  the  merchant  or 
the  rod  mill,  or  in  its  subsequent  reduction  in  the 
sheet  mills  in  another  unit,  there  is  no  apparent  dif- 
ference between  its  production  and  that  of  steel.    W'ith 


Fig-  4 — View  of  the  hammer  shop  and  its  batteries  of  Stevens  regenerative  gas  fired  furnaces.  The  four  hammers  range 
from  1500  pounds  capacity  in  the  foreground  to  the  8-ton  hammer  at  the  end  of  the  line.  In  the  latter  the  monel 
metal  ingots  are  cogged  or  reduced  from  ingots  to  blooms. 
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Fig.  5 — The  control  house  for  the  merchant  and  the  rod  mills,  showing  in  the  background  part  of  the  electric  drive 
for  the  24-in.  merchant  mill  and  in  the  foreground  the  special  form  of  drive  designed  by  General  Electric  and 
Westinghouse  engineers  for  the  rod  mill.  A  rod  mil!  consists  of  a  series  of  units  tapering  down  from  the 
largest  to  the  smallest  and  the  speed  of  each  unit  must  vary  in  accordance  to  the  size  of  the  rod  it  rolls. 


a  metal  consisting  chiefly  of  nickel  and  copper  the 
greatest  problems  are  naturally  involved  in  the  heat- 
ing of  it  and  this  is  equally  true  in  every  step  of  the 
process  from  the  calcining  furnace  to  the  final  anneal- 
ing processes. 

Some  Features  of  the  Sheet  Mill. 

The  bars  from  the  merchant  mill  go  to  the  sheet 
mill  which  is  a  most  complete,  specially  designed 
plant  for  the  production  of  monel  metal  sheets  and 
which  will  do  more  to  overcome  the  difficulties  in 
providing  an  adequate  supply  of  monel  metal  sheets 
than  has  been  possible  up  to  this  time,  since  a  very 
large  part  of  the  production  difficulties  have  had  to 
do  with  the  rolling  of  sheets.  In  this  department,  as 
is  also  true  of  all  of  the  others,  while  eqtiipment  has 
already  been  installed  with  a  capacity  far  in  excess 
of  the  actual  requirements,  ample  provision  has  also 
been  allowed  for  expansion  and  the  installation  of 
additional  units  whenever  required,  so  that  with  an 
ample  supply  of  high  grade  metal  direct  from  its  own 
furnaces  and  rolling  mills,  the  International  Nickel 
Company  will  be  in  a  position  to  maintain  adequate 
stock  of  all  sizes  and  gauges  of  monel  metal  sheets 
at  the  warehouses  of  various  distributors  in  differ- 
ent parts  of  the  country  from  now  on. 

Grinding  machinery  has  been  installed  to  make  ii 
possible  to  deliver  monel  metal  and  nickel  sheets 
ground  to  a  good  surface  so  that  a  wide  range  of  arti- 
cles may  be  produced  from  these  sheets  with  the 
minimum  amount  of  buffing  in  the  finished  form. 

.'^o  far  as  a  detailed  description  of  the  buildings  and 
equijiment  is  concerned,  probably  a  very  much  bet- 
ter idea  of  this  can  be  obtained  from  the  photographs 
and   will   likewise  be   found  considerablv  more  inter- 


esting. It  will  be  noted  throughout  that  electric  unit 
drive  is  employed  on  every  machine  and  that  the  con- 
trols for  the  large  rolling  mill  units  are  protected  fjy 
special  compartments,  or  houses,  raised  several  feet 
above  the  floors  or  rolling  mill  itself.  Numerous  ad- 
vances over  current  rolling  mill  practice  have  been 
incorporated  in  these  control  units,  this  being  true  in 
particular  of  one  control  of  the  rod  mill  in  which  the 
speed  varies  from  450  to  100  rpm. 

The  series  of  tinits  comprising  the  rod  mill  is 
driven  by  a  400-hp.,  a.c.  motor  and  a  smaller  d.c.  inotor. 
both  of  which  work  in  conjunction  with  a  highly  spe- 
cialized control  system  to  give  the  great  range  of 
speed  required.  The  necessary  controls  are  installed 
in  a  small  brick  house  as  will  be  noted  in  several  of 
the  accompanying  photographs,  ^^'hile  these  pictures 
show  the  mills  in  a  more  or  less  unfinished  condition 
before  prodtiction  operations  had  actually  been  un- 
dertaken, they  serve  to  give  a  very  good  idea  of  its  size, 
completeness  and  ultimate  capacity.  It  will  be  noted 
that  in  every  department  ample  provision  has  been 
made  for  expansion  by  the  addition  of  extra  units, 
although  as  stated  previously,  with  the  equipment  al- 
ready installed  and  now  in  operation,  the  capacity  far 
exceeds  the  present  requirements,  ^^'hile  the  demand 
h^s  showed  a  very  marked  increase  since  the  beginning 
of  the  year,  the  capacity  of  the  new  mills  at  Hunting- 
ton will  be  sufficient  to  meet  all  calls  for  sheets  and 
rods  as  well  as  forging  and  special  work,  and  at  the 
same  time  permit  of  local  stock  in  the  warehouses  of 
distributors. 

Completely  Equipped  Laboratories. 

^^'ith  a  natural  alloy  of  such  unusual  and  distinc- 
tive physical  properties  as  monel  metal,  it  goes  with- 
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Fig.  6 — View  of  the  sheet  mill  looking  toward  the  north  end.  The  battery  of  heating  furnaces  for  the  sheet  bars  is 
located  at  the  left  and  does  not  appear  in  the  photograph,  while  the  annealing  furnaces  shown  in  a  previous 
photograph  are  further  back  on  the  same  side  of  the  building.  The  second  unit  of  the  sheet  mill  appears  in 
the  background,  but  it  is  difficult  to  give  any  idea  of  the  extent  of  the  equipment  of  a  single  building  of  this 
size  in  a  photograph. 


out  saying  that  the  most  important  units  at  the  new 
mills  are  the  laboratories.  They  are  permanently 
housed  in  a  building-  specially  planned  for  this  pur- 
pose and  completely  equipped  for  carrying  out  chemi- 
cal and  physical  tests  of  every  nature.  Both  in  the 
reduction  of  the  matte  to  monel  metal  in  a  great  num- 
ber of  commercial  forms  and  in  its  application  in  a  wide 
variety  of  manufacturing  processes,  problems  are  con- 
stantly arising.  The  staff  of  the  laboratories  at  the 
Huntington  mills  is  at  the  service  of  manufacturers  in 
sohing  these  problems,  as  is  also  that  of  the  research 
department  of  the  International  Nickel  Company.     In 


Fig.  7 — Completely  equipped  chemical  and  physical  labora- 
tories which  form  a  very  important  part  of  the  new  roll- 
ing mills  of  the  International  Nickel  Company  at  Hunt- 
ington, W.  Va. 

the  coiu'se  of  more  than  15  years'  work  of  this  nature, 
a  vast  amount  of  data  has  been  accumulated  so  thai 
frequently  what  appears  to  be  a  difficult  problem  to  a 
manufacturer  is  already  a  matter  of  actual  experience. 
The  benefits  of  this  experience  are  at  your  disposal. 

Range  of  Products 

Both  monel  metal  and  nickel  will  be  produced  at 


the  new  Huntington  mills  in  the  form  of  rods  from 
7/32-in.  up  to  12-in.  round,  square  or  hexagonal  and 
in  sheets  from  .018  to  34-in.  These  sheets  will  be  rolled 
in  all  sizes  commonly  supplied  in  sheet  steel  Special 
forgings  in  either  monel  metal  or  nickel  can  also  be 
furnished. 

Personnel  of  the  Organization. 

For  years  the  Nickel  Company  has  been  gatiiering 
together  a  technical  operating  organization  capable  of 
visualizing  the  magnitude  and  importance  of  the  many 
problems  and  possibilities  of  this  specialized  industry. 
The  steel  industry  furnished  many.  Ambrose  Monel, 
whose  name  indicates  the  conception  that  nickel  and 
copper  would  be  refined  (without  separation)  into  an 
alloy  of  tremendous  value,  went  from  Homestead  Steel 
as  did  Bostwick  and  others. 

Today  the  organization  headed  by  Mr.  Robert  C. 
Stanley,  a  veteran  in  the  company,  of  whom  it  is  said, 
no  other  man  ever  held  a  like  number  of  positions 
from  the  bottom  up,  is  keenly  alert  to  every  develop- 
ment that  definite  research  into  each  industrial  avenue 
brings  to  light. 

The  Research  Departments  are  under  the  direction 
of  Mr.  A.  J.  \\'adhams,  assisted  by  Dr.  Paul  D.  Merica, 
formerly  of  the  U.  S.  Bureau  of  Standards,  working  in 
conjunction  with  Dr.  J.  F.  Thompson,  head  of  the  Tech- 
nical Department.  Dr.  Thompson  has  devoted  many 
years  to  the  study  of  nickel  alloys  and  his  papers  before 
engineering  societies  and  published  articles  on  kindred 
subjects  are  well  known.  In  addition,  the  Sales  and 
Publicity  Departments,  headed  by  Mr.  J.  F.  McNa- 
mara,  with  his  corps  of  investigating  specialists,  are 
constanth'  solving  the  problems  of  manufactures  of 
innumerable  products,  where  the  special  virtue  of 
nickel  and  monel  offer  an  application. 

Backed  by  such  an  organization,  it  is  not  surprising 
that  Mr.  A.  S.  Shoffstall,  General  Manager  of  the  Hunt- 
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intgon  mills,  and  Mr.  H.  M.  Brown,  the  Mechanical 
Engineer,  look  forward  to  uninterrupted  production 
records,  that  will  fully  keep  pace  with  the  anticipated 
revival  of  the  steel  and  metal  working  industries. 

The  physical  properties  of  monel  may  be  of  refer- 
ence value. 

PHYSICAL  PROPERTIES  OF  MONEL  METAL 

Melting-  Point   1360°  C.  (2480°  F. ) 

Specific    Gravity    (Cast) 8.87 

Weight  Per  Cu.  In.  (Cast) 0.320  Lbs. 

Weight  Per  Cu.   In.    (Rolled) 0.323  Lbs. 

Coefficient  of  Expansion: 

(   25°  C— 100°   C) 0.000014  Per  1°  C. 

(  25°  C— 300°  C) 0.000015  Per  1°  C. 

(300°  C— 600°  C) 0.000017  Per  1°  C. 

Electrical  Resistivity 256  Ohms  Per  Mil-Ft. 

42  Microhms  Per  Cm. 

(Temp.  Coefficient 0.0011  Per  1°  F.) 

Electrical  Conductivity 4%   (Copper  100%) 

Optical  Reflectivity 60%  of  Silver 

Heat  Conductivity 1/15  that  of  Copper 

Shrinkage    !4   Inch  per  Foot 

Hardness  Cast  Material 20-23  (Shore  Scleroscope) 

Hardness  Hot  Rolled  Rods: 

27  (Average  Shore  Scleroscope). 

Hardness  (Brinell,  3,000  Kg.). 

Hot  Rolled  Rods 162 

Cold   Drawn   Rods 160-245 

Castings    115 

Modulus  of  Elasticity  (Young's) 25,000,000 

Thermal  Conductivity: 

0.06  Calories  Per  1°  C.  Per  Second  Per  Cm^. 
True  Specific  Heat: 

0.109  Calories  Per  Gram  Per  1°  C. 
Magnetic  Induction  for  H  ^  100 1,500  Gausses 

Energy  Absorption: 

Izod  Test    lis 

Charpy   Test    160 

Toughness    1S80 

Heat  Treated  Carbon  Steel  (S.  A.  E.  1045).....- 920 

Torsional  Tests  on  Rods  (.Average). 

Shearing  Stress — Lbs.  Per  Sq.  In.  on  Remotest  Fibres: 

.\t  Elastic  Limit 31.796  Lbs.  Per  Sq.  In. 

At   Ultimate   Load 79,053  Lbs.  Per  Sq.  In. 

Tensile  Tests  on  Castings: 

Yield  Point   37.093  Lbs.  Per  Sq.  In. 

Tensile  Strength    72,281  Lbs.  Per  Sq.  In. 

Elongation   in  2  Inches 34% 

Reduction   of   Area 32% 

Tensile  Tests  on  Sheets : 

Yield  Point   25.000  Lbs.  Per  Sq.  In. 

Tensile    Strength     65,000  Lbs.  Per  Sq.  In. 

Elongation   in  2   Inches 35% 

Tensile  Tests  on  Hot  Rolled  Rods: 

Rounds  and                           Yield  Point  Ult.  Ten.  Str.  Elong'n 

Squares                               Lbs.  Sq.  In.  Lbs.  Sq.  In.  in  2  In. 

Up  to  1"   63,126  94.562  40% 

11/16"   to    111/16"    Inc 61,963  93,104  39% 

1^"   to  2  7/16"   Inc 50.115  87,678  42% 

2^"  to  3K'"  Inc 43,805  85,282  44% 

Over  3/2"    47.335  84,763  43% 

Rectangles    56,353  85,562  42% 

Hexagons     60,736  87,781  40% 

Proportional  Limit  35,000  to  45,000  Lbs.  Per  Sq.  In. 

Compression  Tests  on  Hot  Rolled  Rods: 

Elastic    Limit 45,000  to  50,000  Lbs.  Per  Sq.  In. 

Yield    Point 67,000  Lbs.  Per  Sq.  In. 

The  tensile  strength  of  Monel  Metal  wire  varies  from  80,000 
pounds  per  square  inch  to  150,000  pounds  per  square  inch,  de- 
pending on  the  temper. 


Shear  Tests  on  Hot  Rolled  Monel  Metal  Rods  V/s"  Round: 

Single  Shear  Double  Shear 

Diam.  of                                                 Stress  Lbs.  Stress  Lbs. 

Test  Piece                                                 Per  Sq.  In.  Per  Sq.  In. 

1"     61,092  127,200 

%"     49,883  103,267 

1"  Round 

1"  55,163  115,500 

3/4"   44,806  90,163 

The  general  properties  of  pure  nickel  parallel  luonel 
very  closely,  differing  slightly  under  special  conditions, 
each  has  its  particular  advantages  for  specific  use. 


THE    BUDGET 

Much  has  been  written  recently  on  the  mechanics 
and  machinery  of  the  budget  in  private  enterprise,  but 
little  has  been  said  about  the  spirit  behind  the  budget. 

"It  is  this  spirit  behind  the  budget,"  says  E.  W. 
McCullough,  manager  of  the  Fabricated  Production 
Department  of  the  Chamber  of  Commerce  of  the  United 
States,  "which,  in  the  last  analysis,  will  determine 
whether  the  forms  and  procedure  of  budgetary  control 
shall  have  meaning  and  usefulness,  or  whether  they 
shall  mean  but  another  addition  to  the  administrative 
red  tape  now  cluttering  business. 

Mr.  McCullough  deals  with  this  phase  of  the  sub- 
ject in  a  bulletin  which  his  department  has  just  issued 
under  the  title,  "Budgeting  for  Business  Control." 

"The  first  point  in  a  reasonable  financial  program," 
says  Mr.  McCullough,  "is  to  aim  for  that  amount  of 
business  within  one's  resources  to  handle  which  will 
give  a  fair  return  and  which  is  founded  upon  a  conser- 
vative view  of  the  real  demands  of  the  consumer. 

"The  second  is  to  strive  to  make  the  most  of  capital 
resources ;  establishing  a  production  system ;  by  re- 
fraining from  plunging  into  expenditure  for  new 
plants  and  equipment  where  the  old  will  serve  the  pur- 
pose;  by  placing  collections  on  a  reasonably  prompt 
basis  ;  by  having  purchases  in  line  with  production  and 
sales  programs  and  by  refusing  to  act  as  a  free  ware- 
houseman. 

"The  third  is  to  regulate  current  borrowings  in  such 
a  way  that  they  will  be  well  under  control.  As  the 
business  of  a  firm  expands,  the  lag  between  the  order 
and  payment  date  increases,  bringing  with  it  a  growing 
need  for  banking  accomodations.  These  banking  re- 
quirements are  usually  granted,  for  the  increase  of 
business  is  a  warrant  of  the  success  of  the  enterprise. 
New  loans  are  made  and  old  ones  are  renewed  and 
extended,  until  almost  insidiously  grows  the  conviction 
on  the  part  of  the  manufacturer  that  the  short  term 
accomodations  are  a  fixed  contribution  to  the  capital 
of  his  business,  and  he  acts  and  works  upon  this  as- 
sumption Inevitably,  the  day  comes  when  the  bank 
finds  itself  pressed  for  funds  and,  in  turn,  calls  on  the 
manufacturer  for  payment,  and  since  such  a  demand 
usually  comes  at  a  time  of  business  depression^  the 
manufacturer  finds  himself  unable  to  liquidate.  Then 
very  likely  reorganization  ensues,  resulting  at  best 
in  the  short  term  funds  becoming,  upon  onerous  terms, 
a  part  of  the  funded  or  long  term  obligations.  _ 

"For  all  lines,  seasonal  and  non-seasonal,  it  should 
be  clearly  realized  that  short  time  obligations  are  not 
a  pertuanent  contribution  to  capital  and  that  manufac- 
turers should  hold  themselves  in  readiness  to  liquidate 
accounts  receivable  over  current  indebtedness.  Short 
term  obligations  should  bear  a  definite  relationship  to 
the  capital." 
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The  Manufacture  of  Fine  Forging  Steels 

Electric  Furnace  Practice,  Casting  Methods,  Raw  Materials  Used. 
Heat  Logs  for  Carbon,  Chromium  and  Nickel  Chromium.  Steels. 

By  LARRY  J.  BARTON* 


WAR  time  conditions  of  hasty  production  are  a 
thing  of  the  long-  gone  past,  the  period  of  de- 
pression is  gradually  going,  and  American 
manufacturers  are  gradually  awakening  to  the  fact 
that  if  they  are  to  meet  low  priced  foreign  competition 
it  must  be  upon  the  greater  merit  of  their  higher  priced 
product.  Production  is  going  ahead  by  leaps  and 
bounds  and  again  the  call  is  coming  forth  for  high 
grade  forging  steels.  The  writer  offers  the  following 
treatise  for  the  possible  help  manufacturers  may  ob- 
tain, the  results  and  practice  given  being  those  follow- 
ing experiments  and  tests  covering  an  extensive  period, 
and  accepted  over  others  as  superior,  both  from  the 
standpoint  of  quality  and  their  commercial  costs.  For 
ordinary  grades  of  forging  stock  the  cost  of  electric 
melting  and  refining  is  too  high  to  compete  with  the 
open  hearth  furnace,  in  which  very  fine  steel  can  be 
made.  In  such  industries  as  the  automotive — covering 
automobiles,  aeroplanes  and  tractors ;  the  railroad,  both 
steam  power  and  electric  driven ;  and  the  general  ma- 
chine and  equipment,  covering  all  machines  using  re- 
ciprocating or  fast  moving  parts,  the  trend  is  towards 
lighter  weight  forgings.  In  order  to  sufficiently  meet 
the  ever  increasing  strength  and  ductility  specifications 
a  superior  grade  of  steel  must  be  iised.  Then,  when  it 
is  considered  that  the  sections  are  always  becoming 
smaller,  the  highest  quality  of  steel  is  needed  to  meet 
the  demand. 

This  has  encouraged  the  electric  furnace  manufac- 
turers of  high  quality  steels,  for  it  is  only  by  this  meth- 
od of  oj)eration  that  many  difficult  specifications  can 
be  adequately  satisfied.  Heat  treating  and  research 
have  developed  many  properties  of  the  alloy  steels 
which  were  unknown  a  few  years  ago,  .giving  rise  to  an 
increased  market  and  demand  for  this  class  of  work. 
Alloy  steel  castings  in  the  heat  treated  condition  are 
rapidly  replacing  forgings  in  many  cases.  This  paper 
covers  only  the  making  of  the  ingot  and  its  further 
operations,  but  the  same  furnace  practice  is  applicable 
to  making  alloy  steel  castings  with  slight  modifications 
such  as  any  metallurgist  will  readily  recognize. 

While  it  is  appreciated  that  very  fine  steels  have 
been,  and  are  still  being  made  in  the  acid  electric  fur- 
nace, I  do  not  believe  they  can  compete  with  the  basic 
electric  on  a  highest  quality  basis.  There  are  so  many 
small  points  where  the  basic  process  shows  its  superior- 
it}-  that  it  is  needless  to  mention  them,  this  subject 
having  been  thoroughly  covered  by  much  more  able 
men  than  the  writer.  The  following  processes  will, 
therefore,  be  considered  as  covering  basic  operation. 
No  class  of  electric  furnace  is  mentioned,  as  all,  when 
properly  operated,  will  thoroughly  meet  conditions 
when  considered  from  the  strict  metallurgical  view. 
The  same  follows  of  ladles,  refractories,  treating  equip- 
ment, etc. 


Proper  Care  of  Furnace  to  Obtain 
Maximum  Results. 
The  Hearth — One  of  the  greatest  troubles  in  ob- 
taining a  \ery  high  grade  and  uniform  product  consist- 
ently is  with  the  furnace  bottom.  Alloy  steels  require 
a  longer  time  m  the  furnace  than  any  other  class  of 
metal,  throwing  a  greater  period  of  strain  onto  the 
hearth.  In  addition,  some  are  more  or  less  severe  on 
the  bottom,  due  to  their  erosive  action,  in  addition  to 
their  higher  melting  points  above  that  of  the  plain  car- 
bon allocs.  It  is  indeed  discouraging  to  the  meltei 
to  find  that  at  about  the  time  he  is  finishing  his  heat 
the  bottom  starts  rising  in  patches,  often  requiring  in- 
stantaneous tapping  and  either  scrapping  the  heat  or 
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Fig.  1 — Indicating  the  manner  in  which  brick  are  laid  in  the 
furnace  shell. 

placing  into  a  cheaper  grade  of  work.  This  too,  re- 
sults in  a  higher  cost  of  manufacture,  and  often  through 
over  zeal  on  the  melter's  part  results  in  an  inferor  steel 
poured  into  a  product  requiring  the  highest  grade  metal 
obtainable,  a  point  which  works  to  the  direct  disad- 
vantage of  the  shop  concerned.  With  the  idea  of  elim- 
inating this  point  I  strongly  advocate  the  use  of  a 
hearth  made  by  burning  in  the  refractory  bit  by  bit, 
instead  of  ramming  and  then  burning.  I  also  advocate 
using  the  best  grade  of  dead  burned  magnesite  obtain- 
able for  the  hearth  proper. 

Making  Bottom — The  furnace  shell  is  bricked  up  as 
per  Fig.  1.  Short  pieces  of  electrode  are  then  arranged 
on  the  bottom  as  shown  in  Figs.  2,  3,  and  4.  Either 
way  is  optional,  depending  on  the  size  of  the  furnace 
(number  of  door  openings),  the  electrodes,  whether 
carbon  or  graphite,  and  the  depth  of  hearth  desired. 
Personally  I  like  Fig.  4  better  than  the  others  as  it 
offers  better  accessibility  to  the  front  of  the  furnace, 
and  gives  a  strong  support  to  the  electrodes.  Great 
care  must  be  used  in  setting  up  these  electrodes  on 
bricks  as  a  breaking  apart  will  seriously  interfere  with 
the  proper  completion  of  this  very  important  operation. 

Basic   open   hearth,  or  blast   furnace,   slag   in    the 
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finely  ground  conditions  now  dusted  over  the  bottom 
bricks,  until  all  cracks  are  filled.  This  should  be  care- 
fully done  as  it  is  essential  to  thoroughly  fill  any  small 
openings  with  this  material.  A  small  amount  is  then 
dusted  all  over  the  bottom.  The  furnace  is  now  ready 
to  be  dried  out,  and  this  operation  should  not  be  stint- 
ed. A  very  low  gas  or  oil  flame  is  inserted  through 
one  of  the  doors  and  the  furnace  sealed,  only  allowing 
enough  air  to  enter  to  support  combustion.  A  large 
amovmt  here  depends  upon  the  judgment  of  the  melter 
as  to  how  long  this  flame  should   burn  before  being 


Fig.2 —  Showing  typical  position  of  electrodes  in  furnace 
bottom. 

raised.  I  recommend  to  burn  several  hours  at  the  least 
until  all  surface  moisture  is  driven  from  the  furnace. 
The  flame  can  now  be  progressively  raised  until  in 
about  six  or  eight  hours  the  flame  is  burning  full.  The 
point  of  the  flame  should  now  be  so  regulated  that  its 
direct  heat  is  thrown  towards  the  center  of  the  hearth. 
This  is  kept  on  until  the  furnace  ceases  emitting  any 
steam  from  around  the  vent  holes  in  the  bottom  and 
sides,  and  may  take  24  hours  or  more  depending  upon 
how  moist  the  refractories  were.  I  have  ordinarily 
found  that  about  12  to  15  hours  is  ample  for  this,  but 


Fig.  3 — A  second  disposition  of  electrodes  in  furnace  bottom. 

you  must  remember  the  old  adage  "better  be  safe  than 
sorry."  By  this  time  the  furnace  walls  will  be  a  good 
bright  red,  and  all  preliminary  expansion  will  have  been 
taken  up  by  both  the  roof  brick  and  the  others.  Any 
slight  spalling  of  either  the  magnesite  or  silica  brick 
can  now  be  raked  from  the  furnace,  and  the  actual 
burning  begins. 

The  furnace  electrodes  are  lr)wered  until  an  arc  is 
made  with  the  hearth  set-up.  This  is  a  point  which 
should  be  very  carefully  watched  for  if  any  electrode 
is  lowered  too  much  there  is  a  great  possibility  of  it 


forcing  the  bottom  electrodes  out  of  place  causing  no 
end  of  serious  trouble.  As  all  the  electrodes  are  now 
at  a  good  red  heat  the  arc  will  hold  steady,  and  the  cur- 
rent can  be  thrown  over  to  the  automatic  regulators. 
This  should  be  held  at  the  lowest  possible  figure  for 
about  an  hour,  and  gradually  raised  over  a  period  of  at 
least  four  or  five  hours  until  the  ground  slag  on  the 
hearth  is  in  a  molten  condition  and  running  freely.  The 
temperature  should  now  be  held  at  a  point  where  the 
side  walls  are  glistening,  but  care  should  be  taken  not 
to  allow  the  silica  brick  to  run.  Magnesite,  ground  to 
about  the  size  of  wheat,  can  now  be  dusted  lightly  all 


Fig.  4 — A  more  accessible  alternative  for  location  of  electrodes 
in  furnace  bottom.  This  arrangement  shows  electrodes  well 
supported. 

around,  and  the  doors  again  closed.  Further  additions 
of  this  character  can  be  made  about  every  half  hour, 
tests  being  taken  before  each  addition. 

The  best  method  of  taking  these  tests  is  by  means 
of  a  long  rod  with  a  flattened,  hoe  shaped  point  about 
two  inches  in  width.  This  point  is  pushed  into  the 
hearth  material  at  several  pomts,  and  small  samples 
withdrawn.  These  samples  should  show  thorough 
fusion  in  each  case,  if  not,  a  section  is  unburned.  Dur- 
ing this  period  it  may  be  necessary  to  run  off  load  on 
different  electrodes  in  order  to  heat  one  section  of  the 
furnace  more  than  another.  If  trouble  is  had  with 
fusion  in  any  spot  it  may  be  necessary  to  dust  with  a 
small  amount  of  your  slag  which  will  melt  and  run  in 
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the  crevices  thoroughly  binding  the  bottom  into  one 
compact  body.  1  have  found  that  a  mixture  of  one 
part  slag  to  six  of  magnesitc  offers  a  mixture  which 
will  give  as  good  results  as  can  be  obtained  from  any 
set  proportion,  it  always  being  necessary  to  change 
mixtures,  depending  on  the  way  fusion  proceeds.  The 
hearth  is  gradually  built  up  in  this  manner  until  it 
begins  to  take  a  definite  shape.  It  is  now  good  practice 
to  tip  the  furnace  in  either  direction,  in  order  that  the 
walls  may  be  built  up  as  high  as  possible.  The  sec- 
tions at  the  jambs  can  be  formed  by  using  the  mixture 
slightly  moistened  and  tapped  into  shape  with  rab- 
bles. When  the  final  shape  is  obtained,  as  per  Fig.  5, 
the  entire  hearth  should  be  given  a  good  dusting  of 
slag,  and  the  current  held  on  until  this  has  thoroughly 
melted,  filling  any  small  surface  cracks  or  irregularities. 
The  current  is  now  killed,  and  the  stubs  raked  from  the 
bottom.    The  above  series  of  operations  should  be  giv- 


F'g-  S — Final  shape  of  hearth  before  the  dusting  of  the  slag. 


en  plenty  of  time,  and  under  no  conditions  should 
they  be  forced.  The  time  for  a  six-ton  furnace  will 
average  about  24  to  30  hours,  and  for  a  three-ton  about 
20  to  24.  A  great  deal  depends  upon  the  experience  of 
the  man  burning  in,  as  a  good  operator  will  conserve 
every  bit  of  heat  and  time,  resulting  in  a  shorter  period 
of  burning. 

The  hearth  is  now  in  such  a  condition  that  a  bar 
thrust  against  it  will  ring,  as  if  hit  against  a  concrete 
wall.  If  desired  a  wash  heat  can  now  be  made  to  thor- 
oughly set  the  bottom.  I  recommend  that  this  heat,  if 
used,  be  a  heat  of  grey  iron  made  from  steel  scrap,  as 
this  character  of  a  heat  will  always  melt  and  run  clean, 
and  appears  to  leave  the  bottom  in  better  condition 
than  any  other  metal.  As  soon  as  this  heat  is  tapped 
the  bottom  can  be  slightly  patched  if  needed,  but  this 
is  unnecessary  if  the  first  burning  has  been  properly 
done.  The  walls,  above  the  slag  line,  can  be  touched 
up  with  a  good  grade  of  dolomite,  or  any  of  the  trade 
materials  such  as  syndalog,  magdalog,  etc. 

Great  care  should  be  taken  of  the  hearth  during 
operations.  After  each  pour  some  time  should  be 
spent  in  cleamng  out  small  holes  in  the  hearth,  and 
in  keeping  the  slag  line  clean.  Good  alloy  steels  can 
never  be  made  on  a  poor  hearth,  or  in  a  hurry,  and  It 
pays  to  take  plenty  of  time  on  this  subject  of  repair. 
Great  care  should  be  exercised  not  to  use  too  much 
patching  material,  as  it  will  only  come  up  in  the  slag  on 
your  next  heat  offering  further  problems. 

The  same  applies  to  the  nose  or  tapping  spout.  It 
sliould  at  all  times  be  kept  free  of  sculls,  slag  accre- 
tions and  holes.  Magnesite  mixed  with  a  small  amount 
of  sodium  silicate,  and  well  rammed  in  and  dried,  offers 
an  excellent  material  for  a  good  clean  spout  which  will 
usually  last  much  longer  than  one  built  of  brick. 

Class  of  Scrap. 

In  the  manufacture  of  any  high  grade  steel  a  great 


deal  of  the  success  obtained  is  due  to  the  character  of 
scrap  used.  While  it  is  possible,  of  course,  to  make 
good  steel  from  inferior  scrap,  it  follows  that  every 
additional  operation  necessary  through  this  practice 
greatly  increases  the  conversion  cost.  Not  only  that 
point,  but  every  time  you  boil  the  bath,  with  ore,  to 
either  lower  the  carbon,  or  to  reduce  phosphorous,  you 
are  placing  oxide  in  direct  contact  with  the  metal,  of- 
fering a  splendid  chance  to  have  this  objectional  sub- 
stance dissolved  in  the  steel,  some  never  to  be  eliminat- 
ed. Such  scrap  as  good  punchings,  ingot  or  mill  butts, 
heavy  plate  or  structural  scrap  offers  an  excellent  raw 
material.  Good  heavy  turnings  are  also  good,  if  kept 
clean  from  oil,  dirt,  waste,  etc.  When  it  is  considered 
that  some  of  this  steel  in  the  ingot  will  cost  over  a  hun- 
dred dollars  a  ton  it  certainly  pays  to  add  a  few  dol- 
lars to  the  initial  scrap  charge.  Classes  of  scrap  should 
be  segregated  mainly  on  their  phosphorous  contents, 
using  such  metal  for  each  heat  as  will  meet  the  speci- 
fication without  any  unnecessary  slagging  off. 

Raw  Materials  in  General. 

Lime  should  be  of  good  quality,  thoroughly  burned, 
and  as  free  of  any  objectional  elements,  such  as  sul- 
phur, etc.,  as  is  possible.  All  car  loads  should  be  ana- 
lyzed completely,  and  g'reat  attention  paid  t;o  this 
point.  Before  using  the  lime  should  be  crushed  to  a 
size  of  half-inch,  or  smaller,  as  time  will  be  here  saved 
when  building  a  slag,  which  will  more  than  pay  for 
any  shorter  life  of  refractories,  due  to  lime  dust  im- 
pinging on  the  roof  or  walls  and  causing  a  slagging 
action. 

Fluorspar  should  contain  over  85  per  cent  calcium 
fluoride,  and  be  as  low  in  silica  as  is  commercially  pos- 
sible.    This  should  also  be  crushed  to  about  pea  size. 

Re-carbonizing  materials  should  be  low  in  ash  and 
sulphur.  If  coal,  or  other  unbaked  carbonaceous  ma- 
terial is  used  it  should  be  as  low  in  volatile  matter  as 
can  be  obtained  consistent  with  cost.  I  have  founa 
several  materials  on  the  market  which  are  exceptionally 
good  for  this  purpose.  Pitch  or  retort  coke,  flake 
graphite,  clean  anthracite  coal,  and  similar  carbons  are 
all  good  to  use,  each  filling  its  purpose  well. 

Charging  Operations. 

The  charging  of  the  furnace  will  follow  the  already 
common  practice  of  placing  the  larger  pieces  on  the 
hearth,  and  filling  the  cavities  with  smaller  sized  metai. 
It  is  often  desirable,  especially  when  the  bottom  is 
rather  low,  to  charge  some  of  the  lime  for  the  first  slag 
onto  the  hearth  before  the  scrap  is  charged.  It  is  also 
often  necessary  to  charge  a  small  amount  of  coke, 
when  it  is  desired  to  melt  down  under  one  slag  only. 
Such  alloys  as  nickel  and  tungsten  when  charged  with 
the  scrap,  should  be  well  down  towards  the  bottom  so 
that  alloying  will  gradually  proceed  as  melting  prog- 
resses. 

Plain  Carbon  Steels — These  steels,  especially  those 
of  from  .30  to  .55  per  cent  carbon,  find  wide  use,  being 
used  in  most  forging  work,  both  for  light  and  heavy 
duty.  While  it  is  true  that  alloy  steels  are  rapidly 
cutting  in  on  their  use  there  is  still  a  great  demand  for 
a  high  grade  metal  of  this  character  for  such  articles  as 
forged  gears,  cams,  crank-shafts,  driving  rods,  axles, 
etc. 

As  a  good  example  of  this  steel  we  can  do  no  better 
than  to  take  as  an  example  a  specification  calling  for: 
Tensile  strength,  minimum,  100.000  lbs.  per  sq.  in.; 
F.l.  limit,  65,000  lbs.  per  sq.  in. ;  Elongation,  over  15  per 
cent. 
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A  steel  which  will  easily  meet  this  is  one  contain- 
ing: Carbon,  .40/. 50  per  cent;  manganese,  .45/. 55  per 
cent.  Other  analyses  standard  with  a  phosphorous  and 
sulphur  under  .04  per  cent. 

The  furnace  is  charged  with  suitable  scrap  probably 
analyzing  about  carbon,  .25  per  cent ;  manganese,  .50 
per  cent ;  silicon,  .08  per  cent ;  phosphorous,  .04  per 
cent ;  and  sulphur,  .045  per  cent,  such  as  is  commonly 
made  in  the  basic  open-hearth  furnace  for  rolled  work. 
The  current  is  turned  on  and  the  doors  closed  and 
sealed.  As  soon  as  the  electrodes  have  run  down,  and 
are  in  close  proximity  to  the  bottom,  the  doors  are 
opened,  the  electrodes  raised,  one-half  of  the  lime  for 
the  first  slag  thrown  into  the  holes,  the  holes  filled  with 
scrap,  and  the  melting  again  started.  Care  should  al- 
waj's  be  taken  in  this  manner  to  prevent  the  electrodes 
digging,  and  cutting  the  bottom.  The  heat  will  now 
melt  down  rather  fast.  When  melting  is  nearly  com- 
pleted the  doors  should  again  be  opened,  the  scrap  on 
the  walls  shoved  in,  and  the  balance  of  the  first  slag 
added.  In  this  instance  the  first  slag  will  consist  ot 
2  per  cent  of  the  charge,  lime,  and  10  per  cent  of  the 
lime  clear  white  sand.  As  soon  as  all  is  melted  a  test 
of  the  slag  is  taken.  This  should  show  a  dead  black, 
and  should  be  of  medium  consistency.  If  too  thick 
it  can  be  slightly  thinned  with  fluorspar — if  too  thin 
more  lime  can  be  added.  When  the  metal  is  sufficiently 
hot  the  first  preliminary  test  can  be  taken,  poured  into 
a  chill,  quenched  and  broken  for  fracture.  This  will 
show  very  low  in  carbon  and  will  necessarily  be  low 
in  manganese  and  silicon.  We  will  assume  this  test 
to  be  at  .08  per  cent  carbon,  with  all  conditions  favor- 
able to  slagging  ofT.  Shut  the  current  off  and  hold  in 
this  condition  for  several  minutes.  If  there  is  a  slight 
boil  in  evidence  a  handful  of  fine  ferro-silicon  thrown 
in  on  the  spot  will  quiet  this.  As  soon  as  the  slag  has 
quieted,  the  furnace  is  slighting  tipped  and  the  slag 
drawn  off.  What  will  not  run  free  must  be  raked  out 
with  hoe  shaped  rabbles,  well  slag  covered.  Wheii 
the  bath  is  fairly  free  a  few  shovels  of  fine  lime  are 
thrown  on  its  surface,  and  what  slag  remains  will 
quickly  coagulate  and  can  be  removed.  A  slag  of  this 
character  made  from  scrap  which  is  slightly  rusty,  will 
remove  at  least  .02  per  cent  of  phosphorous,  based  upon 
a  volume  of  2yi  to  3  per  cent  of  the  charge. 

Enough  recarbonizer  to  raise  the  carbon  to  .35  per 
cent,  and  manganese  figured  at  .30  per  cent  are  now 
added  to  the  bare  metal,  and  the  current  turned  on. 
This  carbon  will  usually  start  a  small  boil,  sometimes 
rather  violent,  and  often  the  re-carbonizer  must  be  add- 
ed in  small  lots.  In  about  10  minutes  or  less  the  free 
carbon  will  all  be  absorbed,  as  denoted  "oy  the  rapid 


H'Eu\T  LOG  OF  PLAIN 
Specifications: 
Carbon  .40/.45 

Manganese     .45/.50 
Silicon   under        .12 
Phosphorus   and 
Sulphur,  less 
than  .045 


Charge: 

Ingot  croppings  8,000  lbs. 
Boiler  plate  6,000  lbs. 

Heavy  turnings     3,000  lbs. 


Total 


17,000  lbs. 


CARBON  STEEL 

Steel  made; 

Carbon 

.43 

Manganese 

.53 

Silicon 

.09 

Phos. 

.038 

Sulphur 

.016 

.'\pproximate 

anab 

Carbon 

.25 

Manganese 

.50 

Silicon 

.05 

Phos. 

.04 

Sul. 

.04 

Material  charged  as  follows:  Turnings  on  the  hearth,  then 
the  boiler  plate,  then  ingot  butts,  with  about  1,500  lbs.  of  the 
latter  left  to  fill  up  holes  as  melting  proceeds. 


81    ;'L 


A  N 


(Ai!0[ 


KILO' VAST, 


20  DO 


4  PM 


5:05 — Metal  poured. 

4:50— Final  metal  test 
taUeu  sliowing  ex- 
cellent conditions. 
Sl.-ig  very  Deavy  tu 
carbide. 

4  :30— Analysis  back 
from  chemist  at 
.35  per  cent  car- 
bofn  ajnd  .40  per 
cent  manganese. 
.10  per  cent  man- 
ganese added,  .05 
per  cent  carnon 
added  directly  na- 
der  tlie  electrodes 
and  rabbled  in 
Silicon  at  .10  per 
cent  added.  Flame 
oily  with  heavy 
black  smoke  ci>m"- 
mg   from    furnace. 

4:15 — Slag  strongly  tr.ir- 
bidic.  Kerr'o-sm- 
eon  figured  at  .05 
per  cent  added. 
Doors  sealed. 
Flame  brilli.tnt, 
soot  beginning  to 
come  out  from 
around  the  cool- 
ing ring.s. 

4:00— .Slag  test  showing 
light  brown,  fluid- 
ity good,  condi- 
tions strongly  re- 
ducing, .Meta'l  test 
taken  for  chemist, 

3:50— Slag  well  rabbled, 
given  25  lbs.  fluor- 
spar, and  another 
dusting  of  coke. 

3:15-^urrent  again  n„. 
Second  slag  made 
up  containing  301) 
lbs,  lime,  100  lbs. 
Duorspar,  and  50 
lus.  ground  coke. 
-Wded  at  intervals 
during  the  ne.\t  20 
minutfts.  Then  giv- 
en a  good  dusting, 
of  ground  coke. 

2:50— Current  off,  slag 
raked  from  fur- 
nace. Three  scoops 
of  fine  lime  added, 
and  balance  of 
slag  removed. 
Metal  -dead," 
Manganese  calcu- 
lated to  ,25  per 
cent  added  togetn- 
er  with  anthracite 
coal,  figured  to 
•20  per  cent  avail- 
able carbon, 

-  ■■■«)— Slag  dead  black, 
boil  very  low. 
Conditions   good. 

■2  ■.25-^Cbarge  all  in,  50 
lbs.  lime  and  50 
lbs,  fluorspar  add- 
ed, bath  unaer  a 
light  boil.  First 
preliminary  test 
t  a  k  e  u,  showing 
carbon  about  ,10, 
Slag  o.iidizing, 
heavy  black,  me- 
dium fluid. 


barge  nearly 
melted.  200  lbs. 
lime  and  50  lbs. 
ore  added. 

1 :10 — Holes  again  fllle<l 
with  balance  of 
scrap  on  platform. 

12:55 — Current   again    on. 

12:45 — ^Electrodes  down 
to  hearth,  current 
off  and  100  lbs. 
lime  added  to 
holes,  nnd  tne 
holes  filled  with 
scrap. 

12:15 — Current   on. 
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drop  of  the  flame  emitting  from  the  roof  ports.  One 
half  of  the  second  or  finishing  slag  is  now  added  con- 
sisting of  2  per  cent  of  the  charge  lime;  20  per  cent  of 
the  lime  s[)ar ;  several  scoop  shovels  of  powdered  coke; 
well  mixed  together.    The  doors  can  now  be  closed,  and 
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NICK, 


K|li;oWWTT$ 


•L 


ilTEKL 


:.% — He«t  poured. 


:2.')— Final  fracture  test 
taken,  .15  piT  I'oiit 
Inmp  silicon  add- 
ed. 


7  :00 — Chemist  reports 
carlxm  .SO  nleKel 
3.55,  and  manga- 
nese .52.  Fnritaoe 
sealed  and  allowwl 
lo  soak  under  c.nr- 
liide  slag. 


(liSO-SInfr  rouiidinK  In- 
to shape  r.'ipidly, 
conditions  e.xcel- 
lent.  Another 
rtnstiiiff  of  coke, 
togetller  with  ."»<) 
ll>s.  fluor.^par  add- 
ed in  small  por- 
tio-n<s  to  diffcrpnt 
sectiouis  of  the 
l>alh. 


-Balance  of  second 
slap:  added  and 
h  e  a  V  i  1  y  coked, 
^letal  test  taken 
for  cliemi^t.  Doors 
sealed. 


5:.'>,T — Current  shut  off, 
and  most  of  the 
first  slaK  raked 
off.  Ferro-man;;:i- 
ncse  added,  and 
second  slag  added. 


iMKl^Metal  nearly  melt- 
ed. Slag  gradually 
Iironglit  into  prop- 
er condition  dnr- 
iTig  tlie  next  ^<l 
niinntes.  hv  means 
of  additions  of 
spar  and  a  small 
amount   of  sand. 


S:10 — Ourrent  on.  I-"roni 
(his  time  until 
nearly  4  o'clock 
scrap  added  to 
gctlier  with  small 
additions  of  lime, 
to  bring  total  lime 
up  to  2  per  cent  of 
the  charge. 


Specifications: 

Steel  made: 

Carbon        .30/  .35 

Carbon 

,31 

Nickel       3.25/3.75 

Nickel 

3.62 

Other  elements  standard 

Silicon 

.12 

I'hos. 

.040 

Sul. 

.026 

Charge: 

Xickcl  scrap  11,000  lbs. 
Ingot  butts       4,500 


Analysis  of  charge: 

Carbon  .30 

Nickel  2.50 


Total        15,500 
Sufi'icient  pig  nickel  added  on  hearth  to  bring  charge  up  to 
3.50  per  cent  nickel,  together  with  100  lbs.  burned  liinc. 

luted  on  one  side  (if  in  a  three-door  furnace).  In  about 
10  minutes  the  balance  of  this  slag  can  be  added,  di- 
rectly under  the  electrodes,  and  the  slag  given  a  good 
dusting  of  powdered  coke.  During  this  time  the  skim- 
ming gate  has  been  set  and  luted,  and  is  now  being 
dried  with  an  oil  or  gas  flame ;  the  ladle  is  also  under 
the  fire. 

The  flame  coming  from  the  roof  ports  will  gradu- 
allj-  turn  from  a  sharp  reddish  to  a  soft  luminous  ont, 
denoting  that  reducing  conditions  are  now  materializ- 
ing. The  slag  can  now  be  examined,  both  for  coloi, 
texture  and  fluidity.  This  will  gradually  change  froni 
a  black  or  brown,  to  a  lighter  brown,  through  a  grey, 
until  the  final  white  carbide  slag  is  obtained.  It  may 
be  necessary  during  this  period  to  add  either  lime  oi 
spar  to  bring  this  condition  about.  As  soon  as  the  slag 
powders  in  the  air,  and  gives  off  the  familiar  acetylene 
odor  when  quenched,  perfect  reducing  conditions  are 
obtained.  The  bath  is  given  another  good  dusting  ot 
coke,  and  another  metal  test  taken.  This  test  goes  to 
the  chemist  for  carbon  and  manganese,  but  is  also 
judged  at  the  furnace  by  fracture.  The  flame  will  now 
gradually  die  down  and  either  soot  or  volatilized  silicon 
may  be  emitted  from  the  furnace.  The  heat  is  now 
under  perfect  conditions,  the  sulphur  being  rapidly 
eliminated.  Ferro-silicon  calculated  to  .05  per  cent  can 
now  be  added  to  cleanse  the  steel  of  any  small  adhering 
oxide,  and  to  promote  progress  of  solidity.  When  the 
analysis  returns  the  final  additions  can  be  made  to  the 
furnace,  and  the  final  test  taken.  As  soon  as  all  condi- 
tions are  correct  the  heat  can  be  poured. 

A  moist  sack  is  cjuickly  thrust  in  the  nose  and  the 
furnace  rapidly  titled.  The  sack  will  hold  hack  the 
slag  for  just  long  enough  to  allow  the  metal  to  rise  up 
over  the  skim  gate,  the  slag  flowing  into  the  ladle  on 
top  of  the  metal.  The  pouring  practice  will  be  handled 
later. 

Chromium  Steels — Steels  with  chromium  contents 
running  from  .50  per  cent  up  to  2.00  per  cent  with  car- 
l)ons  as  specified. 

These  steels  are  handled  in  exactl)'  the  same  man- 
ner as  in  the  proceeding  outline  for  carbon  steels,  with 
the  addition  of  chromium  added  at  least  30  minutes  be- 
fore the  pour.  When  the  larger  additions  are  made 
it  is  good  practice  to  add  the  ferro-chrome  on  the  sill 
just  inside  the  door  for  several  minutes  before  shoving 
into  the  bath,  as  a  means  of  slightly  pre-heating.  It 
will  al.-^o  be  necessary  to  slightly  change  the  final  car- 
bon additions  to  compensate  for  that  contained  in  the 
ferro-alloy.  Chromium  is  very  easily  oxidized,  and 
for  this  reason  more  care  must  be  taken  of  the  slag 
than  with  carbon  steels.  I  advocate  adding  10  pei 
cent  more  chrome  than  needed  to  compensate  for  the 
slight  losses  of  this  metal  which  will  invariably  occui, 
even  under  the  best  of  conditions. 
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The  Remelting  of  Chrome  Steel  Scrap. 

In  order  to  conserve  this  alloy  it  is  manifestly  im- 
possible to  slag  off  or  your  purpose  would  be  com- 
pletely defeated.  The  practice  must  therefore  be 
slightly  changed,  and  this  steel  will  be  described  as 
made  under  the  one  slag  process.  The  scrap  is  charged 
as  before,  but  in  addition  coke  figured  to  10  points 
plus  the  specification  desired  is  added.  If  the  order 
called  for  .50  per  cent  carijon  j-ou  would  add  coke  at 
,60 — if  at  1.00  per  cent  you  would  add  coke  at  1.10  per 
cent.  This  is  to  provide  the  necessary  carbon  to  over- 
come the  rust  on  the  scrap  and  to  cause  the  heat  to  melt 
at  a  point  slightly  under  your  desired  figure,  calculat- 
ing to  pick  up  10  points  of  carbon  during  the  finishing 
operation.  This  figure  will  naturally  change  accord- 
ing to  the  character  of  the  scrap  the  amount  of  rust, 
etc.  Rusty  scrap  will  generally  lose  20  points  on  the 
melt  down,  while  rattled  scrap  will  probably  lose  less 
than  .05  per  cent  of  carbon.  One  half  the  lime  is  added 
but  no  fluorspar  or  sand,  and  the  heat  is  melted  as  un- 
der the  two  slag  process. 

As  soon  as  completely  melted  the  balance  of  the 
slag,  mixed  with  ground  coke  and  fluorspar  is  added, 
the  bath  given  a  good  dusting  of  ground  coke,  and  the 
doois  tightl}'  sealed.  The  better  seal  here  obtained,  the 
quicker  will  reducing  condiitions  ensuet  The  slag 
at  this  period  may  range  from  a  black  to  a  green  grey, 
dejiending  upon  how  oxidizing  conditions  were  during 
the  melting.  According  to  the  color  you  will  add  your 
ground  coke,  the  darker  the  color  the  more  you  will 
need.  The  slag  will  now  seem  to  hold,  but  will  finally 
begin  to  turn  lighter  in  color  as  reduction  proceeds. 
This  period  requires  expert  manipulation  in  order  that 
the  slag  may  be  cleared  as  quickly  as  possible  without 
raising  the  carbon  content  over  that  desired.  The  fur- 
nace should  be  kejat  closed  as  much  as  possible,  and 
soon  the  change  in  the  flame  will  show  progress.  It  is 
possible  for  a  skilled  melter  to  know  exactly  what  is 
progressing  inside  his  furnace  merely  by  the  appear- 
ance of  this  flame,  and  the  sound  of  his  arc.  When  the 
slag  is  in  carbide  form  the  final  test  of  metal  for  the 
chemist  is  taken,  and  final  additions  are  made  upon  re- 
ceipt of  his  report.  Within  20  or  30  minutes  of  the 
final  chrome  addition  the  heat  should  be  poured.  The 
time  necessary  to  hold  under  the  carbide  slag  before 
making  the  final  additions  will  all  depend  upon  the  steel 
desired,  the  percentage  of  carbon,  etc.,  but  it  is  well  to 
understand  that  it  is  far  better  to  hold  too  long  than 
to  pour  too  soon. 

Nickel  Steels  Up  to  Five  Per  Cent  Nickel. 

This  class  of  metal  can  be  handled  in  the  same  man- 
ner as  under  carbon  steels.  The  nickel  can  be  added 
with  the  charge  in  the  form  of  pig  nickel,  and  the 
course  of  the  heat  pursued.  Nickel  is  extremely  hara 
to  lose  by  oxidation,  and  requires  no  special  methods 
of  melting.  Fractures  containing  percentages  of  nickel 
over  3  per  cent  show  a  difference  from  those  of  similar 
carbon  steels,  and  the  chemist  must  be  relied  upon  to 
a  greater  degree.  Care  should  be  taken  with  these 
steels  against  over  heating  as  this  tends  to  cause  over 
oxidizing.  Nickel  steel  in  the  wild  condition  oii'ers 
one  of  the  most  difficult  problems  the  melter  has  to 
handle.  The  best  method  of  coping  with  such  a  situa- 
tion is  by  constant  working  of  the  metal,  together  with 
additions  of  silicon.  This  is  added  in  lump  form, 
moistened  so  it  will  break  through  the  slag  into  the 
metal.  When  the  metal  shows  sound  an  analysis  will 
have  to  be  made  for  silicon,  and  if  too  high  ore  will 


HEAT  LOG  CHROME  NICKEL  STEEL 


Specifications 

Carbon     .25/  .30 

Nickel    L3S/L55 

Chrome    .50/  .60 
Charge: 

Chrome    nickel   scrap    14,000   lbs.; 

nickel,  1.50;  chromium,  .55. 
200  lb.   lime  charged   on   the  hearth 
coke  fig-ured  at  .40  per  cent. 


Chrome 

Steel  made: 

Carbon 

Nickel 


.30 
1.51 


analyzing   carbon,   .24; 
together   with   ground 
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-He.it   poured. 


2CD0       1<':10 — Fiiial  fmcture  anu 
slug  tests  taken. 


'.i..3o — Slag  iu  flue  con- 
dition, sbowiug  a 
faint  green  tiuge 
on  wUite,  but  pow- 
dering on  e.\po«- 
ure  to  the  air. 
Anotber  test  t.ik- 
en  for  analysis. 
Later  catme  back 
carbon  .27,  nickel 
l.-iy,  and  chrome 
.33.  Sufficient 
chrome  added  to 
bring  up  to  .CO, 
manganese  at  .10 
per  cent,  nickel  at 
.05  per  cent,  and 
given  a  good  diisr- 
ing  of  coke. 


1>  :20 — Slag  in  fair  con- 
dition, but  i-atner 
thick  and  gummy. 
10  lb.  fluorspar 
added,  and  Ihor- 
ougbly  rabbled 
in.  Bath  given  a 
light  dusting  with 
ground  ferro  sili- 
con, and  some 
coke. 


ws^jr^  -^ 


6:30 — ^Ourrent  on,  melt- 
ed down  under 
similar  conditions 
to  a  plain  c.irbon 
heat.  As  soon  as 
melted  a  test  tak- 
en for  the  chemist, 
and  steps  taken 
to  bring  the  slag 
to  carbide  condi- 
tion,s.  This  he^lt 
melted  down  un- 
der a  m  e  d  i  u  m 
brown  slag,  with 
conditions  more  or 
less  neutriil.  The 
test  came  back 
from  the  chemist 
at  .24  earbou  .37 
chrome,  -and  1.45 
nickel. 
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have  to  be  added,  and  the  heat  slagged.  Silicon  is  thus 
easily  reduced,  but  the  steel  cannot  be  classed  as  real 
first  quality  metal.  I  have  found  calcium-silicide  to  be 
an  excellent  de-oxidizer  under  such  circumstances  as 
the  affinity  of  calcium  for  oxygen  is  so  much  greater 
than  the  nickel  that  the  over  oxidized  condition  is 
gradually  eliminated. 

Nickel  Chromium  Steels. 

Handled  by  a  combination  of  the  above  methods, 
depending  upon  the  alloj'  contents  in  the  raw  scrap. 

Molybdenum  Steels. 

This  class  of  alloy  steels  are  best  made  by  the  two 
slag  methods  of  manufacture.  After  slagging  off.  and 
before  building  the  second  slag,  the  alloy  can  be  added 
in  the  form  of  calcium  molybdate,  the  final  slag  added, 
and  the  heat  finished  under  carbide  conditions.  If  fer- 
ro-molybdenum  is  used  it  should  be  added  to  the  fur- 
nace in  a  similar  manner  to  ferro-chrome,  after  the 
white  slag  appears.  When  handling  this  metal  in  com- 
bination with  such  alloys  as  nickel  and  chrome  they 
will  be  added  as  for  their  respective  classes. 

Steels  With  Vanadium. 

The  heat  is  finished  and  the  vanadium  added  not 
over  10  or  12  minutes  before  the  pour,  giving  it  just 
sufficient  time  to  thoroughly  diiTuse. 

Pouring  and  Ingot  Practice. 

When  using  a  skim  gate  on  the  furnace  there  is 
little  chance  for  slag  inclusions  to  appear  in  the  metal. 
There  are,  however,  always  chances  for  slag  to  become 
trapped  in  the  metal  stream,  small  particles  of  ladle 
patching,  etc.,  to  become  contaminated  with  the  steel. 
As  a  means  of  eliminating  these  troubles  I  advocate 
several  remedies : 

1.  Pouring  superheated  metal  and  holding  in  the 
ladle. 

2.  Adding  a  small  amount  of  ground  fluorspar  to 
the  ladle  during  the  pour. 

3.  The  use  of  ferro-titanium  in  the  ground  form  in 
the  ladle. 

Superheated  metal  allows  the  maximum  amount  of 
any  foreign  inclusion  to  rise,  together  with  any  en- 
trapped gas.  Fluorspar  will  increase  the  fluidity  of 
any  non-metallic  particles  it  encounters,  as  will  the 
titanium.  Titanium  also  eliminates  any  nitrogen  pres- 
ent by  its  ability  to  form  the  nitride.  Aside  from  the 
above  I  do  not,  under  any  conditions,  believe  in  any 
ladle  additions  whether  of  coke,  manganese  or  silicon. 
Aluminum  is  also  eliminated,  because  in  good  steel 
there  is  no  need  of  this  metal,  its  use  giving  rise  to 
added  inclusions  and  increasing  the  shinkage  or  "pipe." 
The  metal  should  be  of  such  a  temperature  that  it 
can  stand  in  the  ladle  at  least  10  or  15  minutes  before 
pouring  the  first  ingot. 

All  ingots  should  be  cast  large  end  up,  and  a  "hot 
top"  used.  This  is  so  common  among  high  grade  steel 
makers  that  further  discussion  would  be  needless.  The 
use  of  fluted  ingots  is  strongly  favored  especially  m 
the  larger  sizes,  either  in  the  square  or  multi-sided 
shapes.  A  hollowed  base  plate  gives  more  satisfactloti 
than  a  flat  one,  giving  a  rounded  point  to  the  lower  end 
of  the  ingot,  and  aiding  in  the  elimination  of  base 
cracks,  and  cold  shuts  on  the  lower  surfaces.  The  in- 
terior of  the  molds  should  be  very  well  kept,  and  a  wash 
is  favored  of  either  graphite  suspended  in  water  and 
applied  to  the  hot  mold,  or  of  lampblack  in  linseed  oil. 


A  slightly  higher  cost  of  mold  upkeep  will  always  pay 
for  itself  in  better  ingots,  with  less  scrap.  The  life  ot 
ingot  molds  can  be  prolonged  by  giving  them  a  thor- 
ough anneal  before  the  primary  heat.  Any  small  scabs 
can  often  be  welded  and  ground,  often  resulting  in 
many  heats  from  a  mold  which  normally  was  due  for 
the  scrap  heat. 

Top  pouring  of  ingot  molds  is  favored  over  the 
method  of  plate  pouring  for  the  reason  that  invariably 
runner  brick  will  cut  and  peel,  the  silica  inclusions  re- 
maining in  the  ingot.  Molds  should  be  "cold  poured" 
the  nozzle  opened  just  far  enough  for  the  steel  to  rise 
with  a  "creamy  top."  Under  no  conditions  should  a 
stop  occur  during  the  pouring  of  an  ingot,  for  a  seam 
is  bound  to  result,  and  while  it  may  only  be  on  ttie 
surface  it  often  crops  up  in  the  finished  forging  after 
much  expense  has  been  spent  on  its  fabrication.    There 
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Fig.  6 — Sketches  of  approved  ingot  and  mold  design  used  ia 
^  top  pouring,  with  hot  tops. 


are  certain  cases,  as  in  a  large  ingot,  where  bottom 
pouring  must  be  resorted  to.  For  such  class  of  work 
it  is  desirable  to  fill  the  mold  about  one-third  to  one- 
half  full,  and  then  finish  by  top  pouring.  The  hot  top 
is  then  set  and  the  ingot  filled.  The  best  hot  tops  are 
those  made  from  well  burned  bricks  of  good  material, 
sand  molded  ones  offering  a  chance  for  inclusions  to 
creep  into  the  metal. 

Ingots  should  be  stripped  as  soon  as  possible  and 
allowed  to  stand  end  up  until  perfectly  solid,  when 
they  may  be  placed  in  the  soaking  pits.  This  condi- 
tion is  obtained  when  t)he  corners  begin  to  show 
slightly  black.  Fig.  6  shows  some  sketches  of  ingot 
and  mold  design  which  have  proven  acceptable  for  the 
above  described  work. 


RAILWAY  DEPARTMENT  EMPLOYEE 
TRANSFERRED 

E.  D.  Lynch,  Railway  Department,  Westinghouse 
Electric  &  RIanufacturing  Company  has  recently  been 
transferred  to  the  New  Haven  office  of  that  company. 
Mr.  Lynch  has  been  engaged  in  railway  activities  since 
graduating  from  the  Baltimore  Polytechnic  Institute. 
He  was  engaged  in  assisting  in  the  negotiation  work  of 
the  Railway  Department,  but  at  a  reorganization  of  the 
Railway  Department,  he  was  appointed  Office  Man- 
ager of  the  department.  At  New  Haven  Mr.  Lynch 
will  fill  the  vacancy  made  by  Mr  J.  P.  Alexander's 
removal  to  the  Boston  office  of  the  Westinghouse 
company. 
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Uniformity  of  Products  Depends  upon  Correct  Series — Close 
Approach  to  Theoretical  Correctness — Other  Important  Factors 
— Diagrammatical  Demonstration. 

By  A.  COE 


PROBABLY  no  one  operating  feature  of  a  by-prod- 
uct coke  plant  has  been  more  thought  of,  discussed 
and  theorized  upon  than  the  pushing  series.  It 
receives  consideration  as  the  time  approaches  for  start- 
ing up  the  new  plant  and  in  existing  plants,  as  its  im- 
portance is  recognized  and  every  eilort  is  made  to  get 
the  best  possible  results.  It  is  now  generally  conceded 
that  "uniformity"  of  operation  of  a  coke  plant,  particu- 
larly the  batteries,  gives  best  results  as  to  the  life  of 
the  apparatus  and  as  to  quality  and  yield  of  coke ;  raw, 
surplus  and  fuel  gas ;  tar  and  other  by-products.  "Uni- 
formity" of  operation  should  be  uniformily  good  opera- 
tion. However,  some  plants  are  not  capable  of  uniform 
operation,  not  necessarily  because  of  faulty  design  or 
construction,  but  from  such  factors  as  non-uniform  coal 
supply,  etc.  It  is  because  of  this  desire  for  uniformity 
that  the  pushing  series  has  been  given  so  much  con- 
sideration. Without  doubt  the  best  "10"  pushing  series 
has  been  in  use  for  many  years  (we  discuss  the  "G" 
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FIG.  1— PUSHING  SERIES— The  above  diagram  shows,  for 
various  pushing  series,  the  age,  in  series,  of  the  first  oven 
to  the  right  and  the  first  oven  to  the  left  when  any  oven  is 
pushed.  For  instance  when  oven  No.  7  of  the  "G"  series 
is  pushed  the  first  oven  to  the  right  (No.  8)  is  5  series  old 
and  the  first  oven  to  the  left  (No.  6)  is  6  series  old.  Series 
difference  is  the  hours  difference  when  the  gross  coking 
time  is  10  hours,  or  in  direct  ratio  for  any  other  coking 
time — for  instance,  "G"  series,  if  the  coking  time  is  20 
hours:  When  oven  No.  7  is  pushed,  oven  No.  8  is  20  x  5/10 
=  10  hours  old  and  oven  No.  6  is  20  x  6/10  =  12  hours  old. 


series  later)  ;  it  is  generally  conceded  that  the  only 
practicable  pushing  series  is  a  "10"  series ;  as  is  evi- 
denced by  the  fact  that  probably  without  exception, 
evicry  by-product  coke  plant  uses  a  "10"  pushing  series. 
Some  have  thought  that  the  importance  of  the 
pushing  series  warranted  using  some  other  than  the 
"10"  series  and  have  proposed  an  "11"  or  other  series, 
upon  the  assumption  that  the  ideal  pushing  series 
would  be  one  in  which  the  age  of  the  first  oven  on 


FIG.  2— PUSHING  SERIES— Oven  numbers  outside  of  cir- 
cle. Sequence  numbers  inside  of  circle,  in  quotation  marks. 
Minimum  difference  in  series  in  rings,  inside  of  circle.  To 
obtain  the  "pushing  series,"  after  having  established  the 
order  of  the  "sequence  numbers"  by  means  of  the  "mini- 
mum difference  in  series":  First,  write  the  "sequence  num- 
bers," in  numerical  order:  Sequence  numbers  =  1,  2,  3,  4, 
5,  6,  7,  8,  9,  10:  "G"  Pushing  Series  =  1,  5,  9,  7,  2,  etc.  Sec- 
ond, write  under  the  sequence  numbers  the  oven  numbers 
opposite  them  (on  outside  of  circle).  To  obtain  the  num- 
ber of  "series"  differenct  between  any  two  ovens,  proceed 

0.  1,  2,  3,  4  (5  forward 
as  follows:       G     pushmg  senes  =  

1,  5,  9,  7,  2,  4,  10,  6,  8, 
series  between  oven  No.  1  and  No.  2) 

3,  1.  0,  1,  2,  3,  4,  5,  6  (6 

reverse  series  between  Ovens  No.  2  and  No.  1).  New 
series  may  be  obtained  from  any  series  by  revolving  the 
(oven)  nianbers  outside  of  circle  around  the  numbers  in- 
side of  circle:  Revolving  "G"  Series  one  number  counter- 
clockwise we  obtain:  1,  7,  9,  4,  2,  6,  10,  8,  3,  S.  (See  also  "8" 
of  the  text.) 


each  side  of  the  one  pushed  would  be  exactly  one-half 
the  gross  coking  time.  It  would  seem  that  this  as- 
sumption can  be  proper  only  if  exactly  one-half  the 
Btu.  are  required  and  have  been  absorbed  by  the  coal 
charge  when  one-half  the  coking  time  has  elapsed, 
which  seems  unlikely;  or  if  there  is  an  exact  heat  bal- 
ance as  between  each  exactly  one-half  the  gross  coking 
time.  It  seems  logical  that  either  more  or  less  than  one- 
half  of  the  Btu  have  been  absorbed  by  the  charge 
when  one-half  the  coking  time  has  elapsed,  rather  than 
exactly  one-half  have  been  used,  particularly  when  al- 
lowance is  made  for  the  actual  (net)  coking  time  being 
less  than  the  gross  coking  tinie  due  to  time  between 


620 


ThobLsfL 


/::;;^ 


rnacp , 


Sfool  PI 


an/ 


Decc-iibcr,  1922 


? 

%- 

^ 

< 

"Z  \ 

w^  - 

fin 

v^ 

Y/^ 

V. 

(. 

V 

-^  — \- 

t 

% 

\ 

J 

> 

_  ^  \ 

>) 

IS 

\ 

^ 

1 

*] 

"     "  '^ 

- 

1 

^ 

_.. 

[ 

V/ 

1 

1 

^ 

—  -  '  - 

■♦ 

. 

— 

r"///.- 

bi: 

5i  ^  "  P  J 


Fig.  3 — In  the  following  only  the  heat  absorbed  by  the  charge 
is  considered.  The  heat  in  the  stack  gases  and  radiated  to 
the  atmosphere  by  the  battery  as  a  whole  are  not  included — 
the  heat  to  the  stack  gases  and  atmosphere  are  practically 
uniform,  except  for  atmospheric  changes  and  conditions. 
Notes  on  "A" — This  diagrams  the  heat  uniformly  gener- 
ated, in  other  words  the  heat  (Btu.)  uniformly  supplied, 
throughout  the  coking  period,  for  the  oven  on  one  side  of 
the  vertical  flues.  It  shows  only  one-half  the  heat  gener- 
ated or  Btu.  supplied,  the  other  one-half  going  to  the 
oven  on  the  opposite  side  of  vertical  flues.  Notes  on  "B" 
— This  diagrams  the  distribution  of  the  heat  supplied  and 
shown  by  "A,"  as  it  is  commonly  considered  to  be  dis- 
tributed, that  is  an  exact  heat  balance  as  between  each  ex- 
actly one-half  the  gross  coking  time  together  with  no  al- 
lowance being  made  for  conditions  between  "dampering- 
off"  and  pushing  and  between  pushing  and  charging  (the 
notations  to  "C"  apply  descriptively  to  "B").  Notes  on 
"C" — This  diagram  is  submitted  as  showing  more  nearly 
actual  conditions — see  Notes  in  "B."  It  is  fully  explained 
by  notations  at  the  diagram. 


"(lampcring  off"  and  pushing,  and  between  pushing 
and  charging,  etc.  It  is  a  reasonable  assumption  that 
more  than  one-half  the  Btu.  are  required  for  the  first 
one-half  of  the  coking  period  considering  that  the 
charge  has  to  be  heated  from  atmospheric  temperature, 
water  content  heated  to  about  212  deg.  F.  and  converted 
into  vapor;  this  vapor  raised  to  a  higher  temperature 
and  probabl}-  the  greater  percentage  of  the  tar  distilled 
off  in  the  early  part  of  the  coking  period. 

.An  attempt  has  been  ma^e  in  the  following  discus- 
sion and  by  means  of  the  diagrams  to  show  that  with 
only  our  present  knowledge  of  heat  distribution  and 
the  coking  operation  a  change  from  a  "10"  to  an  "11" 
or  other  series,  is  not  warranted  and  that  the  "G,"  a 
"10"  series,  is  better  than  other  "10"  series  and  the 
best  obtainable.  To  do  this,  it  has  been  necessary  to 
make  what  are  considered  reasonable  assumptions  as 
to  heat  distribution,  but  without  any  actual  data,  as 
shown  by  l*"ig.  3  C  and  by  Fig.  5  curves  might  have 
been  pU)tted  instead  of  straight  lines,  which  would  per- 
haps make  a  better  appearance.  Straight  lines  were 
used  to  make  the  work  easier.  Granting  that  the  as- 
sumptions made  are  reasonable,  it  will  be  seen  that 
there  would  be  very  little  practical  difference  in  operat- 
ing results  for  example,  as  between  the  "G."  a  "10" 
series,  and  the  "11"  series. 

In  practice,  with  the  best  "10"  pushing  series  ob- 
tainable (the  "G"  series),  probably  one  oven  is  wholly 
or  ])artially  very  slightly  more  coked  and  another  very 
slightly  less  coked,  or  a  charge  may  be  slightly  more 
coked  from  one  side  than  the  other  but  in  this  case 
their  variations  would  be  small.  In  the  case  of  other 
than  the  best  and  depending  upon  the  particular  push- 
ing series  it  would  seem  as  though  there  must  be  over- 
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FIG.  4 — A  diagram  of  good  heat  distribution. 
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coking  and  under-coking  of  the  charge  and  uneveness 
of  tem]3erature  of  the  oven  brick-work. 

With  the  best  "10"  pushing  syeries  obtainable  (or 
even  with  the  so-called  "ideal"  pushing  series,  granting 
such  a  possibilit}")  together  with  a  knowledge  of  theo- 
retically correct  heat  distribution  it  would  probably  be 
impossible  to  obtain  an  absolutely  uniform  supply  of 
Btu.  to  the  individual  vertical  flues  of  any  oven  or 
to  the  individual  oven  of  any  battery  and  so  forth.  It 
anything  like  proper  heat  regulation  exists,  as  to  the 
individual  flues  or  ovens,  the  difference  between  the 
results  obtained  and  absolute  perfection  are  very  small 
indeed. 

There  are  many  other  factors  of  more  or  less  im- 
portance entering  into  the  uniform  heating  of  the  oven 
charges  as  a  whole,  other  than  the  pushing  series  and 
the  heat  "regulation."  Of  tlTiCse  many  factors  may  be 
mentioned  the  "radiation"  from  the  battery  as  a  whole, 
the  total  Btu.  required  for  coking  the  charge  depend- 
ing, to  some  extent  upon  atmospheric  temperature  with 
or  without  rain,  snow,  wind,  sunshine,  etc.  Again  the 
Btu.  required  to  be  supplied  to  successive  charges 
for  any  particular  oven  depend  somewhat  upon  the 
temperature  of  the  charge,  its  moisture  content  and  the 
"weight"  of  the  charge  (assuming  constant  volume). 
The  total  weight  charged  per  oven  varj'ing  with  the 
moisture  content,  percentage  of  fines  to  coarse  in  coal 
only  crushed,  etc. 

Referring  to  Fig.  1  the  "K"  series  may  be  described 
as  "uniform" ;  the  "G"  and  "E"  series  as  somewhat  ir- 
regular, but  giving  identically  the  same  operating  re- 


sults. The  "FS"  series  as  a  combination  uniform — ir- 
regular; and  the  "OZ"  series  as  entirely  irregular.  We 
should  say  that  the  "FS"  and  "OZ2"  series  would  give 
very  uneven  temperature  of  oven  brickwork  and  un- 
uniform  coking  of  the  charge  throughout  the  coking 
period  with  its  consequent  ill  efl^ects  on  coke,  by-prod- 
ucts, etc.,  and  oven  brick-work. 

The  series  most  used  are  the  "G"  series,  or  those 
that  may  be  derived  from  it,  and  the"K  "  series.  Other 
"10"  series  commonly  used  are  not  to  be  compared 
to  the  "G"  and  "K"  series.  The  "E"  series  may  be 
obtained  from  the  "G"  series  (see  Fig.  2)  by  revolving 
the  "minimum  difference  in  series"  one  space  counter- 
clock-wise  and  thus  obtain  the  new  arrangement  of 
"sequence  numbers"  1,  6,  2,  8,  4,  10,  5,  9,  3,  7.  The  "E" 
series  is  obtained  as  previously  explained  from  the  "G" 
series  Fig.  2.  An  "11"  series  derived  as  explained  in 
Fig.2is,  10,8,6,  4,  2,  11,9,  7,  5,  3,  1. 

Figs.  1  and  2  indicate  briefly  the  method  of  deriving 
and  portraying  a  pushing  series  without  the  aid  of 
mathematics.  They  were  evolved  by  the  writer  in  1915 
to  indicate  which  of  several  "10"  pushing  series  is  the 
best.  The  writer  demonstrated  at  that  time  that  the 
"G"  series  was  preferable  as  shown  by  Fig.  1.  Fig.  2 
only  briefly  describes  the  method  of  deriving  a  pushing 
series,  since  it  is  thought  that  the  reader  knowing  that 
the  best  "10"  series  already  exists  (the  "G"  series),  and 
will  not  care  to  derive  other  series.  If  he  should,  it  is 
considered  that  enough  explanation  is  given  to  serve 
the  purpose.  Figs.  3,  4  and  5  elaborate  upon  Figs.  1  and 
2  and   further  demonstrate  the  "G"  the  best  of  the 
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"10"  series  and  as  good  as  can  be  obtained,  biing  in  the 
writer's  opinion,  practically  as  good  as  the  "11"  series 

The  problem  of  choosing  a  pusiiing  series  is  not  to 
obtain  the  same  heat  trcatmeiu  for  all  ovens  (as  is 
given  b}-  the  "K"  and  "11"  series)  unless  this  is  ob- 
tained together  with  other  advantages.  Nor  is  it  a 
problem  of  the  best  "average"  heating  of  all  the  ovens, 
because  in  this  case  some  ovens  might  be  very  good  and 
some  very  bad  and  still  have  the  best  average.  The 
problem  is  to  choose  a  compromise  as  between  uni- 
formity and  irregularity,  such  as  is  given  by  the  "G" 
series  as  shown  by  Figs.  1  to  5,  inclusive.  Considera- 
tion should  be  given  to  "c\enness"  of  temperature  of 
the  oven  brick-work  throughout  the  coking  period.  The 
temperature  should  not  be  higher  at  one  time  of  the 
period  and  lower  at  another,  as  this  condition,  at  least 
if  excessive,  shortens  the  .life  of  the  oven  brick-work. 
However,  uneveness  of  temperature  probably  cannot 
be  entirely  eliminated  with  any  series.  From  the  dia- 
grams of  Figs.  3,  4  and  5,  we  conclude  that  the  "G" 
series  and  the  "11"  series  would  give  a  more  nearly  uni- 
form temperature  of  the  oven  brick-work  and  more 
uniform  coking  of  the  charge  throughout  the  period 
than  the  "K"  series. 

By  means  of  diagrams  Figs.  3,  4  and  5  the  writer 
believes  he  has  made  a  consideration  of  the  pushing 
series  much  easier.  These  diagrams  were  decided  upon 
only  after  the  consideration  of  many  others. 

This  discussion  of  the  pushing  series  has  been  made 
as  brief  as  possible,  since  the  proposition  involves  the 
whole  theory  of  oven-heating  and  the  distillation  pro- 
cess and  unless  considered  in  the  simplest  way  possi- 
ble, might  result  in  one  becoming  involved  in  a  maze  or 
theoretical  and  practical  considerations.  For  instance, 
it  is  conceivable  that  the  charging  of  any  particular 
oven  may,  even  if  only  for  a  short  period  of  time,  de- 
crease the  flow  of  heat  slightly  to  the  contents  of  the 
chamlier  two  ovens  away,  depending  upon  the  pushing 
series  used.  Or  there  might  be  a  slight  flow  of  heat 
from  the  contents  of  the  next  oven  to  the  oven  just 
charged  depending  upon  its  age,  etc.  Increase  in  tem- 
perature of  waste  gas  from  one  oven  would  affect  all 
ovens,  however  slightly  any  leakage  through  the  oveii 
walls  either  way  would  affect  that  oven  and  all  ovens. 
Such  conditions  may  be  neglected  in  considering  the 
pushing  series. 

To  obtain  advantages  over  the  "10"  series  would 
require  a  quite  large  series.  Such  a  series  would  make 
it  necessary  to  have  all  the  ovens  in  several  batteries 
in  one  row  worked  as  one  battery  and  would  be  imprac- 
ticable for  many  reasons  such  as  confusing  results  from 
the  pushing  series  itself,  great  movement  of  oven 
machinery,  involving  much  loss  of  time,  etc. 

Mention  should  be  made  of  a  very  fine  mathematical 
treatment  of  the  pushing  series  with  particular  stress 
upon  the  advantages  claimed  for  the  "11"  series  by  Mr. 
William  B.  Marquard,  U.  S.  Patent  Number  1,323,711. 
This  paper  treats  very  exhaustively  of  the  pushing  ser- 
ies and  draws  comparisons  between  the  "10"  and  "11" 
and  other  series. 


NEW  YORK  MEETING  OF  A.  S.  M.  E. 

More  than  2,000  engineers  representing  practical!}- 
the  entire  range  of  American  industry  will  attend 
the  annual  meeting  of  the  American  Society  of  Me- 
chanical Engineers,  to  be  held  in  the  Engineering  So- 
cieties Building,  New  York  CitA',  December  4  to  7.    This 


iiK-eiing,  jjlanned  as  the  biggest  in  the  society's  history, 
will  attract  leaders  in  engineering,  education,  economics 
and  numerous  fields  of  technology  from  every  section  of 
the  country.  Fully  10  per  cent  of  the  society's  member- 
shi]),  now  a])])roaching  20,000,  is  expected  to  participate 
in  the  proceedings,  the  complete  program  for  which  has 
just  been  announced. 

A  central  feature  of  national  interest  will  be  the  joint 
session  Wednesday  evening,  December  6,  with  the  .Amer- 
ican Economic  Association.  E.  M.  Ilerr,  president  of 
the  Westinghouse  Electric  &  Manufacturing  Company- 
will  speak  on  "The  Human  Proljleni  in  Industry."  Dr. 
W  esley  C.  Mitchell  of  Columbia  L'niversity  will  deliver 
an  address  on  "Making  Money  and  Making  Goods." 
I'rof.  H.  R.  Seager  of  Columbia,  president  of  the  Amer- 
ican Economic  Association,  will  lead  the  discussion,  in 
which  President  David  Friday  of  the  Michisjan  Agri- 
cultural College,  Dean  Dexter  S.  Kimball  of  Cornell, 
])resident  of  the  .Xmerican  Society  of  Mechanical  Engi- 
neers, and  other  well  known  economists  and  engineers 
will  share.  This  meeting  will  mark  the  growing  union  of 
effort  between  the  economist  and  the  engineer. 

The  ordnance  division,  of  which  army  officers  are 
among  the  leaders,  has  arranged  for  the  follov.ing  speak- 
ers:  Major  J.  B.  Rose,  U.  S.  A.,  Fort  Leavenworth, 
Kan,,  "Machining  and  Lapping  Very  Deep  Holes":  R. 
A.  Vail,  Detroit,  "Manufacture  of  (nm  Recoil  Mechan- 
ism." Recent  ordnance  developments  will  be  illustrated 
by  motion  pictures. 

At  the  management  session,  ten  years  of  progress  in 
management  will  be  outlined  by  L.  P.  Alford  of  New 
York.  Wallace  Clark  of  New  York  will  deal  with  "The 
Installation  of  Management  Methods,"  and  W.  L. 
Wotherspoon  of  New  York  will  discuss  "Refining  and 
Rolling  Mill  for  Monel  Metal."  Chester  B.  Lord  of 
Richmond,  Ind.,  will  deal  with  "A  Visual  Method  of 
Control."  Committees  on  Measurement  of  ^Managerial 
.\bility,  Standardization  of  Terminology  and  .Standard- 
ization of  Graphics  will  present  reports  to  their  chair- 
men, .\.  L.  De  Leeuw  of  New  York,  F.  E.  Town  of  'New 
York  and  John  J.  .Swan  of  N«w  York. 

On  the  opening  day  of  the  meeting  there  will  be  a 
session  on  "Training  for  the  Industries,"  at  which  these 
reports  will  be  submitted :  Extension  and  Correspond- 
ence Schools,  by  James  A.  Mover,  Boston ;  Schools  for 
Apprentices  and  Shop  Training,  by  R.  L.  Sackett,  dean 
of  engineering  in  Pennsylvania  State  College ;  Industrial 
Education  as  Represented  in  Schools,  C.  R.  Richards  of 
Cooper  Union. 

At  the  safety  engineering  session  on  December  7,  M. 
G.  Lloyd,  chief  of  the  Safety  Section  of  the  LInited 
States  Bureau  of  Standards,  will  speak  on  "Safety 
Codes,"  M.  C.  Goodspeed  of  Erie,  Pa.,  leading  the  dis- 
cussion. Other  speakers  at  this  session  will  include  A. 
D.  Risteen  of  Hartford,  Conn.,  and  G.  li.  Sanford  of 
Detroit. 

Speakers  at  the  power  session  will  include  G.  A. 
Crook  and  W.  S.  Morrison  of  New  York,  Linn  Helander 
of  East  Pittsburgh,  Pa. ;  Paul  W.  Thompson,  S.  S.  San- 
ford and  Sabin  Crocker  of  Detroit,  and  P..  N.  Broido  of 
New  York. 

Addresses  at  the  fuels  session  will  be  made  by 
Thomas  A.  Marsh  of  Chicago,  G.  I.  Bouton  of  Detroit, 
II.  F.  Lawrence  of  Philadelphia  and  A.  H.  Blackburn 
of  Worcester,  Mass.  Alfred  Cotton  and  John  Hunter  of 
St.  Louis  will  speak  on  "Ash  Handling"  at  the  Materials 
Handling  session. 
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Fig.  1 — View  of  the  recently  completed  sheet  steel  plant  of  the  Ashtabula  Steel  Company. 


Sheet  Steel  Plant  in  Ashtabula  Completed 

Ideal  Location  Makes  for  Favorable  Buying  and  Selling — Pulver- 
ized Coal  Firing  Used  Throughout — Rolling,  Annealing  and 
Galvanizing  Discussed. 

By  FRED  J.  CROLIUS 


THE  same  public  spirit  which  manifested  itself  in 
the  beautiful  Ashtabula  Hotel  —  a  community 
sense  of  unselfish  co-operation,  a  compounding  of 
individual  effort  through  a  Chamber  of  Commerce 
which  actually  functions,  not  anntially  but  hourly — 
this  same  combination  of  constructive  forces  built  the 
Ashtabula  Steel  Company,  and  these  same  forces  will 
expand  it  to  its  logical  boundries,  and  will  stirr(3und  it 
with  the  creature  comforts  of  a  progressive  city.  Al- 
most the  entire  financing  aggregating  nearly  $1,500,000 
was  done  locally  by  the  citizens  of  Ashtabula  city  and 
county. 

A  better  site  for  this  particular  character  of  de- 
velopment would  be  difficult  to  select.  Situated  about 
two  miles  east  of  Ashtabula,  almost  within  siglit  and 
sound  of  the  mammouth  ore  and  coal  transfer  docks 
of  Ashtabula  Harbor,  long  famous  as  one  of  the  very 
fine  Lake  Ports,  where  more  ore  was  handled  in  1920 
than  in  any  other  port  in  the  world,  its  transportation 
facilities  are  unrivaled.  The  New  York  Central  R.  R. 
adjoins  the  plant  property  with  a  track  frontage  of  3.500 
feet.  The  property  comprises  some  48  acres  of  level 
ground.  Close  transfer  to  the  Pennsylvania  R.  R.  and 
the  Nickel  Plate  furnishes  railroad  competition  from 
the  best  raw  material  supply  points  and  ready  shipment 
facilities  to  the  cream  of  sheet  steel  markets.  These 
three  roads  ofifer  direct  routings  and  rapid  deliveries 
to  the  Cleveland,  Pittsburgh,  Detroit  and  Chicago  dis- 
tricts. 

Principle  raw  material  supplies — necessary  in  the 
operation  of  this  type  of  mill — coal,  sheet  bars,  spelter. 


♦Engineering  Editor. 


are  immediately  available  under  competitive  condi- 
tions, and  in  emergencies  can  be  secured  over  night. 
Labor,  both  skilled  and  unskilled,  can  be  fotmd  here  if 
anywhere,  as  living  conditions,  nearness  to  farms  end 
lake  operations  are  luiusually  favorable. 

General  Plant  Layout. 

The  plant  itself  leaves  little  to  be  desired — it  is  the 
very  last  word  in  design  and  construction  for  a  mill- 
ing operation. 

The  aim  was  to  roll  and  finish  sheets — plain,  black 
galvanized,  annealed,  corrugated.  There  was  no  other 
confusing  alternative. 

The  entire  design  of  the  plant  and  structure  was 
subordinated  to  that  one  aim  ;  the  result  is  "a  sheet  mill 
second  to  none." 

The  general  character  of  the  plant  scheme  may  be 
said  to  revolve  about  the  fuel  development.  Pulverized 
coal  was  the  fuel  selected,  and  the  engineering  advan- 
tages inherent  in  this  flexible  form  of  heat  tmits  have 
shown  a  strong  influence  on  all  subsequent  operations. 
Where  hand  firing  or  stokers  require  the  transport  and 
storage  of  coal  scattered  promiscuotisly  about  a  mill, 
where  producers  carry  with  their  operation  a  certain 
amount  of  dampness,  ashes  and  clinkers — this  plant 
has  none.  It  is  as  clean  and  dry  as  a  natural  gas  fired 
plant;  even  the  boiler  house,  which  instead  of  being  an 
undesirable  eyesore,  is  actually  a  spot  of  interest,  a  de 
sirable  part  of  the  plant  power-house. 

A  description  of  the  plant  layout  and  mill  may  well 
start  with  a  discussion  of  the  power-house  and  fuel 
minimum  of  labor  and  superintendence. 
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Fig.  2 — 1600-hp.  Nordberg  Uniflow  engine  which  drives  the  rolls.     This  engine  revolves  at  a  ^peed  ot   150  rpm. 
and  is  geared  through  Falk  gears  to  30  rpm.,  the  normal  roll  speed. 


Power  House. 

Reference  to  tlie  general  i)lan.  l'"iy;.  .i,  will  show 
these  departments  separately  housed  in  adequate  build- 
ings, contiguously  located  at  most  advantageous 
points  for  shortest  steam  lines  and  powdered  coal  dis- 
tributing lines.  Every  feature  that  coittrihutes  to 
safety  has  been  complied  with. 

Two  450  hp.  Union  Iron  Works  horizontal  water 
tube  boilers,  with  Foster  superheaters,  operating  ai 
various  over-ratings,  generate  steam  at  180  lbs.  pres- 
sure and  100  deg.  F.  superheat.  .Vdequate  combustion 
chambers  allow  a  continuous  operation,  non-clogging. 
even  on  the  poorest  grades  of  coal  over  monthlv  i)eri- 
ods.  Excellent  cleaning  facilities  have  been  provided 
so  that  a  minimum  of  labor  maintains  uniform  results. 

A  single  fan-tail  burner,  horizontally  placed  in  the 
front  wall  of  the  extension  furnace  of  each  boiler  in- 
sures excellent  combustion  of  the  finely  powdered  ciial. 

The  power  plant  engine  is  a  750-hp  Nordberg  Uni- 
flow with  22  in.  by  ,S2  in.  cylinder  operating  at  150  rjjm. 
direct  connected  to  a  350-kw  a.c.  General  Electric  gen- 
erator and  a  175-kvv.  Crocker  Wheeler  d.c.  generator 
mounted  on  the  same  shaft.  Off  the  same  shaft,  belt 
dri\  en  at  750  rpm.  is  operated  one  450-kva.,  d.c.  General 
Electric  generator  ;  ,^  phase.  60  cycle,  240  v.  is  used  in 
alternating  current  generation,  while  250  volts  are  used 
in  d.c.  generation.  Also  one  60-kw.  Crocker  W'heeler- 
Buflfalo  engine  direct  connected  unit  is  used  when  start- 
ing. 

Steam  driven  au.xiliaries  consist  of:  two  10  in.  by  6 


in.  by  10  in.  \\\)rthington  duplex  boiler  feeder  gov- 
erned by  "S-C"  i)unip  governors;  (S.  C  feed  water 
regulators  control  ancl  boiler  feed  regulation). 

One  40  h]i.,  1150  rpm.  DeLaval  turbine  is  used  to 
drive  direct  on  the  same  shaft;  a  1600-gal.  centrifugal 
])umi)  to  the  Ingersoll-Rand  condenser  and  a  2000  gal. 
centrifugal  i3um]5  to  the  cooling  pond;  both  operating 
against  a  35  ft.  head.  The  cooling  pond  is  equipped 
with  4  stands  of  30  spray  nozzles  each.  Approximately 
40.000  lbs.  of  water  per  hour  are  evaporated,  condensed, 
cooled  and  re-used.  An  8  in.  by  8  in.,  22  in.  by  8  in.  In- 
gersoll-Rand \'acuum  engine  functions  with  the  con- 
denser. 

Circulating  and  conveying  air  for  coal  to  the  boil- 
ers is  furnished  by  one  40  hp.  DeLaval  Turbine  direct 
connected  to  a  fan  tuiit  operating  at  3400  rpm. 

Motor  dri\en  auxiliaries  consist  of — two  75  hp. 
motors  driving  the  two  Fuller-Lehigh  pumps ;  two  25 
hp.  motors  dri\ing  the  two  Fuller  Kimyon  pumps; 
two  25  hp.  motors  driving  the  screws  from  boiler  ftiel 
storage  bins;  one  20  hp.  Allis-Chalmers  emergency  air 
circtilating  puni]) ;  one  15  hp.  on  Nat.  Brake  &  Elec. 
Company  air  comjjressor,  delivering  at  1155  rpm.  90 
lbs.  air  for  Ftiller  Kimyon  distributing  system. 

Pulverizing  Equipment. 

Two  Standard  42-in.  I'uller- Lehigh  coal  ptilverizers 
of  the  fan  discharge  type,  combined  capacity  10  tons 
per  hour  discharging  directly  through  individual  6-in. 
Fuller  Kimyon  pumps  into  the  5-ton  tanks  or  weigh 
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Fig.  A — Rear  view  of  heating  furnaces  showing  hoppers  for  powdered  coal  and   teed   lines  to  furnaces. 


liins  meet  all  fuel  requirements  both  for  steam  power, 
for  heating  and  anneahng  furnaces,  and  for  galvanizing 
pots.    No  cyclone  separators  are  used. 

All  coal  unloading  for  the  entire  plant  operation  is 
concentrated  at  one  point.  Broad  gauge  cars  dump 
into  the  coal  elevator  pit.  From  it,  it  is  hoisted  to 
overhead  storage  bins  of  ample  capacity.  From  the 
Jeffrey  single  roll  crusher  and  pan  conveyors  the  coal 
goes  to  a  magnetic  separator,  thence  to  rotary  indi- 
rect pulverized  coal-fired  Fullcr-Leliigh  drier  where 
moisture  is  extracted  so  that  one  percent  or  less  re- 
mains, thence  to  pulverizers  which  reduce  to  approxi- 
mately 85  per  cent  through  250  inesh,  all  through  100 
mesh.  The  cost  of  this  complete  pulverizing  installa- 
tion was  in  the  neighborhood  of  $125,000,  but  the  plant 
economics  are  such  that  this  expenditure  is  amply  justi- 
fied. Not  the  least  interesting  advantage  which  this 
installation  possesses  is  its  ability  to  utilize  any  grade 
of  coal  available  at  lowest  cost.  The  plant  is  now  oper- 
ating on  rejected  coal,  coal  otherwise  unsalable  for 
steam  railway  or  steamship  uses,  a  supply  of  which  is 
constantly  available  at  Ashtabula. 

Mill  Engine. 

The  mill  rolls  are  steam  driven  through  a  single  set 
of  pinions  by  a  high  Efificiency  Nordberg  Uniflow  twin 
engine  of  1500  hp.  two  cylinders  28  in.  by  36  in.  at 
150  rpm — geared  through  Falk  5  to  1  reduction  gears 
to  a  normal  roll  speed  of  30  rpm.  It  is  designed  for  a 
very  flat  load  curve  from  500  to  2000  hp.  and  a  hand 
gear  is  provided  for  the  purpose  of  backing  off  in  cases 
of  emergency.  Fig.  2  gives  an  inadequate  view  of  one 
side  of  this  engine  the  reduction  gears,  steam  headers 


and  separators.     In  the  foreground  will  be  noticed  the 
main  roll  shaft. 

Hyde  Park  Sheet  Mill. 

The  sheet  mill  itself  located  in  the  main  span  is 
divided  into  two  balanced  sections — one-half  on  each 
side  of  the  drive  —  each  comprising  two  roughing 
stands,  four  hot  stands  and  two  cold  roll  stands  (It^ 
stands  in  all)  built  by  the  Hyde  Park  Foundry  &  Ma- 
chine Company.  The  special  engineering  feature  of 
this  department  is  in  the  housings,  which  weigh  19 
tons  and  have  a  special  screw  box  arrangement.  They 
are  arranged  so  that  the  usual  upper  part  is  eliminated. 
This  is  a  decidedly  advantageous  arrangement  because 
very  often  serious  delays  are  caused  when  the  upper 
part  of  the  screw  box  breaks  or  separates  from  the 
lower  part. 

I'he  combined  capacity  averages  between  5,000  and 
6.000  tons  of  finished  sheets  per  month  Unusual  shear- 
ing facilities  parallel  these  mills;  six  Hyde  Park  shears, 
motor  driven,  are  now  in  operation  together  with  one 
bar  shear. 

Two  roller  levelers  take  care  of  the  blue  annealed 
material. 

Ample  bar  heating  and  sheet  reheating  capacity  is 
l>rovided  through  eight  furnaces  directly  adjacent  to 
the  mill  rolls. 

Excellent  crane  service  facilities  rapid  movements 
of  production  flow. 

One  Cleveland  30  ton  crane  with  10  ton  auxiliary 
over  the  mills ;  one  Cleveland  5  ton  crane  over  the  far 
baj' ;  one  Cleveland  10  ton  crane  over  the  furnace  bay. 
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Fig.  4  shows  the  rear  view  of  the  heating  furnaces 
with  the  hoppers  for  powdered  coal  and  feed  Hnes  to 
furnaces. 

Fig.  5  shows  cooling  racks  in  the  foreground,  an- 
nealing furnace  in  center  and  roll  stands  beyond. 

The  production  of  the  mill  flows  in  direct  line  from 
the  squaring  shears  to  the  very  large  duplex  annealing 
furnace. 

Annealing  Furnace. 

The  annealing  furnace  is  a  12-  car  continuous  dou- 
ble chamber  under-fired  recuperator  type.  In  plan  the 
furnace  is  divided  into  four  sections.  The  sections  com- 
prise two  annealing  and  two  cooling  chambers  of  three 
cars  each.  In  operating,  two  cars  are  discharged  simul- 
taneously at  certain  intervals.  Each  half  of  the  fur- 
nace is  entirely  independent  of  the  other  half  and  for 
this  reason  may  be  treated  individually  under  operating 
conditions.  The  temperature  of  the  compartments 
into  which  the  cars  first  enter,  is  held  uniform  continu- 
ously. After  the  cars  enter  the  cooling  chambers,  the 
temperature  decreases  as  the  cars  approach  the  dis- 
charge end. 

Recuperation  or  preheating  of  the  air  used  for  com- 
bustion is  accomplished  by  passing  it  through  conduits 
placed  on  continuations  of  the  bridge  walls  in  the  cool- 
ing chamber  and  connecting  with  conduits  in  the  stack 
flue,  below  the  combustion  chamber,  in  the  annealing 
section.  The  air  is  subsequentlv  mixed  with  the  fuel 
in  the  burners. 

The  furnace  is  designed  to  utilize  various  forms  of 
fuel,  although  in  this  instance  pulverized  coal  is  used 
exclusively. 


One  large  bin  divided  into  eight  compartments 
-is  used  for  storing  pulverized  coal  at  the  furnace.  This 
bin  is  fitted  with  eight  coal  feeders,  one  for  each  burner 
on  the  furnace.  Each  coal  feeder  is  direct  connected 
to  a  variable  speed  motor  through  a  speed  regulator. 
Separate  fans  are  provided  for  conveying  the  combus- 
tion air.  The  combination  sheet  and  pair,  galvanizing 
and  boiler  furnaces  are  similarly  equipped. 

The  pickling  tanks,  washing  machinery  and  all  gal- 
vanizing equipment  was  manufactured  by  the  United 
Engineering  &  Foundry  Company. 

A  very  interesting  feature  of  the  galvanizing  opera- 
tion is  the  design  of  the  pot  furnaces.  These  hot  metal 
pots  and  their  pulverized-fired  furnaces  are  the  only 
layout  of  the  kind  in  the  world.  There  are  two  spelter 
pots,  one  of  30  tons  spelter  capacity  and  one  of  50  tons 
spelter  capacity.  The  first  has  a  production  in  gal- 
vanized sheets  of  approximately  30  tons  per  24  hours 
and  the  second  60  tons  per  24  hours.  The  galvanizing 
department  is  soon  to  be  increased  to  six  pots. 

A  varying  proportion  of  the  mill  tonnage  is  finished 
through  the  corrugating  rolls  and  the  balance  goes  into 
commercial  shipments  as  galvanized  sheet  or  black 
sheet  in  all  thickness  from  1/80  to  9/65  of  an  inch  thick 
and  in  sizes  40  in.  wide  by  144  in.  in  length.  These 
sheets  find  their  way  into  the  manufacture  of  stove 
pipe,  conductors  troughs,  metal  ceilings,  metal  furni- 
ture, building  sheets  and  roofs,  automobile  stock,  etc. 

Mill  Buildings. 

The  mill  main  building  shown  in  Fig.  7  is  624  ft. 
long  by  166  ft.  wide  and  is  divided  into  three  main 
spans,  the  main  span  is  66  ft.  wide  with  two  50  ft.  side 


Fig.  5 — Inside  view  of  mill  showing  cooling  racks  in  foreground,  annealing  furnaces  in  center  and  roll  stands 

beyond  the  annealing  furnaces. 
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spans.  Built  under  contract  l)y  McClintic-Marshall 
Construction  Company,  it  leaves  nothing  to  l>e  desired 
where  comfort,  accessibility  and  ventilation  are  con- 
sidered. Because  of  the  exceptional  wind  pressure 
noticeable  in  lake  storms,  the  building  is  of  high  rein- 
forced construction.  The  lighting  arrangements  are 
excellent — the  result  of  a  special  study  of  sheet  mill 
lighting  requirements  bj'  Mr.  McGaughey,  the  operat- 
ing master-mechanic  and  electrical  superintendent, 
who  also  designed  and  installed  the  entire  electrical 
layout,  switchboard  and  controls,  which  arc  a  model 
of  operating  practicability. 

Personnel. 

Robert  Lock,  the  President  and  General  Manager 
of  the  Ashtalnila  Steel  Company,  is  a  man  of  wide  ex- 
perience in  the  sheet  steel  industry.  He  recently  or- 
ganized the  highly  successful  Apollo  Iron  &  Steel 
Company,  designed  the  plant,  ^^'^  was  largely  respon- 
sible for  its  remarkably  rapid  development.  E.  H. 
Werner,  associated  with  Mr.  Lock  as  Chief  Engineer 
in  the  design  and  construction  of  the  plant,  has  many 
successful  sheet  mills  as  monuments  to  his  genius 
and  ability.  The  executive  officers  and  operating  offi- 
cials are  as  follows : 

H.  M.  Kunkle,  treasurer:  T.  J.  Rennick.  secretary; 
E.  J.  Secrest,  auditor;  M.  R.  (jray,  paymaster;  W.  J. 
Kunkle,  assistant  treasurer  and  purchasing  agent ;  Sev- 
ern P.  Ker,  sales  manager;  W.  M.  Hannum,  chief 
clerk;  C.  W.  Johnson,  order  department,  and  H.  C. 
McGauhey,  master  mechanic. 


SLIDE  RULE  FOR  CALCULATING  ALLOY 
ADDITIONS 

The  Pittsburgh  Electric  Furnace  Corporation,  Pitts- 
burgh, Pa.,  has  de\eloped  a  circular  slide  rule  for  calcu- 
lating weight  of  alloys  to  be  added  in  making  various 
alloy  steels.  It  is  called  the  'lectro  melt  calculator  and 
is  made  from  three  celluloid  discs  as  shown  above  A 
replicate  similar  to  the  one  which  they  are  circulating, 
but  somewhat  .smaller,  may  be  made  by  mounting  the 
above  figures  on  cardboard,  cutting  out  according  to  the 
outlines  and  the  black  oval  in  the  lower  figure,  then 
jnnning  through  the  black  dot.  This  device  may  be 
used  by  the  furnace  su]ierintendent  and  mclter  in  fig- 
uring mixtures  and  in  allowing  for  ordinary  percent- 
ages of  loss  in  the  absor])tion  of  the  alloy  in  melting. 
The  instructions  which  appear  on  the  back  of  this  slide 
rule  are  shown  below  : 

Directions — Over  the  weight  of  the  charge  on  Scale  A. 
set  the  number  of  points  of  alloy  to  be  added  on  Scale  B, 
holding  these  points  together,  over  the  grade  or  percent- 
age of  alloy  in  the  ferro-alloy  on  Scale  C,  set  the  efficienc\ 
of  absorption  of  the  alloy  on  Scale  D.  Under  the  per 
cent  of  melting  loss  on  .Scale  E,  read  the  munber  of 
pounds  of  ferro-alloy  required. 

Example — Assume  charge  of  6, 1.35  pounds,  .\ssume 
necessary  to  add  14  points  (.14  per  cent)  to  bath,  using 
80  per  cent  ferro-manganese  at  85  per  cent  efiiciency  of 
absorption  and  melting  loss  of  3  per  cent  in  bath. 

Calculation — 1.  Set  figure  .14  on  Scale  B  over  6,1.35 
on  Scale  A.  2.  Set  85  per  cent  on  Scale  D  over  80  per 
cent  on  Scale  C.  3.  Read  opposite  3  per  cent  on  Scale  E 
alloy  addition  on  Scale  F,  12.3  lbs,- 


Circular  slide  rule  for  calculating  alloy  additions.  Mount  on 

cardboard    and    cut    out.      Cut    out    black    oval  and    pivot 

through    dots.     Instructions    for   use    of    same  are   found 
in  column  opposite. 


INDIANS  PLANNING  IRON  EXPANSION 

The  largest  iron  and  steel  interests  in  India,  the 
Tata  Iron  and  Steel  Works,  are  planning,  according  to 
rej^orts  received  by  the  Department  of  Commerce,  to 
enlarge  their  capacity  by  the  end  of  1923  to  an  output 
of  650,000  tons  of  pig  iron  and  425,000  tons  of  finished 
steel  annually,  a  large  increase  over  their  present  ca- 
pacity of  approximately  300.000  tons  of  pig  iron  and 
125,000  tons  of  finished  steel. 
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The  Thermal  Efficiency  and  Heat  Balance 
of  an  Open  Hearth  Furnace' 

Results  of  Investigation  of  Great  Economic  Value — Discussion  of 
Gas  and  Air  Ports — Comparison  of  Earlier  Furnace  Designs  with 
Present — Waste    Heat    Recovery    Through    Steam    Generation. 

By  C.  L.  KINNEY,  JR..t  and  G.  R.  McDERMOTTJ 


BEFORE  disclosing  the  subject  matter  of  this  paper, 
and  in  view  of  the  economic  significance  of  the 
subject  involved,  the  authors'  desire  to  present 
the  following  facts  and  suggestions  for  consideration 
by  the  members  of  the  Institute. 

The  independent  investigator  of  open-hearth  fur- 
nace efificiency,  in  planning  such  work,  is  imme- 
diately confronted  by  the  question  of,  not  only  what 
shall  be  observed  and  recorded,  and  of  methods  and 
interpretation  of  such  observations,  but  also  by  ques- 
tions of  correctness  of  the  values  tised  in  the  calcula- 
tions. 

He  also  has  to  determine  a  scheme  of  tabulation  of 
the  data  obtained,  in  such  a  form  that  the  conclusion 
drawn  shall  make  an  emphatic  appeal  to  those  in  charge 
of  open-hearth  plants  and  thus  excite  a  larger  interest 
in  this  important  matter. 

Considering  the  magnitude  of  the  industry,  there 
exist  but  few  complete  investigations  of  the  subject, 
and  practically  all  those  published  differ  widely  both  in 
final  form  and  in  the  thermo-chemical  and  therom- 
physical  values  used.  It  seems  obvious  to  us  that 
there  exists  a  very  great  and  important  need  that  all 
work  of  this  character  should  be  carried  on  b^'  stand- 
ardized methods,  values,  and  forms,  which  wotild  make 
comparisons  of  results  possible.  It  also  seems  evident 
to  us  that  the  adoption  of  such  a  code  would  do  much 
toward  awakening  a  greater  interest  in  this  matter, 
which  would  certainly  be  reflected  by  pronounced  econ- 
omies in  the  industry.  We  therefore  suggest  that, 
representing,  as  it  does,  the  iron  and  steel  industry  of 
this  country,  it  lies  specifically  within  the  jurisdiction 
of  the  Iron  and  Steel  Institute  to  appoint  a  committee 
to  prepare  and  sanction  some  such  standard  method  of 
determining  the  thermal  efficiency  and  heat  balance  of 
the  open-hearth  furnace,  and  we  further  suggest  that 
those  members,  who  manage  such  plants,  pledge  them- 
selves to  use  in  such  investigations  the  standard  meth- 
od authorized  by  the  committee.  It  is  distinctly  with- 
out our  province  to  make  specific  recommendations 
concerning  this  code,  but  we  feel  that  the  method  used 
by  Mr.  Fred  Clements  in  his  excellent  paper  on  this 
subject,  which  appears  in  the  Journal  of  the  Iron  and 
Steel  Institute  (London),  1922,  Vol.  CV,  p.  429,  is 
the  most  simple  and  practical  of  any  extant,  and  for 
this  reason  we  have  in  our  presentation  very  largely 
followed  his  plan. 


♦Paper  read  before  American  Iron  and  Stee!  Institute, 
New  York  City,  October  7,  1922. 

tSuperintendent  Xo.  1  Open  Hearth  Department,  South 
Works,  Illinois  Steel  Company,  South  Chicago. 

tAssistant  Chief  Engineer,  South  Works,  Illinois  Sleel 
Company,  South  Chicago. 


The  purpose  of  this  particular  investigation  was  to 
determine  the  present  efficiency  and  heat  balance  of  a 
typical  open-hearth  furnace  as  operated  at  these  works 
and  to  show  what  improvements  have  been  made  and 
wherein  the  losses  shown  may  be  minimized.  With 
this  in  mind  we  show  a  design  of  a  100-ton  furnace  in 
which  are  embodied  certain  improvements  revealed  in 
the  following  text. 

Regenerators. 

The  proposed  100-ton  furnace,  as  will  be  noted,  has 
been  provided  with  insulated  checker  chamber  walls 
only,  but  no  increase  of  combustion  chamber  efficiency 
has  been  assumed.  While  it  is  unquestionably  true 
that  an  increase  in  checker  chamber  temperature  is  fol- 
lowed by  increased  combustion  temperatures  in  the 
melting  chamber,  we  do  not  feel  warranted  with  the 
data  available  in  making  a  specific  increase  in  melting 
chamber  efficiency,  but  are  satisfied  to  show  that  the 
heat  conserved  by  this  insulation  is  of  advantage  in  our 
waste  heat  boiler  only.  It  may  be  asked  why  the 
checker  chamber  roofs  are  not  so  insulated,  thus  further 
conserving  heat.  To  this  question  we  will  reply  by 
saying  that  the  peak  temperature  in  these  chambers 
is  at  present  not  far  below  the  softening  temperature  of 
fire-brick  and  it  is  felt  that  any  great  increase  would  in- 
volve chamber  roof  collapse. 

In  an  open-hearth  furnace  the  two  main  features 
which  make  its  operation  possible  are  the  regenerative 
chambers  and  a  port  arrangement,  capable  of  produc- 
ing a  high  temperature  flame  within  the  melting  cham- 
ber. 

The  fundamental  principles  involved  in  regenera- 
tion of  heat,  by  means  of  checker  work,  have  been  so 
many  times  stated,  that  a  repetition  of  them  is  not  con- 
sidered necessary.  It  unfortunately  is  true  that  too 
many  open-hearth  furnaces  are  operating  with  checker 
work  which  in  part  only  uses  these  basic  theories,  and 
in  consequence  their  efficiency  is  low. 

It  should  be  borne  in  mind  in  designing  checker 
work  and  chambers  that  to  merely  remove  from  the 
outgoing  gases  a  very  large  proportion  of  their  sensi- 
ble heat  does  not  mean  high  efficiency  in  the  melting 
chamber,  because  the  production  of  a  high  temperature 
fuel  column  is  in  part  a  function  of  high  temperature 
incoming  air  and  gas,  and  such  temperatures  cannot 
be  reached  if  the  sensible  heat  of  the  waste  gases  is 
dispersed  over  too  great  an  area.  From  this  it  is  obvi- 
ous that  the  most  efficient  checker  must  have  in  its 
upper  section  the  maximum  concentration  or  intensity 
of  heat  that  will  permit  incoming  gas  and  air  to  reach 
the  ports  at  the  highest  possible  temperature  and  at 
the  same  time  in  the  bottom  section  to  discharge  the 
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waste  g-ascs  at  a  low  temperature.  A  strict  application 
of  the  foregfoing-  principle  would  of  necessity  lead  ont 
to  desigfn  a  deep  checker  chamber  of  small  horizontal 
cross  section  and  the  checker  work  itself  with  very 
small  flues;  for  it  is  also  a  fundamental  principle  in 
heat  transfer  of  this  nature  that  the  hi.srhcst  efficiency 
is  obtained  the  more  nearly  we  can  approach  the  criti- 
cal velocity  of  the  gas  used. 

The  commercial  as  opposed  to  the  purely  technical 
aspect  of  the  deep  checker  work  and  small  flue  are  as 
follows :  The  deep  chamber  involves  an  increase  in 
charging  floor  height,  if  ground  water  is  to  be  avoided, 
which  adds  to  building  cost  and  in  addition  consumes, 
in  the  form  of  energy  necessary  to  pnt  up  on  the  charg- 
ing floor  the  raw  material  for  steel  making,  probably 
more  fuel  than  is  saved  ;  nor  can  there  be  any  ques- 
tion of  the  added  labor  cost  involved  in  the  removal 
and  replacement  of  such  checker  work.  The  veiy 
small  flue  area  is  objectionable  from  a  practical  stand- 
point, because  in  its  upper  sections  it  rapidly  liccomes 
clogged  with  oxides,  and  thus  the  efficient  campaign 
of  a  furnace  is  reduced  to  an  uneconomical  extent. 
One  is  thus  forced  in  the  practical  design  of  checker 
chamber  and  checker  work  to  sacrifice  a  certain  amount 
of  theoretical  efficiency,  which  is  more  than  compen- 
sated for  in  the  form  of  practical  gain.  The  checker 
work  shown  in  our  drawing  of  the  1922  and  100-ton 
furnaces  was  designed  to  give  the  greatest  possible 
inlet  area  (number  of  top  openings  per  square  foot  of 
horizontal  area")  and  the  maximum  square  feet  of  ex- 
posed surface  per  cubic  foot  of  checker  brick,  but  also, 
in  its  individual  flue  area  of  thirtv-six  (36)  square  inch- 
es, gives  a  velocity  high  enough  for  a  very  excellent 
rate  of  heat  transfer  without  premature  clogging  and 
consequent  suspension  of  efficient  operation.  Thus, 
based  upon  local  conditions  and  results  obtained  over 
an  eight-year  period,  we  feel  that  this  practical  com- 
promise with  theoretical  considerations  represents  for 
us  the  best  available  tvpe,  and  so  have  used  it  in  the 
100-ton  furnace.  Specifically  the  net  gain  in  efficiency 
represented  by  this  checker  work  and  expressed  in 
actual  pounds  of  coal  per  ton  of  ingots  is  as  follows: 
Period  of  1912,  with  checkers  shown  in  Fig.  1  and 
burning  Universal  mine  run  coal,  which  has  an  aver- 
age proximate  analysis  as  follows :  Volatile,  35  per 
cent;  fixed  carbon.  45  per  cent:  ash,  8  per  cent;  mois- 
ture, 12  per  cent;  Btu.,  11,445,  the  average  coal  per 
ton  of  ingots  produced  was  750  pounds,  and  over  an 
equally  long  period  during  1914,  using  the  improved 
checker  work  and  the  same  coal,  the  pounds  per  ton  of 
ingots  was  reduced  to  6R4,  a  decrease  of  8.8  per  cent. 
Had  we  been  using,  during  the  periods  named,  what 
may  be  termed  a  standard  gas  producer  coal  of  high 
fixed  carbon,  low  ash  and  moisture  content,  having  a 
heat  value  of  13,400  Btu..  our  coal  per  ton  of  ingots 
would  have  been  for  the  1912  period,  600  pounds  and 
for  the  1914  period.  548  pounds,  this  last  figure  repre- 
senting actual  results.  It  should  be  unnecessary  to 
mention  the  desirability  of  the  proper  arrangement  and 
size  of  flues  under  the  checker  work,  and  in  the  design 
shown  we  have  attempted  to  minimize  short-circuit- 
ing by  progressive  increase  in  area  from  bridge-wall  to 
valve  flue,  at  the  same  time  keeping  ample  area  in  all 
parts  in  order  to  take  care  of  deposited  oxides.  Ample 
insulated  flue  area,  between  regenerative  chamber  and 
valves  and  boiler,  has  also  been  provided. 

Gas  and  Air  Ports. 

The  area  of  gas  port,  or  ports,  is  determined  by  the 
proper  velocity  of  gas  used    This  area  varies  with  the 


character  of  the  gas ;  a  low  Btu.  gas  having  a  higti 
hydrogen  and  water  vapor  content  and  consequently  a 
larger  volume  per  unit  of  heat,  naturally  requires  more 
area  than  a  gas  made  from  a  better  coal. 

The  air  port  area  is  in  proportion  to  the  theoretical 
air  necessary  to  burn  the  gas  plus  a  certain  minimum 
excess.  The  location  of  the  bottom  of  the  gas  port 
should  be  high  enough  to  prevent  partially  unburnef! 
gas  from  coming  in  immediate  contact  with  the  bath, 
thereby  delaying  combustion.  It  should  be  noted  in 
this  connection  that  the  modern  furnace  by  providing 
a  combtistion  space  for  the  incoming  gas  is  in  marked 
contrast  in  this  respect  (delayed  combustion)  to  some 
olfler  types.  Yet  today  it  is  not  unusual  to  finl  fur- 
naces, the  face  of  whose  gas  ports  are  too  far  advanced 
into  the  melting  chamber  and  the  bottoms  of  the  ports 
not  high  enough  above  the  bath  level.  Inspection  of 
an  empty  bottom,  where  such  an  arrangement  of  gas 
port  is  used,  reveals  the  end  banks  extending  an  ab- 
normal distance  into  the  crucible  (bath  space).  The 
antithesis  of  such  a  condition  prevails  where  gas  ports 
are  set  too  far  back,  thus  causing  a  very  high  tempera- 
ture flame  to  play  upon  the  pass  over  the  end  banks. 
With  this  condition  these  banks  will  soften  and  cut  in- 
stead of  building  out  and  trouble  will  be  encountered 
in  the  form  of  delays  in  repairing  them,  and  in  the  loss 
of  heats. 

The  correct  proportioning  of  gas  and  air  ports  ancT 
their  relative  locations,  etc.,  are  based,  fundamentally, 
upon  a  desire  to  obtain  the  most  intimate  mixture  of 
the  two  gases  as  quicklv  as  possible.  However,  the 
problem  is  further  complicated  by  the  necessity  of  di- 
recting the  intensely  hot  flame  thus  produced  so  that 
in  its  relation  to  bath  surface,  it  shall  give  up  Tieat 
mainlv  by  conduction  and  at  the  same  time  be  kept 
away  from  the  side  walls  and  roof  of  the  melting  cham- 
ber. In  the  later  type  of  furnace,  the  gas  ports  have 
been  so  placed  that  the  so-called  flame  temperature  of 
the  stream  of  entering  gas  is  not  reduced  bv  immediate 
contact  with  the  bath  to  a  point  which  inhibits  an  effi- 
cient further  flame  propagation.  Having  thus  provided 
a  hotter  fuel  column,  it  follows  that  provision  must  be 
made  for  its  proper  direction.  Mere  increase  in  ve- 
locity at  or  adjacent  to  the  noint  of  preliminary  com- 
bustion is  inadeauate  and  it  is  thus  necessary  to  resort 
to  a  reduction  of  area  well  in  advance  of  this  zone  to 
nrevent  velocitv  dispersion  and  an  uncontrollable 
fuel  column.  Reference  to  Fig.  1  Port  End  will  show 
that  in  this  early  type  of  furnace,  while  a  p'-eliminarv 
combustion  zone  existed,  there  was  a  decided  lack  of 
contact  area  between  incoming  gas  and  air.  A  cross 
section  of  the  combustion  chamber  at  the  eas  port 
mouth  shows  that  only  the  upper  portion  of  the  pro- 
ducer gas  column  is  in  contact  with  the  air  column. 
Fig.  2  shows  how  this  area  of  contact  has  been  in- 
creased by  the  admission  of  air  on  the  sides  of  the 
gas  port. 

Referring  again  to  Fig.  1.  it  will  be  noted  that, 
after  leaving  the  zone  referred  to  in  the  preceding  para- 
.^raph,  the  area  of  greatest  confinement  was  43  square 
feet,  and  the  continuity  of  direction  and  compactness 
of  the  fuel  column  was  largely  a  matter  of  velocities 
and  confinement  in  the  zone  immediately  adjacent  to 
the  gas  port  mouth.  Any  attempt  to  increase  fuel  and 
air  contact  areas  by  adopting  the  plan  of  preliminary 
combustion,  while  maintaining  43  square  feet  as  the 
area  of  greatest  confinement,  would  have  been  fol- 
lowed, perhaps  by  better  flame  propagation,  but  cer- 
tainly by  a  high  temperature  fuel  column,  which  lack- 
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ing  direction,  would  have  unquestionably  destroyed 
the  roof  and  side  walls  in  the  course  of  a  short  cam- 
paign. 

To  maintain  the  proper  direction  and  compactness 
of  the  fuel  column  under  the  1922  condition  of  pre- 
liminary combustion,  it  was  necessary  to  prevent  ve- 
locity dispersion,  by  decreasing  the  area  of  confine- 
ment to  20  square  feet,  which  is  practically  the  amount 
indicated  b)'  the  increased  volume  of  the  gases,  due  to 
their  temperature  increase  between  the  face  of  the 
entering  port  and  the  point  of  greatest  confinement. 
Not  only  does  this  decrease  in  area  {23  square  feet) 
result  in  a  regular  compact  fuel  column,  but  by  in- 
creasing the  intimacy  of  the  mixture  of  gas  and  air 
an  improvement  in  combustion  is  attained.  Such  re- 
duction in  area  does  not,  as  might  be  supposed,  alTeci 
the  efficient  removal  of  the  products  of  combustion 
from  the  melting  chamber.  With  a  furnace  of  this  type, 
there  exists,  however,  a  limit  in  the  input  energy  in 
the  form  of  gas,  lower  it  is  true  than  in  the  1912  type, 
but  by  no  means  the  ultimate.  In  all  probability  this 
limit  is  a  function  of  the  amount  of  air  capable  ot 
being  delivered  to  the  melting  chamber  by  the  stack 
effect  of  uptakes  and  checkers,  against  the  meltmg 
chamber  pressure.  The  ideal  furnace  must  retain  those 
features  which  promote  partial  and  complete  combus- 
tion, compactness  and  direction  of  the  fuel  column, 
but  should  in  addition  make  possible  a  greater  energy 
input  per  unit  of  time,  which  by  speeding  up  the 
process  reduces  heavy  radiation  losses  per  unit  of  fuel 
fired. 

The  100-ton  furnace  not  only  increases  intimacy 
of  mixture  for  the  necessary  combustion,  and  the  con- 
finement of  area  necessary  for  efficient  control  of  the 
flame,  but  in  addition  provides  an  outlet  area  capable 
of  handling  a  greater  input  enegry. 

Slag  Pockets. 

Size  should  be  such  that  the  furnace  campaign  will 
not  be  shortened  by  premattire  filling.  This  rate  of 
filling  varies  with  the  completeness  of  the  combustiori 
of  fuel,  character  of  charge,  degree  of  permissible 
water-cooling  and  refractoriness  of  the  brick.  Air- 
cooling  of  division  walls  minimizes  gas  leakage.  Air- 
cooling  of  wall  between  slag  pocket  and  checker  cham- 
ber reduces  the  danger  of  slag  breaking  through  ana 
clogging  checkers  and  flues.  Air-cooling  of  the  bot- 
tom produces  a  physical  change  in  the  deposited  slag 
which  facilitates  its  removal. 

The  100-ton  furnace  shows  the  air-cooling  system 
connected  to  a  fan  which  supplies  air  to  the  furnace. 
This  arrangement  increases  circulation  and  renders 
cooling  more  efficient  and  adds  sensible  heat  to  the  in- 
coming air.  .  I 

The  100-ton  furnace  shows  a  substitution  of  the 
damper  type  valve  for  the  rotating  water-cooled  type 
and  while  there  is  no  question  of  the  superiority  ot 
the  former  due  to  its  easier  flow  lines,  there  is  also 
much  less  heat  lost  in  the  cooling-water  and  the  ab- 
sence of  water  vapor  carried  into  the  furnace  from  tne 
exposed  water  of  the  seal.  It  is  also  thought  unaa- 
visable  to  attempt  to  show  a  specific  increase  in  com- 
bustion chamber  efficiency  from  such  an  improvement. 
It  should  be  emphasized,  however,  that  a  valve  of  this 
type,  used  on  the  air  flues,  eliminates  the  short-circuit- 
ing of  a  larger  or  smaller  portion  of  the  incoming  air 
to  the  stack  flue,  which  in  the  butterfly  type  comes  from 
faulty  sealing  of  the  valve  tongue  and  entails  losses 
more  serious  than  commonly  supposed. 


Water  Cooling. 

The  amount  of  useful  energy  which  is  absorbed 
from  the  furnace  system  by  water-cooling  devices  has 
been  and  is  a  subject,  of  polemic  rather  than  practical 
discussion.  In  making  a  decision  whether  or  not  to 
water-cool,  both  commercial  advantages  and  thermal 
loss  should  be  carefully  weighed,  the  one  against  the 
other.  Consider,  for  example,  the  water-cooling  of  a 
gas  port.  It  is  granted  without  discussion  that  the 
highest  possible  temperature  in  the  burning  fuel  col- 
umn is  a  function  of  the  temperature  of  the  incoming 
gas  and  air,  and  that  any  absorption  of  heat  will  be 
followed  by  a  diminished  flame  temperature  and  a  con- 
sequent loss  of  efficiency.  There  is,  however,  another 
factor  of  prime  importance  in  efficient  open-hearth  fur- 
nace operation,  which  has  been  mentioned  in  that 
section  of  the  paper  dealing  with  port  construction, 
namely,  flame  control  and  direction,  and  its  import- 
ance to  heat  transfer  to  the  bath  and  the  maintenance 
of  brick-work.  It  seems  obvious  to  us,  while  a  dry 
port  will  produce  a  slightly  higher  flame  temperature 
over  a  short  life,  that  the  time  lost  in  repairs  and  the 
inefficiency  of  and  damage  done  by  a  poorly  controlled 
flame,  before  repairs  are  made,  actually  produces  a  far 
greater  commercial  loss  than  the  slight  reduction  in 
flame  temperature  from  a  proper  amount  of  water-cool- 
ing. Considerations  of  this  character  based  on  experi- 
ence, have  led  us  to  adopt  the  cooling  devices  shown 
in  the  1922  and  the  100-ton  furnace. 

Waste  Heat  Boiler. 

The  waste  gases  from  metallurgical  furnaces,  par- 
ticularly those  issuing  from  the  open-hearth,  present  an 
excellent  opportunity  for  utilization  in  steam  genera- 
tion by  means  of  a  waste  heat  boiler. 

The  first  studies  and  installation  of  a  waste  heat 
boiler  in  connection  with  an  open-hearth  furnace  were 
made  at  the  Illinois  Steel  Company,  South  Chicago, 
during  the  year  1910  and  upon  the  results  then  obtained 
have  been  based  the  rapid  development  and  applica- 
tions of  the  modern  waste  heat  boiler. 

The  sensible  heat  in  the  gases  after  passing  through 
the  regenerators  of  an  open-hearth  furnace  represent 
30  to  50  per  cent  of  the  heat  available  in  the  fuel  as 
fired. 

The  absorption  of  the  heat  content  of  these  gases 
is  largely  obtained  by  convection  which  necessitates 
the  travel  of  the  gases  at  high  velocity  over  the  heating 
surface  of  the  boiler.  Consideration  of  the  formula  gov- 
erning this  phenomenon  will  develop  the  reason. 

The  rate  of  heat  transfer  for  either  fire-tube  or 
water-tube  boilers  may  be  expressed  in  the  formula: 


R  = 


H 
T— t 


a  -I-  b 


W 
A 


R  :=  heat  transfer  rate  in  Btu.  per  hour  per  square 
foot  of  heating  surface  per  degree  F.  difference  in  tem- 
perature. 

H  =  Btu.  transferred  per  hour  per  square  foot, 
a  and  b  =  constants. 

y^  _    Mass  velocity  expressed  as  pounds  of  gas  per 
^  hour  per  square  foot  of  area  of  gas  passage. 

In  order  to  absorb  by  convection,  the  molecules  of 
the  flowing  gases  come  in  contact  with  the  heating 
surface  of  the  boiler  and  impart  their  heat  to  it.  The 
rate  at  which  the  heat  is  imparted  to  a  unit  surface 
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depends,  therefore,  on  the  number  of  gas  molecules 
coming  in  contact  with  it  per  unit  of  time. 

By  referring  to  the  above  equation  of  "R"  for  dif- 
ferent tube  diameters,  it  will  be  noted  that  the  value 
of  "R"  not  only  increases  with  the  reduction  in  diam- 
eter of  the  flue,  but  also  with  an  increase  in  the  ratio  of 

W 

— ,  mass  velocity.    This  absorption  phenomenon  mani- 

A 

fests  itself  to  a  greater  degree  when  the  gases  are  at  or 

above  their  critical  velocity. 

The  above  phenomena  and  advantages  also  apply 
to  economizers.  During  the  past  year,  three  tire-tube 
type  of  waste  heat  boilers,  equipped  with  fire-tube 
economizers,  were  installed  in  connection  with  open- 
hearth  furnaces,  and  the  results  obtained  from  both 
boilers  and  economizers  further  confirmed  the  theory 
outlined  above. 

B}'  referring  to  Fig.  3  it  will  be  noted  that  a  fire- 
tube  type  of  boiler  and  economizer  is  shown,  of  sufifi- 
cient  size  to  handle  the  waste  gases  leaving  a  100-ton 
furnace.  Both  the  boiler  and  economizer  are  construct- 
ed with  3-inch  diameter  flues. 

The  reduction  of  space  required,  lower  first  cost, 
less  draft  loss,  elimination  of  air  leakage  due  to  in- 
filtration, and  ease  of  maintaining  a  clean  surface  on 
the  gas  side  of  the  heating  surface  for  equal  evapora- 
tion lead  to  the  adoption  and  installation  of  the  fire- 
tube  type  of  waste  heat  boiler  at  South  Chicago  in  1915 
and  in  1917. 

In  order  to  illustrate,  by  comparison,  what  may 
be  accomplished  for  equal  output  by  a  boiler  construci- 
ed  with  2-inch  diameter  flues  as  a  means  of  reducnig 
the  first  cost  and  space  requirements,  a  separate  out- 
line is  shown  on  the  same  sheet  of  such  a  boiler  and 
economizer.  It  is  the  belief  of  the  authors  that  no  dif- 
ficulty will  be  encountered  by  the  use  of  the  2-inch 
flues  due  to  accumulation  of  dust  in  them.  The  rela- 
tively high  velocity  of  the  gases  through  the  flues  will 
tend  to  keep  them  clean ;  dust  accumulation  to  any 
extent  will  be  at  the  entrance  of  the  flues  on  the  bottom 
of  the  boiler.  This  dust  can  be  readily  removed  periodi- 
cally as  the  occasion  arises. 

The  square  feet  of  heating  surface  of  the  boiler  and 
economizer  constructed  with  3-inch  flues  is  6250  and 
2200  square  feet  respectively,  while  the  square  feet  ot 
heating  surface  of  the  boiler  constructed  with  2-inch 
flues  and  an  economizer  having  3-inch  flues  is  3100  and 
2200  respectively.  The  latter  installation  would  con- 
sume more  fan  power  on  account  of  the  greater  fric- 
tion loss  through  the  2-inch  flues  as  compared  with  the 
3-inch  flue.  The  cost  of  this  power  would  be  offset  by 
the  difiference  in  first  cost  of  the  installation  and  in- 
terest on  the  investment. 

Attention  is  called  to  the  table  compiled  and  shown 
in  Fig.  7  which  gives  the  "Overall  Thermal  Efficiency 
of  the  Utilization  of  the  Coal  Burned"  in  operating  an 
open-hearth  furnace  with  and  without  a  waste  heat 
boiler.  The  furnace  equipped  with  a  waste  heat  boiler 
utilizes  as  useful  work  35.9  per  cent  of  the  energy  in 
the  coal  fired  at  the  producers,  as  compared  to  16.1 
per  cent  with  the  furnace  not  so  equipped.  This  differ- 
ence would  be  further  increased  by  the  installation  of 
an  economizer. 

Gas  House. 

A  modern  gas  producer  plant  has  been  shown,  in 
which  are  provided  mechanical  producers,  large  insu- 


lated gas  mains  and  a  covered  coal  storage.  Four  10- 
foot  mechanical  gas  producers  are  provided,  with  top 
looking  and  leveling  apparatus,  bottom  agitation,  ash 
removal  and  disposal.  The  peak  gasification  thus  pro- 
vided for  using  a  mine  run  coal  of  the  following  natural 
])r(jximate  analysis  (volatile,  35  per  cent;  fixed  carbon, 
44  per  cent;  ash,  8  per  cent;  moisture,  13  per  cent), 
is  approximately  27  pounds  per  square  foot  of  effec- 
tive grate  area  per  hour,  which  is  well  within  the  limits 
of  efficient  continuous  operation  of  a  modern  producer. 
It  is  true,  that  if  a  better  grade  of  coal  were  used  the 
capacity  provided  is  excessive,  yet  if  consideration  be 
given  to  the  gradually  decreasing  quality  of  gas  coals 
and  the  irregularity  of  the  coal  mining  industry,  it  was 
felt  justifiable  to  provide  an  ample  margin  of  safety  in 
gasification  rates.  The  enclosing  of  the  coal  storage 
bin  is  shown  and  recommended  on  the  basis  of  thermal 
losses  arising  from  excess  extraneous  water  in  the  fuel. 

Thermal  Efficiency  and  Heat  Balance  Test. 

In  order  to  collect  and  observe  the  required  data  to 
confirm  the  soundness  of  the  before  outlined  theories 
pertaining  to  regeneration  and  combustion,  it  was  nec- 
essary to  determine  the  thermal  efficiency  of  a  fur- 
nace designed  along  the  lines  of  these  theories  and 
compare  by  the  same  method  the  performance  of  a 
furnace  not  embodying  the  principles  as  outlined.  In 
addition  to  the  determination  of  the  thermal  efficiency 
a  "heat  balance"  was  made  to  show  the  distribution 
of  the  thermal  energy,  from  which  further  changes 
may  be  made  leading  to  greater  economies. 

To  collect  the  basic  data,  observations  were  made 
on  three  successive  heats  on  Furnace  No.  24  at  Open- 
Hearth  No.  2,  South  Works,  Illinois  Steel  Company, 
which  we  considered  was  approximately  at  a  point  m 
its  campaign  representative  of  normal  furnace  condi- 
tions. On  account  of  the  necessity  of  calibrating  the 
instruments  and  co-ordinating  the  efforts  of  the  per- 
sonnel engaged  in  observing  and  recording  the  required 
information,  the  results  of  the  observations  taken  on 
the  first  two  heats  were  considered  only  as  preparatory 
work. 

During  the  test  a  detailed  log  was  kept  of  the  fur- 
nace charge  and  operation.  The  weight  of  the  coal 
fired  in  the  five  gas  producers  was  accurately  weighed 
and  sampled.  Both  incoming  charge  and  the  product, 
in  which  were  included  ingot  butts  and  scrap  on  the 
pit  side  and  all  slag,  were  carefully  weighed  and 
sampled.  The  furnace  crucible  (bottom)  was  practi- 
cally free  from  slag  and  metal  both  at  the  beginning 
and  end  of  the  test  heat. 

All  pyrometers  were  calibrated  before  the  test  at 
the  company's  pyrometer  laboratory.  During  the  test 
the  pyrometers  measuring  the  temperature  of  the  m- 
going  and  outgoing  gases  were  checked  by  an  optical 
pyrometer  sighted  on  silica  and  fire  brick  closed  tubes 
which  projected  into  the  path  of  the  gases. 

A  large  orifice  was  installed  in  a  42-inch  air  duct 
leading  to  the  air  valve  of  the  furnace.  A  very  sensi- 
tive and  accurate  air  meter  which  recorded  the  differ- 
ential pressure  accross  the  orifice  was  loaned  us  through 
the  courtesy  of  The  Bailey  Meter  Company  of  Cleve- 
land, Ohio. 

Conclusion. 

In  the  preceding  text  we  have  dealt  to  a  large  extent 
with  such  theoretical  and  general  considerations  as 
seemed  to  us  supremely  important  in  open^hearth  fur- 
nace design  and  operation.  Such  important  matters 
as  fuels,  gas  producer  design  and  operation,  slags  and 
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the  relative  value  of  different  processes  and  their  effects 
upon  efficiency,  necessarily  remain  untouched. 

Fig-.  3  is  a  graphic  record  of  the  principle  tempera- 
tures, air  flow  to  furnace  and  coal  log  covering  the 
period  from  tap  to  tap. 

The  heat  balance  shows  a  total  heat  input  of  531 
million  Btu.  in  the  coal  hred  in  the  gas  producers,  of 


generation,  as  demonstrated  by  a  recent  installation  at 
these  works. 

In  detail  data  of  the  efficiency  of  two  different  types 
of  furnaces  it  will  be  noted  that  two  thermal  efficiencies 
are  shown,  the  higher  representing  bath  efficiency 
based  upon  the  fact  that,  by  oxidation,  the  carbon  con- 
tent of  the  bath   is  reduced  to  carbon   monoxide  and 
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Fig.  8— Graphs  of  temperature,  coal  consumption  and  air  flow,  Heat  No.  24S6S,  September  26,  1922. 


which  493  million  Btu.  was  delivered  to  the  furnace  gas 
\'al\e,  no  allowance  being  made  for  the  tarr)'  vapor 
content  of  the  gas. 

Of  this  531  million  Btu.,  the  principle  losses  were: 


Losses 

Carbon  moiio.xide  in  waste  gas  sam- 
pled at  port  ends 

Heat  radiated  from  checker  cham- 
bers,  slag  pockets  and   uptakes... 

Total  heat  absorbed  by  cooling-wa- 
ter (not  including  gas  valve) 

Heat  absorbed  by  gas  valve 

Heat  in  waste  ,aas  to  boiler 


Millions 
of  Btu. 

Loss  in 
Per  Cent  of 
Coal  Fired 

53.5 

10.01 

38.8 

7.3 

71.75 

10.75 

270.00 

13.5 

2.0 

51.0 

The  heat  in  useftil  work  in  the  steel  produced  amount- 
ed to  85.29  million  Btu.  or  16.1  per  cent  of  the  Btu. 
contained  in  the  coal  fired.  The  net  heat  recovered  by 
the  waste  heat  boiler,  after  deducting  the  heat  in  the 
steam  used  for  blowing  the  five  gas  producers  was  87 
million  Btu.  or  16.4  per  cent  of  the  Btu.  in  the  coal. 
The  large  losses  in  cooling-water  have  been  discussed 
in  a  preceding  part  of  the  paper. 

The  apparent  loss  in  the  form  of  unburned  carbon 
monoxide  is  in  part  recovered  by  secondary  combustion 
in  the  checker  chamber  and  largely  appears  as  addition- 
al heat  in  the  waste  gases  utilized  by  the  boiler.  This 
large  loss  to  the  furnace  is  uneconomical  from  the 
standpoint  of  furnace  efficiency,  and  may  be  corrected 
in  a  large  measure  Ijy  improving  melting  chamber  com- 
bustion. 

Some  38.8  million  Btu.  are  lost  by  radiation  from 
checker  chambers,  slag  pockets  and  uptakes,  and  we 
would  expect  in  the  100-ton  furnace  to  prevent  a  por- 
tion of  this  by  insulation  of  the  checker  chamber  walls. 

The  gases  leaving  the  waste  heat  boiler  can  be  fur- 
ther utilized  by  means  of  a  feed  water  economizer  to 
the  extent  of  approximately  8  per  cent  additional  steam 


contributes  heat  to  the  bath  by  such  a  thermo-chemical 
reaction.  The  lower  efficiency  figure  is  based  upon  the 
belief,  that  the  carbon  monoxide  thus  produced,  after 
escaping  from  the  bath,  should  in  a  large  measure  be 
burned  in  the  melting  chamber.  Upon  this  basis,  we 
feel  justified  in  assuming  that  if  the  major  portion  of 
carbon  monoxide  so  produced  is  not  burned  in  the 
melting  chamber,  it  indicates  defective  combustion  and 
naturally  a  reduced  efficiency.  For  these  reasons,  we 
have  charged  against  the  furnace  in  the  low  efficiency 
figure  the  equivalent  energy  in  the  carbon  monoxide  if 
burned  to  carbon  dioxide. 

Referring  again  to  Fig.  3,  it  will  be  noted,  that 
the  air  flow  as  registered  by  meter  indicated  unequal 
air  delivery  to  the  opposed  air  chambers  to  the  extent 
of  approximately  20  per  cent;  and  in  addition  failed  to 
show  any  increase  in  the  air  input  over  those  periods 
during  which  the  greatest  amount  of  coal  was  fired  and 
the  maximum  volume  of  carbon  monoxide  was  being 
evolved  by  the  bath  reactions.  But  what  is  more  strik- 
ing, the  recorded  air  flow  shows  a  reduction  in  the  air 
delivered  during  those  previously  named  periods,  per- 
sumably  due  to  a  lack  of  stack  capacity  on  the  out- 
going end  of  the  combustion  chamber.  In  the  100-ton 
furnace  an  attempt  is  inade  to  partially  overcome  this 
deficiency,  by  increasing  the  outlet  area  of  the  melting 
chamber  approximately  100  per  cent,  through  the  rais- 
ing of  a  damper  at  this  point. 

To  further  an  increase  of  efficiency  in  this  respect, 
we  propose  to  install  a  fan  or  other  mechanical  means 
of  delivering  air,  and  which  is  automatically  controlled 
to  supply  air  for  effective  combustion.  The  automatic 
control  feature  will  supply  air  in  proportion  to  the  fuel 
consumed.  This  air  control  will  operate  in  coinbina- 
tion  with  an  automatic  control  of  the  removal  of  the 
waste  gases  which  must  maintain  a  balanced  draft  in 
the  melting  chamber. 
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The  need  of  providing  a  means  of  supplying  the 
proper  amount  of  air  for  combustion  as  demanded  is 
emphatically  shown  by  the  ratio  of  fuel  burned.  It  is 
apparent  from  the  analysis  of  the  waste  gases  and  the 
record  of  the  air  flow  meter,  Fig.  3,  that  the  stack  effect 
of  the  air  regenerators  and  uptakes  cannot  be  depended 
upon  at  all  times  to  supply  the  required  air  for  efficient 
combustion.  Needless  to  say  this  condition  will  exist 
regardless  of  the  means  employed  for  mixing  the  two 
gases  before  combustion  takes  place,  although  it  is  of 
course  necessary  to  produce  an  intimate  mixture  of 
the  two  gases  as  well  in  order  to  obtain  efficient  com- 
bustion. 

The  following  table  gives  a  comparison  of  the  im- 
portant dimensions  of  the  three  types  of  furnaces  dis- 
cussed ;  and  as  a  matter  of  additional  interest  we  show 
the  same  data  for  the  100-ton  furnace  designed  by  Mr. 
Fred  Clements  of  Rothetham.  England. 

The  utility  of  a  theory  or  theories  can  in  general  be 
said  to  be  proven,  or  not  proven,  by  the  commercial 
result  of  their  application  over  long  periods  of  time; 
and  we  submit  the  following  figures  of  pounds  of  coai 
per  ton  of  ingots  produced  at  these  works  during  the 
periods  covered  by  the  text,  as  further  proof  of  the 
soundness  of  the  theories  advanced. 

UNIVERSAL  NO.  4  MINE  RUN  COAL 

Btu.  per  pound  by  calorimeter  =  11,445 

Proximate  Analysis  (natural)   per  cent. 

Volatile     Fixed  Carbon     Ash         Moisture         Sulphur 

35.35  44.50  7.60  12.55  1.54  , 

Period  of  1912,  pounds  of  coal  per  ton  of  ingots 
=  750. 

Period  of  1914,  subsequent  to  improvement  m 
checker  work,  pounds  of  coal    ton  of  ingots   =   684. 

Period  of  1922,  subsequent  to  improved  port  and 
melting  chamber  design,  pounds  of  coal  per  ton  of 
ingots  =  596. 

Had  the  works  been  fortunate  enough  to  have  been 
supplied  at  all  the  periods  named  with  what  may  be 
termed  a  standard  gas  coal,  the  pounds  of  coal  per  ton 
of  ingots  would  be  shown  in  the  following  figures  which 
are  confirmed  by  the  actual  operating  results  obtained 
during  fairly  long  periods,  when  we  were  supplied  witli 

such  coal. 

LYNCH  MINE  RUN  COAL 

Btu.  per  pound  calorimeter  =:  14,000 

Proximate  Analysis  (natural)  per  cent. 

Volatile     Fixed  Carbon     Ash         Moisture         Sulphur 

36.65  56.45  4.25  2.65  0.54 

Period   of   1912  —  600  pounds 

Period  of  1914  =   548  pounds 

Period  of  1922  =  477  pounds 

In  closing  it  is  desired  to  express  our  appreciation 
of  the  care  and  interest  taken  by  all  participants  in  this 
work,  both  in  observation,  tabulation  and  drawings. 

NATIONAL  EXPOSITION  OF  POWER  AND 
MECHANICAL  ENGINEERING 

The  exposition  covers  the  field  of  power  and  mechani- 
cal engineering  from  the  moment  the  coal  is  taken  from 
the  ground  until  the  power  is  turned  into  work  in  the 
final  machine.  Not  only  will  there  be  representatives  of 
prime  movers  and  steam  generating  devices  but  also  ex- 
hibits of  irianufacturers  who  have  devoted  their  efforts 
to  the  solution  of  the  troublesome  probleins  involved  in 
burning  fuel  and  making  and  using  power,  whatever  the 
industry  requiring  the  heat  and  power  derived. 


The  educational  value  of  the  expo.sition  will  be  height- 
ened by  a  series  of  models  showing  developments  of  large 
central  power  stations  trom  the  old  Pearl  street  station, 
the  tirst  in  this  country,  to  the  present  Hell  Gate  station. 
Each  of  the  exhibitors  is  planning  to  have  apparatus 
shown  in  motion  or  diagram  which  will  enable  the  funda- 
mental principles  to  be  easily  discovered. 

A  list  of  exhibitors  (to  date)  who  will  exhibit  at  the 
National  Exposition  of  Power  and  Mechanical  Engineer- 
ing, Grand  Central  Palace,  December  7  to  13 : 


.Mlcn-Sherman-HofF  Co. 
American  Arch  Co, 
American  Refractories  Co. 
American    Society    Mechanical 

Engineers 
.\merican     Steam     Gauge     and 

Valve  Co. 
,'\shton  Valve  Co. 
Bailey  Meter  Co. 
Baker.    R.    &    L.,    New    York 

Corp. 
Beaumont,  R.  H.,  Co. 
Bernitz  Furnace  A.ppliance  Co. 
Bethlehem   Shipbuilding   Corp., 

Ltd. 
Bishop  &  Babcock 
Boig  &  Hill 
Bowser,  S.  F.,  &  Co. 
Burhorn,  Edwin  Co. 
Carling  Turbine  Blower  Co. 
Carlvle-Johnson  Machine  Co. 
Cash,  A.  W.,  Co. 
Celite  Products  Co. 
Cochrane  Corp.,  H.  S.  B.  W. 
"Combustion" 

Combustion  Engineering  Corp. 
Connelly,  D  ,  Boiler  Co. 
Connery  &  Co..  Inc. 
Coppus   Engineering   &   Equip- 
ment Co. 
Craig  Damper  Regulator  Co. 
Crane  Co. 

Davidson,  M.  T.,  Co. 
Dearborn  Chemical  Co. 
DeLaval   Separator  Co. 
DcLaval  Steam  Turbine  Co. 
Detrick,  M.  H.,  Co. 
d'Este,   Julian,   Co. 
Diamond   Power   Specially   Co. 
Drake  Non-Clinkering  Furnace 

Block  Co. 
Edward  Valve  Mfg.  Co. 
Ellison,   Lewis  C. 
Engineer  Co.,  The 
Erdman   Forced  Draft  Burner 

Co. 
Falls  Engine  Stop  Co. 
Flinn  &   Emerich 
Foster  Engineering  Co. 
Foxboro  Co. 

Frederick  Iron  &  Steel   Co. 
Furnace  Engineering  Co. 
Gibby  Engineering  Co. 
Gillis-Geoghegan,   Inc. 
Graver  Corp. 
Green   Engineering  Co. 
Griscom-Russell  Co. 
Harris.  Burt 
Hays,  J.  W.,  Co.,  Inc. 
Hill  Clutch  Co. 
Huber-Hand   Stoker  Co. 
Hunt.  C.  W.,  Inc. 
Huyette  Co.,  Paul  B. 
"Industrial   Management" 
"Industrial  Power" 
International  Filter  Co. 
International  Combustion 

Engr.   Corp. 
Tenkins  Bros. 
Kelly  Valve   Co. 
Keasbey  &  Mattison 
Kieley  &  Mueller 


King  Refractories  Co. 
Kingsburv  Machine  Works 
Ladd.  Geo.  T.,  Co. 
Leather  Lined  Iron  Pipe  Co. 
Leather   Belting  Exchange 
Lcddell  Metals  Co. 
Liptak  Fire  Brick  Arch  Co. 
London   Steam   Turbine   Co. 
Lopulco  Systems 
Lunkenheimer  Co. 
McLeod  &  Henry 
Mack  Engineering  &  Supply 

Co. 
Manning,  Maxwell  &  Moore 
"Manufacturers    Record" 
Martin-Morse  Corp. 
Merritt,  L.  R ,  &  Co. 
Midwest  Engine  &  Supply  Co. 
Mineral  Oil  Paint  Co. 
Murphy  Iron  Works 
Nash  Engineering  Co. 
N.  A.  S.  E. 
"National  Engineer" 
Olsson  Corp. 
Otis  Elevator  Co. 
Philadelphia  Gear  Works 
Pittsburgh  Testing  Laboratory 
Pittsburgh    Valve,    Foundry   & 

Construction  Co. 
"Power" 

Power  Specialty  Co. 
"Power  Plant  Engineering" 
Pratt  &  Cady  Co. 
Pyramid  Iron  Products  Corp. 
Quigley  Furnace  Spec.  Co. 
Racine  Machine  Tool  Co. 
Rahmann,  Geo.,  &  Co. 
Reading  Steel  Casting  Co. 
Reliance  Gauge  Column  Co. 
Republic  Flow  Meters  Co. 
Roto  Co. 

Ruggles-Klingeman  Mfg.   Co. 
S.  C.  Regulator  Mfg.  Co. 
Sanford-Riley  Stoker  Co. 
Scovill  Mfg.  Co. 
Schaeffer  &  Budenberg  Mfg. 

Co. 
Smith  &  Serrell 
"Southern   Engineer" 
Spence,  Paulsen  Co. 
Stewart-Sayer  Co. 
Superheater  Co. 
Sweets'  Engineering  Catalog 
Tagliabue,  C.  J.,  Mfg.  Co. 
Templeton  Mfg.  Co. 
Tidewater  Oil   Sales  Corp. 
Tracy  Steam  Puritier  Co. 
Uehling  Instrument  Co. 
Underfeed      Stoker      Co.      of 

America 
Underfeed      Stoker      Co.      of 

Canada 
U.  S.  Cast  lion  Pipe  &  Fdry. 

Co. 
Vibration  Specialty  Co. 
Vincent  Gilsen  Engr.  Co. 
Walworth  Mfg.  Co. 
Watts  Regulator  Co. 
Wheeler,  C.  H.,  Mfg.  Co. 
Wheeler    Condenser    &    Engr. 

Co. 
Yarnall-Waring   Co. 
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Removal  of  Solid  and  Liquid  Particles 

From  Gases 

By  A.  F.  NESBIT* 


SYNOPSIS 

Combustible  gases  zvhich  are  to  be  used  as  a  source  of  heat  or  motor  fuel\ 
usually  hold  iu  suspension  dusts  or  other  particles  zvliich  clog  up  mains,  chcckei^ 
work,  and  passage^cays,  or  cause  abrasive  action  on  machined  parts  and  interrupt 
the  operation  of  motors. 

For  given  zveights  of  solid  and  liquid  particles  originating  dnring  chemical 
and  nmnufacturing  processes,  many  particles  may  present  vastly  different  surface 
areas  to  the  gases  in  zvhich  they  are  held  in  suspension.  The  carrying  capacity  of 
gases  far  these  particles,  for  given  velocities,  may  be  very  different,  and  the 
removal  of  one  kind  of  particle  from  the  gas  stream  presents  a  more  difficult  prob- 
lem than  the  removal  of  another  kind  of  particle. 

Gases  ivhich  are  the  product  of  combustion,  partially  completed,  may  contain 
solid  and  liquid  particles  of  a  redeemable  value,  or  the  discharge  of  these  particles 
into  the  air  may  be  inj>if,rious  to  health  and  vegetation,  or  may  be  declared  a 
nuisance. 

A  brief  description  is  given  of  experiments  in  removing  dust  from  blast  fur- 
nace gas,  and  pitchy  and  tarry  particles  from  combustion  gases. 

Types  of  combined  electrical  and  centrifugal,  and  of  centrifugal  gas  cleaners 
are  described. 

Applications  of  these  forms  of  cleaners  arc  suggested  for  the  removal  of  ash 
from  hot  and  cold  powdered  coal  combustion  gases,  also  from  producer  gas.  The 
recovery  of  hot  cement  dust  from  kiln  gases  una  the  utilisation  of  heat  in  du.ft 
and  in  the  gases  in  a  special  form  of  waste  heat  boiler  or  economizer  are  suggested. 
Application  is  made  to  the  stage  by  stage  recovery  of  several  prominent  soft  coal 
by-products,  and  to  the  extraction  of  naphtha-  from  natural  gas. 


THE  cleaning-  of  combustible  gases  may  have  for 
its  object  the  preparation  of  the  gas  for  service ; 
first  as  a  heating  fuel,  and  second,  as  a  motive 
power  fuel ;  and  the  cleaning  of  hot  gases  which  are 
non-combustible,  or  which  may  be  the  product  of 
combustion  already  accomplished,  may  be  carried  out 
for  the  purpose  of  using  the  heat  energy  of  the  gases 
for  the  development  of  steam  in  waste  heat  boilers, 
with  or  without  the  simultaneous  recovery  of  a  by- 
product or  the  elimination  of  a  dust  nuisance. 

Combustible  gases,  which  may  serve  as  a  source 
of  heat,  are  in  many  cases  more  desirable  as  a  fuel,  if 
their  entrained  dust  and  solid  particles  have  been  re- 
moved before  they  enter  the  combustion  chamber  of 
the  apparatus  used.  Gases  of  this  type  have  been 
cleaned  very  effectively  by  the  washing  process;  but 
during  the  cleaning  stages  there  has  been  a  large  loss 
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of  heat  to  the  water  employed,  and  a  consequent  lower- 
ing of  the  temperature  of  the  gas.  This  low  tempera- 
ture cleaned  gas,  at  the  expense  of  its  efKciency  as  a 
fuel,  must  now  provide  from  its  store  of  pent-up  en- 
ergy, as  a  chemical  or  mechanical  mixture,  the  neces- 
sary source  of  heat  that  is  required  to  raise  its  tem- 
perature to  its  original  value  before  it  entered  the 
washer.  A  considerable  saving  of  heat  units  may  be 
effected  by  the  use  of  a  dry  system  of  cleaning  with  a 
minimum  change  in  temperature. 

Combustible  gases  to  be  used  as  a  motive  power 
fuel,  as  in  gas  engines,  must  be  effectively  cleaned  of 
entrained  dust  or  other  particles  which  in  any  way  may 
interfere  with  the  operation  of  the  engine,  or  give  rise 
to  excessive  wear  of  its  parts  and  possible  interruption 
of  its  operation.  Washing  processes  have  been  very 
largely  employed  in  the  past,  and  serve  the  double  pur- 
pose of  cleaning  the  gas,  while  at  the  same  time  cooling 
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it   to  anj'  desired   temperature,   in   anticipation   of  its 
admission  into  the  explosion  cylinders. 

Hot  gases  which  are  noncombusti])le,  and  the  heat 
which  has  not  been  utilized  in  any  large  way  in  the 
past,  have  been  escaping  into  the  atmosphere  from  all 
kinds  of  chemical,  metallurgical,  or  roasting,  and  other 
processes,  and  little  or  no  attempt,  until  within  recent 
years,  has  been  made  to  recover  from  its  fumes  waste 
products  which  have  a  redeemable  value. 

The  fourth  type  of  gas  or  air  streams  to  be  cleaned 
is  that  which  contains  in  suspension  solid  and  liquid 


Fig.  1- 


-Single  unit  combined  electrical  and  centrifugal 
cleaner. 


particles  which  have  no  appreciable  redeemable  value, 
but  the  escape  of  which  into  the  atmosphere  may  be 
considered  a  nuisance,  and  be  the  cause  of  financial  loss 
or  possible  litigation. 

This  article  is  intended  chiefly  to  describe  a  type  of 
apparatus  which  operates  wholly  upon  mechanical 
principles  or  which  may  be  combined  to  operate  jointly 
with  special  structures  constituting  a  combined  me- 
chanical and  electrical  gas  cleaner. 

The  cleaning  of  gases  coming  under  the  individual 
requirements  as  here  classified,  necessitates  a  care- 
ful study  of  each  case  as  a  separate  and  distinct  prob- 
lem. This  fact  is  appreciated  when  the  physical  and 
chemical  properties  of  suspended  jjarticles  is  consid- 
ered. The  first  of  this  series  of  articles  referring  to  the 
mechanical  type  of  cleaners,  appeared  in  The  Blast 
Furnace  and  Steel  Plant  in  October,  1920. 

The  writer  had  the  good  fortune  to  have  been  as- 
sociated with  a  special  committee  of  engineers,  under 
Mr.  George  E.  Wisener,  General  Superintendent  of  the 
Mingo  Works  of  the  Carnegie  .Steel  Company,  at  Mingo 
Junction,  Ohio,  in  connection  with  research  work  on 
the  application  of  the  electrical  precipitation  process 
to  the  cleaning  of  blast  furnace  gas. 


Tests  of  Combined  Electrical  and  Mechanical 
Gas  Cleaner. 

During  this  study  at  Mingo  Junction  it  developed 
that  the  most  satisfactory  method  of  automatically  and 
Continuously  removing  the  dust  from  the  grounded 
electrode  jjipe  was  by  imparting  a  swirling  motion 
to  the  gas  stream  and  its  entrained  dust.  The  scour- 
ing action  gave  the  best  results,  when  the  gas  was  ad- 
mitted in  a  thin  annular  layer  close  to  the  stream  boun- 
dary line.  Fig.  1  makes  clear  the  early  form  of  ap- 
paratus used. 

The  gas  velocities  due  to  the  varying  gas  pressure 
in  the  mains  from  which  the  dirty  gas  was  taken,  varied 
through  wide  ranges  from  10  ft.  to  48  ft.  per  second 
in  the  8-in.  diameter  pipe. 

The  Apparatus. 

With  the  apparatus  shown  in  Fig.  1,  the  dust  col- 
lecting chamber  (7)  would  collect  as  much  as  75  pounds 
of  flue  dust  in  an  hour.  The  inner  wall  of  the  grounded 
electrode  pipe  (2)  showed  a  clearly  defined  marking 
due  to  the  scouring  action  of  the  swirling  dust,  and 
this  marking  extended  to  the  lower  end  of  this  pipe. 
Electric  current  was  supplied  by  a  5-kw.,  50,000-volt, 
dc.  generator  of  the  Girvin  type.  This  generator  gave 
practically  a  sustained  voltage  and  current  wave  so 
that  all  dust  particles  were  charged  to  a  definite  volt- 
age and  at  a  definite  polarity.  The  combined  action 
of  the  centrifugal  header  supporting  the  stationary 
vanes  (5),  and  the  screw  thread  discharge  electrode  (8) 
was  as  follows : 

The  gas  was  free  to  expand  radially  inward  at  the 
lower  edge  of  the  six-in.  dia.  sleeve  to  which  the  sta- 
tionary vanes  (5)  were  fastened.  The  carrying  ca- 
jjacity  of  gases  is  sometimes  remarkable,  and  in  this 
case  such  inwardly  expanding  gas  carried  with  it  a 
portion  of  the  finer  dust  particles  of  ore  and  coke,  and 
these  particles  by  impingement  upon  the  discharge 
electrodes,  by  the  action  of  the  electric  wind  from  the 
screw  threads  and  collision  with  previously  charged 
particles,  became  charged  with  a  definite  polarity,  and 
as  such  now  constituted  ionic  dust  streams  which  were 
driven  into  the  swirling  and  scouring  dust  streams 
along  the  inner  wall  of  pipe  (2).  At  the  upper  edge  of 
the  clean  gas  discharge  pipe  (3),  the  annular  dust 
stream  along  the  inner  wall  of  pipe  (2)  was  sheared 
oft  from  the  central  core  or  column  of  clean  gas,  and 
was  collected  within  the  chamber  (7).  The  corona 
discharge  from  the  rigid  discharge  electrode  (8)  was 
very  uniform  and  intense,  and  the  corona  forming 
voltage  and  working  voltage  could  be  controlled  very 
niceh'. 

Remarkable  cleaning  efficiency  of  the  centrifugal 
header  acting  by  itself  and  made  up  of  the  pipe  sleeve 
(4)  and  the  stationary  vanes  (5)  of  Fig.  1,  and  apart 
from  an  electrical  equipment  such  as  the  discharge 
electrode  (8)  and  its  associated  insulator  and  other 
structures,  suggested  a  mechanical  type  of  gas  cleaner, 
with  a  wide  range  of  possible  aj)i)lications.  This  type 
of  mechanical  gas  cleaner  with  many  modifications  in 
structural  form  and  method  of  isolating  the  dust  from 
the  clean  gas,  was  suggested  by  one  of  my  associates. 
Mr.  Frank  R.  McGee.  Chief  Mechanical  Engineer  of 
the  Carnegie  Steel  Works,  at  Mingo  Jvmction,  Ohio. 
Patents  covering  these  ideas  have  been  issued  to  Mr. 
McGee  and  other  patentable  material  is  under  con- 
sideration or  pending. 

Mechanical  Gas  Cleaner. 

The  a])paratus  of  Fig.  1  was  stripped  completely  of 
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the  electrical  system,  and  provision  was  made  for  many 
adjustments  of  the  position  of  the  centrifugal  head 
relative  to  the  annular  dust  trap,  the  nozzle  opening 
between  the  vanes,  etc.,  and  a  series  of  tests  made 
with  this  altered  structure. 

Any  dust  which  passed  out  of  this  cleaner  discharge 
pipe  was  collected  by  means  of  an  electrical  precipita- 
tor, except  such  dust  as  settled  or  was  trapped  in  the 
short  pipe  connections  between  this  structure  and 
the  precipitator.  The  dust  collected  in  the  chamber 
(7)  of  this  apparatus  (see  Fig.  1)  was  weighed,  and 
the  total  dust  collected  in  the  precipitator  and  connect- 
ing pipes  was  weighed.  During  these  tests  the  elec- 
trical precipitator  was  operated  so  as  to  collect  all 
dust  that  passed  through  the  centrifugal  cleaner  and 
the  connecting  pipes.  The  ratio  of  the  weight  of  flue 
dust  caught  by  the  annular  trap,  to  the  total  weight  of 
dust  passing  through  the  centrifugal  cleaner,  gave  val- 
ues as  high  as  97j4  per  cent,  as  the  efficiency  of  this 
type  of  cleaner  in  single  units.  These  results  could  be 
repeated  at  will. 

A  rather  exhaustive  series  of  tests  were  conducted 
with  apparatus  similar  to  that  shown  in  Fig.  1  and  with 


tern  was  well  warmed  up,  for  each  day's  run,  the  water 
vapor  condensed  in  the  apparatus  was  collected  along 
with  the  dust  and  formed  a  wet  mud  in  the  collecting 
chamber. 

Even  though  the  unsettled  conditions,  which  have 
efJFected   business   and  the   industries   since   the  world 


-Multiple  unit  combined  electrical  and  centrifugal 
cleaner. 


pipes  (2)  as  large  as  16  inches  inside  diameter.  The 
results  were  in  everyway  comparable  with  those  using 
the  8-in.  diameter  pipe  structure  of  Fig.  1.  During  the 
coldest  weather  of  the  winter  of  1917-1918,  the  16- 
gauge  galvanized  iron  pipes  which  were  over  100  feet 
long  and  supplying  dirty  gas  to  the  cleaner  were  ex- 
posed to  atmospheric  temperatures,  and  until  the  sys- 


Fig.  3 — Multiple  imit  centrifugal  cleaner. 

war,  have  given  rise  to  regretable  delays  and  interrup- 
tions toward  reaching  a  final  form  of  this  centrifugal 
type  of  structure  for  cleaning  blast  furnace  gas,  the 
work  is,  however,  going  on  as  rapidly  as  possible.  Apart 
from  work  which  has  been  done,  up  to  date,  at  Mingo 
Junction.  Ohio,  the  writer  has  been  in  close  touch 
with,  or  actually  conducted  man\'  additional  tests  with 
hot  and  cold  gases  which  have  contained  solid  and 
liquid  particles,  which  have  difi:'ered  widely  as  to  their 
physical  and  chemical  characteristics. 

Research  Work  on  Pitchy  and  Tarry  Products. 

Tests  which  the  writer  has  made  with  unit  cleaners 
of  this  type  have  taken  pitch  and  tarry  gases  cooled 
to  temperatures  as  low  as  from  36  to  13  deg.  C,  and  by 
slowly  passing  steam  through  a  concentric  jacket  sur- 
rounding the  pipe  (2)  of  Fig.  1,  the  tar  and  pitchy 
products  which  had  been  thrown  out  against  the  inner 
wall  of  this  pipe  (2)  was  kept  on  the  move,  along  with 
the  water  particles  also  present  in  the  dirty  gas  stream, 
and  both  were  thrown  through  the  trap  into  the  collect- 
ing chamber.  This  steam  jacketing  effect  upon  the 
inner  wall  was  made  only  large  enough  to  keep  the 
layer  of  tarry  and  water  particles  in  a  thin  layer  and 
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on  the  move  and  so  as  not  to  produce  an  appreciable 
re-evaporation  of  these  particles.  For  the  automatic 
removal  of  pitchy,  tarry  and  other  distillate  products, 
which  would  freeze  to  the  pipe  and  the  centrifugal 
header  at  these  low  temperatures,  it  is  necessary  to  de- 
sign the  header  so  that  it  may  be  fed  with  stream  or 
circulating  water  and  properly  drained. 

Description  of  Multiple  Unit  Combined  Electrical 
and  Centrifugal  Gas  Cleaners. 

Fig.  2  represents  one  ])r()posed  form  of  combined 
electrical  and  mechanical  gas  cleaner,  made  up  of  a 
multi])le  grouping  of  individual  units.  The  gas  enters 
the  distributing  chamber  B  and  passes  down  through 
the  individual  cleaner  units,  the  operation  of  each  one 
of  which  is  identical  with  that  outlined  for  Fig.  1. 

The  electrical  system  of  Fig.  2  is  very  rigid  and 
compact,  and  equipped  with  an  electrode  system  ot 
short  co-operating  length,  suppdi/es  an  intense  and 
almost  solid  static  electric  field  through  which  the  gas 
and  its  dust  must  pass.  This  short  electrode  system 
is  particularly  valuable,  so  that  the  swirling  action 
may  not  be  materially  weakened  due  to  a  long  travel, 
until  the  dust  and  other  particles  are  safely  sheared  ofT 
from  the  central  clean  gas  column. 

In  this  structure  of  Fig.  2,  the  individual  dust  traps 
are  properly  connected  and  one  communicating  dust 
chamber  C,  so  designed  that  the  discharge  of  the  col- 
lected dust  maj-  be  made  automatic.  All  of  the  clean 
gas  outlet  pipes,  from  these  individual  cleaner  units, 
discharge  into  one  clean  gas  chamber  D,  from  which 
one  discharge  outlet  is  shown.    In  both  figures  (1)  and 


Fig.  4 — By-product  recovery. 


(2),  the  pressure  relief  valves  (9)  and  (43)  respective- 
ly, make  provision  for  keeping  the  gas  pressure  in  the 
dust  collecting  chamber  of  such  a  value  as  to  avoid  a 
back  pressure  against  which  the  dust  must  be  dis- 
charged through  the  traps,  or  to  avoid  a  dead  air  space. 
This  pressure  relief  system  may  be  preferably  such  as 
to  recirculate  such  a  portion  of  the  gas  as  may  be 
found  necessary  for  the  results  required.  This  provi- 
sion is  made  in  Figs.  2  and  3. 


Description  of  Multiple  Unit  Centrifugal 

Gas  Cleaner. 

Unit  cleaners,  of  the  type  shown  in  Fig.  (1),  with 
properly  associated  concentric  jackets  for  steam,  or 
refrigerating  brines,  but  stripped  of  the  electrical  sys- 
tem, do  not  remove  as  completely  the  dusts,  tar  and 
other  fogs  constituting  the  recoverable  contents  of  the 
gas,  as  may  be  done  by  the  use  of  the  combined  elec- 


Fig.  5 — Evtraction  of  naphtha  from  natural  gas. 

trical  and  mechanical  cleaners.  The  strictly  mechani- 
cal unit  cleaners  are  free,  however,  from  the  attend- 
ant disadvantages  always  present  when  using  electrical 
systems,  and  they  yield  such  a  high  percentage  of 
recovery  as  to  suggest  a  successive  stage  refrigerating 
type  of  apparatus,  as  will  be  shown  later  in  this  article. 
Fig.  (3)  shows  a  mechanical  cleaner,  in  substance, 
identical  with  that  of  Fig.  (2),  when  the  electrical  sys- 
tem of  the  latter  has  been  removed  and  the  structure 
correspondingly  simplified.  In  Fig.  (3),  A  is  the  ad- 
mission chamber  for  the  dirty  gas.  The  multiple 
grouping  of  the  individual  centrifugal  cleaning  units 
discharge  the  dust  and  clean  gas  into  their  appropriate 
collecting  chambers,  B  and  C  just  as  was  the  case 
with  the  combined  cleaner  of  Fig.  2. 

In  the  suggested  forms  and  groupings  of  cleaner 
units  for  the  special  problems  which  follow,  each  par- 
ticular problem  will  have  its  own  peculiar  difficulties 
to  be  met  and  overcome.  Modifications  and  refine- 
ments will  necessarily  have  to  be  made  in  order  to  do 
the  work  required  and  these  probable  difficulties  which 
may  suggest  themselves  in  advance  of  actual  tests 
may  not  be  insurmountable. 

In  addition  to  the  applications  suggested  in  the  fol- 
lowing paragraphs,  the  centrifugal  structure  is  espe- 
cially well  adapted  as  a  steam  separator,  an  air  dryer 
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in   compressor   system,   a    collector   of  saw   dust    and 
dusts  from  grinding  and  other  processes. 

Suggested  Cleaners  for  Removing  Ash  from  Hot 
Powdered  Coal  Combustion  Gases. 

It  is  entirely  possible  to  design  and  build  a  structure 
which  will  meet  the  extreme  demands  of  removing  the 
ash  dust  from  hot  powdered  coal  combustion  gases 
previous  to  the  admission  of  these  hot  gases  into  an- 
nealing and  pottery  ovens. 

The  feasibility  of  this  structure  was  carefully  con- 
sidered by  the  engineers  of  one  of  the  tin  plate  com- 
panies and  one  of  the  manufacturers  of  high  grade  re- 
fractory material,  and  it  was  thought  to  have  possi- 
bilities worth  determining  not  only  for  their  own  indi- 
vidual needs,  but  for  use  in  chemical,  metallurgical, 
glass,  cement  and  other  industries  where  the  contam- 
ination due  to  the  ash  is  prohibitive. 

Collection  of  Ash  from  Stack  Gases  at  Power 
and  Other  Plants 

A  multiple  unit  structure  along  the  lines  suggested 
by  Fig.  3  should  serve  admirably  to  collect  the  ash  from 
powdered  coal  combustion  gases,  the  collection  being 
made  after  the  gases  have  passed  through  the  furnace 
or  boiler  and  before  they  enter  the  stack  or  chimney. 

The  Recovery  of  Cement  Dust  from  Hot  Cement  Kiln 
Gases,  and  the  Simultaneous  Extraction  of  the  Heat 
In  the  Gases  and  Dust  for  the  Development  of 
Steam  In  Special  Waste  Heat  Boilers. 

This  application  offers  a  very  promising  field  for 
this  mechanical  type  of  gas  cleaner.  A  further  develop- 
ment of  this  idea  suggests  a  single  unit  waste  heat 
test  boiler  for  this  purpose,  into  which  the  hot  kiln 
gases  enter  at  1,200  deg.  F.  to  1,400  deg.  F.  and  the  cen- 
trifugal header  throws  them  into  a  thin  helical  swirl- 
ing stream  against  the  inner  wall  of  a  water  jacketed 
pipe. 

One  of  the  chief  difficulties  encountered  in  passing 
hot  cement  kiln  gases  through  the  present  types  of  fire 
tube  and  water  tube  boilers,  is  that  the  straight  flow 
of  the  gases  through  the  fire  tubes,  or  the  torturous 
passage  through  a  nest  of  water  tubes,  is  very  favor- 
able to  the  freezing  of  the  hot  dust  to  the  comparatively 
cold  surfaces  of  these  tubes. 

Recovery  of  Ash  and  Earthy  Matter  From 

Producer  Gas 

Judging  from  the  ease  with  which  the  coke  dust 
may  be  collected  simultaneously  with  the  ore  dust 
from  blast  furnace  gas,  these  two  dusts  being  in  the 
same  proportion  that  exists  in  the  dust  collected  in 
the  dust  legs,  and  the  collection  of  many  other  finely 
powdered  dusts  by  this  apparatus,  there  is  every  rea- 
son to  believe  that  simple  groupings  of  individual  cen- 
trifugal cleaning  units  should  serve  very  satisfactorily 
for  removing  by  a  dry  method  even  at  high  tempera- 
tures, the  ash,  earthy  and  other  undesirable  solid  par- 
ticles from  producer  gas  preparatory  to  its  use  as  a 
fuel  in  ovens,  metallurgical  processes  and  in  the  manu- 
facture of  glass. 
The  Recovery  of  Soft  Coal  By-Products. 

Another  application  of  the  centrifugal  jacketed 
units  might  well  be  designed  for  a  series  stage  by  stage 
successive  recovery  of  several  of  the  soft  coal  by-prod- 
ucts as  suggested  by  Fig.  4. 

Extraction  of  Naphtha  from  Natural  Gas. 

Fig.  5  suggests  the  application  of  this  type  of  single 


centrifugal  jacketed  unit  to  the  extraction  of  naphtha 
from  natural  gas.  It  is  believed  that  this  apparatus  or 
modifications  of  it  may  be  well  suited  for  portable  or 
other  systems  which  may  be  used  in  weak  pressure  gas 
fields,  where  the  gas  supply  is  too  small  to  warrant 
the  installing  of  piping  and  pumping  systems. 


Fig.  6 — Contact  process  of  making  H^SO,. 

The  Manufacture  of  Sulphuric  Acid. 

A  proposed  combination  of  centrifugal  units  of  this 
type  is  shown  in  Fig.  6.  and  is  equally  well  adapted  to 
the  manufacture  of  sulphuric  acid  by  the  contact  pro- 
cess, as  by  the  chamber  process.  Other  fields  of  ap- 
plication for  this  type  of  mechanical  gas  cleaning  ap- 
paratus, than  those  here  mentioned  will  suggest  them- 
selves to  the  engineer,  chemist  and  others. 

Disadvantages  and  Advantages  of  the  Types  of 
Cleaners  Here  Described. 

The  combined  alcctrical  and  mechanical  apparatus 
or  the  electrical  precipitation  apparatus  by  itself,  have 
their  chief  disadvantages  appear  as  leakage,  sparkover 
and  possible  danger  from  high  voltages.  These  ele- 
ments, it  is  believed,  are  guarded  against  as  far  as  it 
is  possible  to  do  so,  in  the  apparatus  suggested  in  this 
article.  They  are  of  simple  and  rugged  construction ; 
the  insulators  ai-e  in  clean  gas  regions ;  the  electrode 
systems  are  practically  free  from  vibration  and  easily 
kept  in  alignment :  the  combined  action  of  the  centrifu- 
gal head  and  the  electric  field  make  the  most  efficient 
type  of  gas  cleaner  known. 

Some  of  the  advantages  of  the  strictly  mechanical 
or  centrifugal  unit  systems  of  cleaners  are : 

(a)  Thev  are  simple  and  rugged  in  construction. 

(b)  Low  first  cost  and  low  cost  of  operation. 

(c)  Continuous  and  automatic  in  operation. 

(d)  Require  little  or  no  attention. 

(e)  Makes  possible  the  cleaning  of  gases  at  wide 
ranges  of  gas  velocity,  and  depending  upon  the  proper- 
ties of  the  particles  to  be  collected. 
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An  Investigation  and  Discussion  of  Slag 
Formation  on  Boiler  Tubes 

Conclusions  Arrived  at  After  Extensive  Tests — Boiler  Operation 
and  Methods  of  Preventing  Slag  Formation  on  Boiler  Tubes. 

By  HARRY   H.  BATES* 


THE  trend  of  recent  boiler  and  stoker  development 
is  toward  the  extremely  large  units,  which  are 
t)perated  at  capacities  far  beyond  those  that  were 
considered  normal  a  few  years  ago.  The  fact  is  that  it 
is  a  daily  occurrence  to  hear  of  boiler  stations  operating 
at  300  per  cent  of  rating  or  more,  and  it  is  by  no  meins 
unusual  that  400  per  cent  of  the  rated  capacity  and  more 
are  reached. 

These  large  boiler  and  stoker  units  with  their  large 
grate  areas  and  high  gas  velocities  caused  by  high  capa- 
cities, have  brought  about  problems  that  have  reached 
considerable  magnitude  in  the  combustion  field  of  engi- 
neering. Most  of  these  problems  have  existed  ever  since 
coal  has  been  used  for  fuel  purposes  for  steam  generation, 
but  until  quite  recently  the  small,  easily  accessible  units 
used  did  not  serve  to  indicate  the  extent  of  the  trouble 
that  w'ould  be  involved.  With  the  introduction  of  the 
large  units  it  has  become  necessary  to  study  these  prob- 
lems, and  experiment  in  furnace  construction  in  order  to 
eliminate,  as  far  as  possible,  the  difficulties  encountered. 

One  of  the  most  serious,  as  well  as  most  baffling,  of 
these  problems  is  the  formation  of  slag  on  boiler  tubes. 
That  this  is  a  problem  that  can  become  serious  is  shown 
on  Fig.  1,  and  it  is  to  be  stated  that  the  slag  shown  was 
deposited  in  less  than  one  week  of  operation,  in  spite  of 
all  the  care  and  work  done  in  attempting  to  remove  it. 

To  determine  the  exact  means  by  which  the  material 
is  deposited  and  the  chemical  reactions  that  actually  take 
place  is  a  very  difficult  task,  but  after  si.x  months'  investi- 
gation of  the  subject,  certain  deductions  were  arrived  at. 
During  the  entire  investigation  it  was  constantlv  borne  in 
mind  that  to  effectively  overcome  the  slag  problem  it 
would  first  be  necessary  to  establish  the  cause  of  its 
formation,  how  it  is  carried  up  to  the  tubes,  and  the  form 
in  which  it  is  deposited. 

The  Similarity  of  Causes  of  Clinker  and  Slag. 

In  discussing  the  problem  of  slag  formation  on  boiler 
tubes,  it  is  well  that  a  brief  discussion  be  given  on  the 
formation  of  clinkers  in  the  furnace  itself.  The  slag 
found  on  the  boiler  tubes  and  furnace  walls  is  of  the 
same  material  as  the  clinker  that  is  discharged  from  the 
furnace,  and  the  causes  of  one  are  to  a  large  extent  the 
causes  of  the  other. 

The  principal  constituents  of  ash  are  silicon  dioxide 
(Si02)(  aluminum  oxide  (ALO.~),  ferrous  oxide  (FeO), 
ferric  oxide  (Fe^Oa)  and  lime  (CaO).  There  are 
other  materials  present,  but  they  are  in  such  small  quan- 
tities that  their  presence  and  effect  are  practically  negli- 
gible and  will  not  be  discussed  in  this  paper.  Table  1 
shows  the  atomic  weights  of  the  principal  constituents  of 
ash  as  well  as  their  fusing  tenijieratures. 


TABLE  1— rRlXCIPAL  CONSTITUENTS  OF  ASH   .AND 
THEn<  FUSING  TEMPERATURES 


Oxide 

formula 

Atomic  IVts. 

Dcq.  F. 

."silicon  dioxide.  . 

SiO„ 

60.30 

3227 

Aluminum  oxide 

A1.,0, 

102.20 

,M16 

Ferrous  oxide.    . 

i-\>o 

71.84 

2.586 

Ferric  oxide. .  .  . 

Fe.O., 

139.68 

2840 

Lime 

CaO 

5607 

3452 

Table  1  is  of  particular  interest  because.  wMth  the  one 
exception  of  ferrous  o.xide,  there  is  not  one  of  the  princi- 
pal oxides  of  which  the  ash  is  composed  that  will  fuse  at 


♦.Assistant    Engineer.     Stoker     Department    Westinghouse 
Electric  Mfg.  Co.,  Philadelphia,  Pa. 


Fig.   1    -Accumulation   of  slag  on  horizontal  water  tubes 
so  heavy  boiler  became  inoperative. 

ordinary  furnace  temperatures  alone.  It  is  when  these 
oxides  are  heated  in  intimate  contact  with  each  other 
that  the  real  clinker  forming  jiroperties  present  them- 
selves. The  basic  oxides  act  as  flu.xes  on  the  silica  ]ires- 
ent  with  a  lowering  of  the  fusing  temperatures  of  the 
combined  material.  The  fusing  temperature  is  depend- 
ent upon  the  oxides  that  are  brought  in  contact  with  the 
silica  and  the  proportion  of  each.  These  basic  oxides, 
together  with  the  silica,  form  nionosilicates  of  the  gen- 
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eral  form  of  CaO  fSiO.),  etc.  These  monosilicates  have 
a  very  much  lower  fusing  temperature  than  the  oxides  of 
which  they  are  composed.  As  an  example  of  this  flu.x- 
ing  action,  pure  silica  fuses  at  3227  deg.  F.,  pure  ferrous 
oxide  fuses  at  2586  deg.  F.,  but  ferrous  silicate  fuses  at 


Fig.  2 — Action  of  slag  on  boiler  walls  and  tubes.  Note  the 
erosion  of  walls  where  C.  I.  hangers  supported  soot  blower 
element. 

2318  deg.  F.  If  lime  is  added  to  this  silicate  in  various 
proportions  the  fusing  temperature  may  be  anything 
down  to  2066  deg.  F.  From  the  above  it  may  be  said 
that  ferrous  silicate  alone,  or  in  combination  with  lime 
up  to  about  40  per  cent  of  the  total  ash,  will  give  a  fusing 
temperature  well  below  ordinary  furnace  temperatures. 

Tests  made  by  the  United  States  Geological  Survey 
indicate  that  the  tendency  of  ash  to  clinker  is  increased 
as  the  per  cent  of  iron  mcreases,  but  this  may  not  be  true 
invariably. 

Iron  combines  with  the  silica  in  the  form  of  ferrous 
or  ferric  oxides,  but  not  in  the  form  of  sulphides ;  how- 
ever, it  is  only  a  matter  of  supplying  heat  and  o.xygen  to 
convert  the  iron  into  its  ferric  state. 

The  per  cent  of  sulphur  found  in  an  ultimate  analy- 
sis of  coal  is  frequently  blamed  for  the  excessive  forma- 
tion of  clinkers,  but  sulphur  is  not  a  slag  forming  mate- 
rial in  itself.     It  is  usually   found  in  the  fuel  as 
sulphates    or    pyrites,    which    is    ferric    sulphide. 
The  sulphates  are  not  troublesome  to  a  great  de- 
gree,  but  the  larger  portion   is   in   the   form   of 
pyrites  and  it  is  the  iron  in  this  combination  that 
really  is  the  disturbing  factor. 

The  United  States  Bureau  of  Mines  has  made 
an  extensive  research  of  the  sulphur  forms  in 
coals.  Table  2  gives  the  relative  proportions  of 
the  several  forms,  as  obtained  from  their  Tech- 
nical Paper  No.  254,  by  A.  R.  Powell. 

It  will  be  noted  that  the  pyritic  sulphur  com- 
prises from  40  per  cent  to  60  per  cent  of  the 
total  sulphur,  except  in  the  Pocahontas  and  Elk- 
horn  coals,  and  these  coals  are  generally  con- 
sidered very  high  grade  steaming  coals  and  give 
a  mininunn  of  clinker  trouble.  If  sulphur 
accompanies  the  mixture  it  retains  its  form  as 
ferrous  sulphide  and  this  material,  in  conjunction 
with  silicious  matter,  makes  an  even  more  easily 
fusible  mass  than  those  alread}'  given. 

Relation  of  Clinker  Forming  Properties  of  Ash 
to  Formation  of  Slag  on  Boiler  Tubes. 

The   above   discussion   of   clinker    formations 
also  applies  almost  in  its  entirety  to  slag  forma-    pj„    3_ 
tions  on  boiler  tubes  and  walls.     The  condition        with 
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Pyritic  sulphur   .  . 

.47 

.79 

.OS 

.13 

1.75 

199 

Sulphate 

sulphur . 

.07 

.23 

.01 

.04 

.71 

.32 

Organic 

sulphur. . 

.62 

.66 

.46 

.51 

1.78 

.71 

Total   su 

Iphur .  .  .  . 

1.16 

1.68 

.55 

.68 

4.24 

3  02 

Per  cent 

of  Pyrites 

in  total 

sulphur .  . 

40.5 

47.0 

14,5 

19.1 

41.3 

66  0 

is  suggested  that  the  iron  must  be  kejit  in  its  ferric  state, 
which  is  ]iractically  infusible.  This  can  only  be  done  by 
completely  oxidizing  the  sulphur  and  iron  before  the 
tubes  are  reached.  No  free  oxygen  passes  through  a 
well  broken  up  lire.  (  United  States  Bureau  of  Mines, 
Technical  Paper  139,  and  Bulletin  135.)  Unless  excess 
air  is  added  over  the  fire  an  incomplete  combustion  of 
carbonaceous  matter  and  other  oxidizable  substances 
results.  For  this  reason  it  can  be  considered  with  rea- 
sonable surety  that  complete  oxidation  of  all  slag  form- 
ing constituents  cannot  be  accomplished  \\ithin  the  limits 
of  the  fuel  bed  proper.  The  inherent  characteristic  of 
the  underfeed  type  of  stoker  to  burn  fuel  more  ranidly 
ove  the  tuyere  rows  than  over  the  retorts  aids  materially 
in  supplfing  the  required  distribution  of  oxygen  for  the 
complete  oxidation  of  all  oxidizable  matter,  but,  even 
with  this  type  of  stoker,  slag  formations  on  the  tubes 
and  furnace  walls  are  a  serious  problem  with  some  coals. 

It  can  here  be  said  that  all  types  of  stokers,  under- 
feed, overfeed  and  chain  grates,  have  difficulty  with  slag 
formations.  Even  a  low  velocity  gas  from  a  quiet  fire 
on  a  natural  draft  stoker  will  carry  quantities  of  this 
slag  with  it  and  deposit  it  on  the  tubes  and  walls. 

How  Slag  Is  Conveyed  to  and  Deposited  on  the 
Tubes  and  Walls. 

The  above  facts,  especially  those  concerning  the  slag 
being  carried  to  the  tubes  at  all  boiler  ratings  and  gas 
velocities,  suggest  that  the  slag  particles  are  carried  up 


-Slag  formation   on   vertical  water   tubes,   showing   left   side   tubes 
slag  scraped  clear  and  right  side  tubes  with  slag  knocked  down. 
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with  the  draft  in  such  minute  form  that  they  can  be  car- 
ried with  the  low  velocity  gas  as  well  as  the  gas  that  rises 
rapidly.  An  examination  of  the  slag  under  the  micro- 
scope revealed  small  spherical  globules  which  substan- 
tiated the  belief  that  the  particularly  troublesome  par- 
ticles were  the  small  ones. 

When  these  little  particles  come  in  contact  with  the 
free  oxygen  in  the   furnace  gas  for  a  sufficient  time  to 


Fig.   4 — Slag   formation   which   badly   interferes   with 
passage  of  gases. 

completely  oxidize  them  they  will  be  transformed  into 
their  completely  oxidized  state  and  become  solid.  If  they 
solidify  before  touching  the  tubes  or  walls  they  are  car- 
ried through  the  boiler  as  solid  ash.  On  the  other  hand, 
it  has  already  been  pointed  out  that  no  free  oxygen  is 
obtained  through  the  fuel  bed.  In  this  event  the  par- 
ticles remain  in  a  molten  condition,  on  account  of  their 
low  fusing  temperature  in  their  -ous  state,  and  are  de- 
posited on  the  tubes  and  walls  where  they  may  either  be 
completely  oxidized  and  solidified  or  be  covered  by  suc- 
cessive coatings  or  layers  of  the  same  plastic  material. 
That  the  latter  is  true  to  a  large  extent  is  shown  by  lay- 
ers of  a  very  dark  vitreous  material  covered  by  a  reddish 
brown  layer  or  potective  coating.  This  reddish  coating 
is  largely  ferric  material  and  it  prevents  further  oxida- 
tion of  the  dark  ferrous  material  within  by  excluding  the 
oxygen  from  it.  A  considerable  portion  of  the  material 
on  the  outer  surface,  especially  on  the  tubes,  is  of  a  fri- 
able and  non- fusible  character,  and  it  is  of  a  completely 
oxidized  nature. 

Devices  for  Admitting  Excess  Air  to  the  Furnace 

Gases  and  Their  Effect. 

A  number  of  manufacturers  of  stokers  and  stoker 
auxiliary  equipment  have  produced  equipment  for  sup- 
plying excess  air  over  the  fire  in  order  to  completely 
burn  combustible  gases.  They  have  undoubtedly  accom- 
plished some  beneficial  results,  but,  even  now,  there  is 
yet  considerable  research  and  experimental  work  to  be 


done  on  the  extra  large,  super-power  station  type  of  boil- 
ers. The  extreme  size  of  these  furnaces  make  correct 
distribution  of  air  to  the  furnace  an  extremely  difficult 
problem  to  solve.  The  nearest  approach  to  a  suitable 
device  so  far  developed  is  an  installation  with  perforated 
cast  iron  air-  distributing  boxes  above  the  throat  of  the 
stoker. 

Another  type  of  equipment  frequently  used  for  this 
same  purpose  is  the  ventilated  wall  of  perforated  fire 
brick.  This  method  is  satisfactory  for  the  ordinary  size 
of  furnace,  but  for  the  larger  units  a  very  strong  jet 
action  is  required  to  force  the  air  to  penetrate  the  rapidly 
rising  volume  of  gas  to  a  distance  sufficient  to  oxidize 
the  particles  in  the  center  of  the  gas  passage.  These  de- 
vices serve  well  for  protecting  the  boiler  walls,  but  can 
not  be  considered  as  suitable  for  slag  prevention  in  large 
furnaces. 

Even  if  some  efficient  means  is  developed  for  mi.xing 
{he  gas  and  excess  air  together,  it  is  very  questionable 
whether  the  slag  difficulty  will  be  entirely  overcome.  It 
is  to  be  remembered  that  in  addition  the  ]>rol)Icm  of  sup- 


Fig.  5 — Another  typical  illustration  of  serious  slag  formation 
on  horizontal  water  tubes. 

plying  and  mixing  the  oxygen  and  combustible  gases,  time 
is  required  for  the  various  cliemical  reactions  to  take 
place. 

There  is  but  little  chance  for  thoroughly  mixing  all 
gases  in  the  combustion  chamber,  as  the  rapid  rate  with 
which  the  gases  ascend  prevent  a  thorough  mixing  and 
a  stratification  of  the  gases  results.  An  illustration  of 
this  is  shown  on  Chart  I.  These  figures  are  values  of 
CO,  from  gas  samples  taken  under  every  second  tube 
and  at  2- foot  intervals  along  the  tubes  vertically  balifled. 

These  readings  showed  a  carbon  dioxide  content  of 
from  10.0  per  cent  along  the  walls  to  17.5  per  cent  in  the 
center.  From  these  figures  it  can  be  appreciated  that  the 
chances  for  the  ferrous  material  to  change  into  the  ferric 
state  are  very  few.  It  was  very  evident  that  there  was 
an  insufficient  penetrative  effect  from  the  ventilated  walls 
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ANALYSES  OF  SAMPLES  TAKEN  FROM  FIRST  PASS 


BAFFLE  OPENING   IMMEDIATELY   UNDER 


Tube 

No.    41 

CO,  10.6 

10.1 

10.0 

11.9 


THE  FIRST   ROW  OF  TUBES 


37 
11.0 

12.0 
12. S 
10.5 


31 

11.4 
14.0 
IS.  5 
14.9 


27 
15.0 
16.0 
16.5 
15.7 


23 
15.3 

17.5 
17.8 
17.9 


19 
16.2 

13.4 
13.0 
14.3 


15 

13.0 
13.0 
14.5 
14.0 


11 
12.4 
12.8 
13.7 
14.3 


7 
13.4 

12.8 
10.2 
n.4 


3 

10.5 
13.0 
13.7 
10.6 


to  take  care  of  the  wide  furnace,  and  also  it  is  noted  that 
there  was  considerable  excess  air  along'  the  walls. 

Composition  of  the  Slag  on  the  Tubes  and 
Furnace  Walls. 

Xunierous  samples  of  coal,  ash,  and  slag  were  an- 
alyzed, the  last  of  which  are  particularly  interesting  be- 
cause they  corroborate  the  above  conclusions. 

Table  No.  3  gives  a  typical  analysis  of  the  slag  taken 
from  both  the  boiler  tubes  and  the  furnace  walls. 

TABLE  3— TYPICAL  ANALYSES  OF  SLAG 
Sample  of  Slag  Taken  from  Furnace  IValls 

Ferrous  iron   8.26'/c! 

Ferrous  iron  calculated  to  ferric  iron 9.18 

Ferric  iron,  found  as  such 6.71 

Total   iron    15.89 

Ratio  of  ferrous  iron  to  total  iron 57.7 

Sample   of  Slag   Taken  front  Boiler  Tubes 

Ferrous  iron   3.23% 

Ferrous  iron,  calculated  to  ferric  iron 3.58 

Ferric  iron,  found  as  such 8.21 

Total   iron    8.71 

Ratio  of  ferrous  iron  to  total  iron 29.1 


Chart  I 
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FURNACE    TEMP    Z400*P    To    2700*  F 


AtCTION    or  SOtLCR.   wrTH    LOWCK 
TUBtS     PL^^CtD    ONt    AQOVC    T\V.    OrTMC« 


It  is  interesting  to  note  that  the  slag  on  the  furnace 
walls  ran  much  higher  in  ferrous  iron,  by  per  cent,  tiian 
did  the  slag  on  the  tubes.  In  consequence  of  this  the 
slag  on  the  walls  was  much  freer  from  the  coarse  friable 
infusible  material  than  was  the  material  on  the  tubes. 
The  hard  vitreous  appearance  of  the  slag  on  the  walls 
gave  evidence  of  having  been  there  in  a  molten  and  flow- 
ing condition  until  such  time  as  the  furnace  was  cooled 
below  the  fusing  temperature  of  the  mass.  The  smooth 
appearance  of  the  wall  shown  on  Fig.  2  as  compared 
with  the  rough  material  on  the  tubes,  shown  on  Fig.  2, 
further  verifies  this  point. 

Numerous  theories  were  advanced  during  this  investi- 
gation as  to  the  causes  of  slag  formation  oii  the  tubes. 
Chief  among  these  was  the  condensation  of  tarry  vapors 
on  the  tubes  to  which  the  flying  particles  could  adhere 
and  solidify.  It  is  true  that  the  coal  contained  a  high 
percentage  of  volatile  matter  and  was  rich  in  tars,  but 
that  this  had  a  material  effect  in  the  formation  of  the 
slag  is  highly  improbable.  If  tarry  vapors  existed  in 
the  ascending  gases  and  actually  condensed  on  the  tubes 


any  coating  on  the  tubes  would  be  extremely  thin.  Tars 
are  fairly  good  heat  insulators  and  only  a  very  thin 
coating  of  tar  would  form  before  it  would  begin  to  burn 

Chart  II — Showing  rate  of  slag  formation  which  is  shown 
at  end  of  test  run  in  Fig.  1. 


away  when  subjected  to  the  furnace  temperature,  which 
at  times  was  2800  deg.  F.  to  3000  deg.  F.  Even  if  the 
lack  of  temperature  permitted  the  film  of  tar  to  form  on 
the  clean  external  surface  of  the  tubes,  the  insulating 
effect  of  a  very  thin  layer  of  slag  would  prevent  further 
condensation  of  tar.  That  this  did  occur  was  borne  out 
by  the  fact  that  only  about  1/16  in.  to  ^J^  in.  of  the  slag 
on  the  tubes  remained  there  in  a  completely  frozen  state. 
The  melting  point  of  the  slag  was  2138  deg.  F.,  which 
is  iBuch  above  the  vaporizing  temperatures  of  any  tars 
in  the  fuel  and,  consequently,  a  condensation  of  these 
tars  would  be  impossible. 

As  commonly  found  in  furnaces  of  all  kinds,  a  con- 
siderable amount  of  visible  solid  particles  were  carried 
up  with  the  rising  gases.  On  the  clean  tubes  these  did 
not  appear  to  have  any  effect,  as  they  simply  struck  the 
tubes  and  rebounded,  sometimes  falling  back  in  the  fur- 
nace, or  were  carried  through  the  boiler  with  the  gases. 
Chart  II  is  interesting  in  that  it  shows  how  rapidly  the 
draft  loss  increased  across  the  two  lower  rows  of  tubes, 
after  an  adhesive  coating  of  molten  slag  had  formed  on 
the  under  sides  of  the  tubes.  After  this  coating  had 
formed  a  great  portion  of  the  solid  particles  struck  and 
adhered  to  the  plastic  material  and  the  rapidity  with 
which  the  slag  formed  was  greatly  increased,  both  by 
this  and  the  rapidly  growing  area  presented  for  contact. 

On  the  large  number  of  tests  made  it  was  indicated 
that  the  slag  deposit  on  the  tubes  was  nearly  proportional 
to  the  total  amount  of  gas,  and  was  not  greatly  affected 
by  the  rating.  The  amount  of  slag  was  affected  by  tem- 
peratures in  the  furnace,  however,  for  the  hotter  fires 
kept  the  slag  in  a  more  viscous  state  which  greatly  in- 
creased the  tendency  for  cinders  and  particles  of  ash  to 
adhere. 

Experiments  Made  to  Prevent  Slag  Accumulation. 

As  previously  stated,  the  slag  problem  is  a  chemical 
one  and  the  desirable  remedy  would  be  a  chemical  rem- 
edy, providing  the  cost  of  maintaining  chemical  action 
is  not  excessive.  Such  action  may  be  set  up  in  three 
different  ways : 

First — By  feeding  some  material  in  with  the  coal 

that  will  act  as  an  oxidizing  agent. 
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Second — By  feeding;  some  vapor  in  witli  the  air 

supply,  which  will  dissociate  and  permit  its  oxygen 

to  combine  with  the  ferrous  material  present. 

Third — By  intimately  mixing  air,  at  high  tempera- 
ture,  with   the   rising   particles,   so   as   to   completely 

oxidize  them  before  reaching  the  tubes. 

By  analysis  of  these  thiee  courses  for  experiments 
the  first  one  was  eliminated  without  trial.  It  was  not 
considered  feasible  to  feed  any  solid  oxidizing  substance 
in  with  the  coal.  The  first  cost  would  certainly  be  pro- 
hibitive, besides  a  greater  amount  of  ash  would  have  to 
be  handled. 

The  second  procedure  was  tried  out  by  the  injection 
of  steam  into  the  air  supply.  No  decrease  was  noticed  in 
the  formation  of  slag  on  the  tubes. 

It  is  to  be  remembered  that  at  no  place  in  the  fuel 
bed,  except  on  the  dumps,  could  the  ash  have  been  over 
50  per  cent  of  the  total  fuel  bed.  Further,  the  ferrous 
material  was  not  over  10  per  cent  of  the  ash.  It  is,  there- 
fore, apparent  that  the  ferrous  material,  representing  a 
maximum  of  5  per  cent  of  the  total  fuel  bed,  liad  but  lit- 
tle chance  of  coming  in  contact  with  the  liberated  oxygen 
and  solidifying  in  its  ferric  state. 

In  reality  this  was  expected,  as  it  was  deemed  im- 
practicable to  put  enough  water  through  the  fuel  bed 
to  insure  complete  o.xidation  of  the  ferrous  material  with 
all  the  other  combustible  matter  present. 

More  recent  exj^criments  have  shown  that  the  intro- 
duction of  water  vapor  into  ash  and  refuse  imdoubtedly 
prevents  a  spongy  mass  of  clinker  from  adhering  to- 
gether. This,  however,  is  a  vastly  different  proposition 
from  the  former,  as  it  is  necessary  only  to  oxidize  the 
surface  to  prevent  adhesion  where  about  80  per  cent  of 
the  material  present  is  incombustible. 

The  third  metliod  suggested,  namely  bv  intimately 
mixing  air  with  the  gases,  is  now  being  tried.  The  ori- 
ginal boilers  were  set  about  13  feet  from  the  grates.  It 
was  thought  that,  by  increasing  the  distance  between  the 
grates  and  boiler  tubes,  the  gases  would  have  more  oppor- 
tunity to  mix  thoroughly.  Also,  since  the  total  time  of 
travel  of  the  furnace  gas  is  dependent  upon  the  velocitv 
and  distance  of  gas  travel,  more  time  would  be  allowed 
for  complete  oxidation  of  the  small  particles.  Conse- 
quently, a  boiler  was  set  up  six  feet  higher  than  those 
originally  installed. 

Assuming  that  the  rapidity  with  which  the  gas  rises 
from  the  fuel  bed  is  uniform,  it  is  calculated  that  its 
velocity  was  about  18  feet  per  second.  This  is  the  low- 
est possible  velocity  that  can  be  expected.  The  direction 
of  gas  travel  is  from  the  grate  direct  to  the  bafifie  open- 
ing, which  was  proportioned  as  46  per  cent  of  the  grate 
surface.  Necessarily  the  velocity  was  twice  as  high 
under  the  bafflfe  as  it  was  leaving  the  fuel  bed. 

On  this  basis,  the  time  it  took  for  particles  to  reach 
the  tubes  with  the  orisjiual  installation  would  he  1,^  tt. 
-f-  18  ft.  ^  .72  sec.  This  is  very  little  lime  for  o.xida- 
tion to  take  place,  unless  it  is  of  an  explosive  character. 
F\u-ther.  by  raising  the  boiler  to  19  ft.  this  same  time 
would  be  19  ft.  ~  18  ft.  =  1.05  .sec.  which  is  still  of 
very  short  duration. 

This  arrangement  has  not  shown  any  great  improve- 
ment in  slag  prevention  and  has  the  disadvantage  of  ex- 
posing more  brickwork  to  high  temperatures  and  to  draft 
with  resulting  greater  infiltration  of  air  through  the 
setting. 

Furnace  construction  undoubtedly  has  nuich  to  do 
with  the  external  encrustation  of  the  tubes  with  slag. 
The  ratio  of  the  exposed  tube  surface  to  the  grate  area 


was  1  to  1.  This  is  very  low  and  the  lower  the  ratio, 
under  set  conditions  of  fuel  and  fuel  bed,  the  higher 
will  be  the  furnace  temperature.  It  is  apparent  that  the 
higher  the  furnace  temperature  the  greater  will  be  the 
tendency  for  the  ash  lo  fuse  and  stick. 

It  has  become  common  practice  now  to  have  the  ratio 
of  exposed  tube  surface  to  grate  surface  as  high  as  1.87 
to  1,  and  is  seldom  less  than  1.2  to  1.  By  increasing  this 
ratio  the  amount  of  heat  radiated  up  and  absorbed  is 
very  materially  increased  with  a  consequent  reduction  in 
furnace  temperature. 

This  last  item,  namely  furnace  construction,  is  a  step 
in  the  right  direction.  Unfortunately,  the  construction 
of  the  investigated  installation  did  not  permit  changing 
the  ratio  (1  to  1),  and,  for  comparative  purposes,  it  was 
necessary  to  refer  to  a  neighboring  station  with  a  simi- 
lar type  of  stoker  and  boiler,  and  which  used  a  similar 
coal.  This  second  plant  has  had  practically  no  trouble 
with  slag  on  tubes  and  uses  only  the  soot  blowers  while 
the  boilers  are  in  operation. 

An  interesting  difference  in  the  two  stations  was  that 
the  first  two  rows  of  tubes  in  the  former  were  staggered, 
and  slag  impinged  on  and  stuck  to  both  rows.  The  sec- 
ond row  caused  more  trouble  than^the  first  row,  as  the 
slag  took  the  form  of  icicles  or  stalactites  and  when 
they  became  long  enough  and  the  velocity  of  the  gas  be- 
came high  enough,  the  "icicles"  bent  sideward  until  they 
touched  the  lower  tubes.  This  effectively  sealed  the  gas 
passage  of  that  part  of  the  boiler.     (See  Chart  III.) 

The  second  installation  had  the  first  two  rows  set 
one  above  the  other.  The  material  which  struck  the  bot- 
tom row  of  tubes  adhered,  but  the  rapidity  of  the  forma- 
tion was  far  less.  On  account  of  this  arrangement,  the 
gases  were  sufficiently  cooled  by  passing  between  these 
tubes  to  prevent  the  slag  from  sticking  and  tb.ere  was  no 
further  tendency  for  the  slag  to  adhere  to  the  boiler 
surfaces. 

When  it  is  considered  that  the  ash  is  very  finel\'  di- 
vided in  the  coal,  and  that  some  of  it  is  certain  to  be 
carried  up  with  the  gas,  it  appears  that  the  most  fruit- 
ful field  for  development  of  means  for  slag  prevention 
is  in  furnace  and  boiler  design.  This  belief  has  already 
been  justified.  At  the  same  time  there  is  still  need  for 
further  development  of  apparatus  for  mechanically  re- 
moving soot  and  slag  from  boiler  tubes. 

From  the  foregoing  it  is  seen  that  the  chemical  com- 
position and  fusing  temperatures  of  the  ash  were  known, 
and  a  careful  and  complete  record  was  obtained  of  all 
happenings  in  the  furnace  and  around  the  boiler.  With 
the  aid  of  this  information  and  the  assistance  of  the 
United  States  Bureau  of  Mines,  evidence  was  obtained 
that  has  led  to  the  above  general  conclusions. 

Considerable  value  was  received  from  this  investiga- 
tion because  much  was  learned  of  the  effect  of  furnace. 
boiler  and  stoker  construction  on  the  slag  problem. 

It  is  extremely  fortunate  that  only  a  comparatively 
few  coals  give  slag  trouble  to  a  serious  degree.  .A.  great 
many  coals  have  fusing  temperatures  so  high  that  they 
give  no  trouble  with  ordinary  furnace  temperatures.  .An- 
other class  of  coals  have  low  fusing  temperatures,  but  do 
not  seem  to  have  the  tendency  to  he  lifted  from  the  fuel 
bed.  But  when  a  coal  gives  serious  slag  trouble,  with 
the  present  knowledge  of  the  art  of  burning  coal,  means 
must  be  provided  for  its  mechanical  removal.  This,  how- 
ever, is  not  as  serious  a  matter  as  it  appears,  for  soot 
blowing  in  boiler  plants  is  now  recognized  as  a  neces- 
sity, and  apparatus  for  soot  removal  is  now  installed  as  a 
regular  boiler  equipment. 
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Boiler  Feed  Water-As  it  Ought  to  Be 

Zero  Soft 

Continuous  Uninterrupted  Power  Demand  by  Steel  Mills — Boiler 
Scale   Costly   and    Unnecessary — Commercial  Synthetic  Zeolites. 

By  ERNEST  ROWE* 


SO  heavy  and  continuous  is  the  duty  demanded  of  the 
power  plant  in  the  blast  furnace  and  steel  mill,  so 
high  is  the  ratio  of  the  power  factor  to  total  value 
added  by  the  processes  of  the  industry,  that  its  opera- 
tion, both  from  the  mechanical  and  cost  standpoints,  is 
highly  sensitive  to  conditions,  good  or  bad,  which  affect 
the  production  of  power  or  the  cost  of  its  production. 
In  a  silk  mill  or  an  oil  refinery  the  loss  involved  from  the 
ordinary  troubles  with  the  power  plant  appear  in  the 
value  of  the  finished  product  as  an  infinitesimal  fraction. 
But  in  the  steel  mill  the  influence  of  unrestricted  power 
supply  is  immediately  felt  throughout  the  production  se- 
quence, with  an  effect  so  cumulative  that  costs  and  selling 
prices  are  seriously  affected. 

Boiler  scale  is  one  of  the  most  serious  troubles  en- 
countered by  the  average  blast  furnace  or  steel  plant,  and 
the  reason  is  not  far  to  seek.  Not  enough  intelligent  in- 
terest is  shown  in  the  matter. 

The  water  supply,  from  which  most  furnace  and 
steel  plants  in  tbis  country  derive  their  boiler-feed, 
is  anything  but  ideal,  often  high  in  free  acid, 
usually  bicarbonate,  and  always  heavy  with  incrust- 
ing  solids.  From  the  very  nature  of  the  opera- 
tion, most  boiler  houses  are  small  and  scattered,  not 
particularly  well  designed,  and 
poorly  operated.  Many  of  the 
steel  plant  mill  engines,  espe- 
cially the  older  ones,  operate 
non-condensing,  a  large  percent- 
age of  those  condensing  use  jet 
condensers  and  no  attempt  w-hat- 
ever  is  made  to  recover  con- 
densate. The  result  is  of  course 
practically  100  per  cent  raw 
"make-up"  for  boiler  feed  with 
bad  scale,  forming  raw  water 
badly  treated,  scale  and  heaiy 
scale  is  inevitable. 

Probably  it  would 
take  an  incalculable 
figure  to  express  the 
power  losses  and 
power  production 
inflicted  by  b  o  i  1  e  r 
scale  in  fuel  con- 
sumpt  i  o  n,  deficient 
evaporation,  tube  re- 
placements and  other 
repairs,  cleaning, 
spare  equipment,  to 
allow  for  idleness 
during  cleaning, 
extra  labor,  and 
so  on. 

Modern    meth- 
ods have  removed 


the  reasons  for  any  toleration  of  scale  formation.  Soft- 
ening water  has  become  a  successful  art,  which  places  a 
heavy  burden  of  proof  upon  the  plant  which  still  has  re- 
course to  the  "hand  removal  by  mechanical  cleaner 
method"  of  wasteful  accumulation  of  scale.  Without 
quibbling,  such  a  plant  is  out  of  date  in  its  methods. 

Anyone  who  challenges  the  assertion  that  boiler  scale 
is  entirely  unnecessarj',  and  can  definitely  be  eliminated, 
merely  acknowledges  that  he  has  failed  to  keep  pace  with 
the  progress  of  science,  as  applied  to  water  purification. 
There  is  no  longer  any  more  excuse  for  the  presence  of 
scale  in  a  boiler  or  feed  water  heater  today  than  there 
would  be  for  the  presence,  in  the  engine  room,  of  the 
boy  who  in  the  early  days  was  employed  to  jerk  the  slide 
valve  with  a  string.  That  ended  when  one  day  a  lazy 
boy  hitched  the  string  to  the  flywheel ;  the  eccentric  rod 
resulted  and  the  boy  and  his  job  were  forever  eliminated. 
The  valve  boy  is  a  curiosity  today.  Boiler  scale  will  be 
or  should  be  a  curiosity  tomorrow,  something  for  the  his- 
torian to  write  about,  but  no  longer  a  ques- 
tion in  the  life  of  the  engineer. 

What  will  be  history  tomorrow  is  fact 
today  to  a  good  many  fortunate  engineers 
scattered  throughout  the  country.  The  ex- 
perience of  one  may  be  taken  as  tx'pical. 

At  a  branch  plant  of  Curtice  &  Com- 
pany, located  at  Bergen,  N-.  Y.,  the  most 
available  supply  of  boiler  feed  water  con- 
tained hardness  to  the  extent  of  .%  grains 
per  gallon;  to  use  the  expression  of  Mr.  C. 
X.  Fanning,  the  plant  manager,  "so  hard 
that  you  can  hardly  break  it  with  a  ham- 
mer."    Xo  words  are  necessarv  to  describe 


*Consulting   Ener. 


Permutit  zeolite  water  softening  system.     Showing  by-pass  valve  arrangement 
and  storage  tank  for  zero  water. 
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the  difficulties  of  making  steam  with  such  raw  water. 
Boilers,  heater,  piping,  valves,  pumps  and  pump-valves, 
every  point  in  contact  with  the  hot  boiler  feed  was  sub- 
ject to  incrustation. 

Evaporation  results  were  exactly  on  a  par  with  the 
before  mentioned  conditions,  the  amount  of  coal  fired 
was  out  of  all  proportion  to  the  steam  generated  and 
work  done.  Although  these  boilers  were  in  service  but 
a  short  season  during  the  year,  they  invariably  required 
retubing  annually. 

Three  years  ago  a  Permutit  zeolite  water  softener,  as 
auxiliary  to  the  feed  water  system,  was  installed ;  since 
that  time  all  troubles  due  to  boiler  water  have  disap- 
peared, and  in  three  years  of  operation  the  boilers  have 
required  absolutely  no  repairs.  Recently  they  were 
opened  for  inspection  and,  in  the  opinion  of  Mr  Fan- 
ning, the  boilers  could  have  looked  no  better  if  they  were 
nevv ';  there  was  not  the  slightest  evidence  of  scale. 

Incidentally  the  plant  records  indicate  a  saving  in  coal 
alone  equal  to  the  cost  of  the  Permutit  softener. 

Zeolites  used  in  water  softening  are  a  tri-basic  com- 
pound, sodium-aluminum-silicate. 

Natural  zeolites  of  commercial  value  tor  this  purpose 
are  found  in  widely  scattered  deposits.  In  general  they 
lack  the  uniformity  and  dependability  of  the  nianufac- 
tured  article ;  synthetic  zeolites  can  be  and  are  made  for 
a  great  variety  of  definite  purposes. 

The  essential  value  of  this  remarkable  product  is  the 
unique    attribute    which    it    possesses    of    "exchanging 
bases,"  calcium  and  magnesium   for  sodium ;  and,  alter 
nately,  sodium  for  calcium  and  magnesium. 


Layout  of  water  softening  plant. 

Any  raw  water  contaning  calcium  or  magnesium, 
which  form  the  so-called  "hardness"  in  waters,  when 
brought  into  contact,  by  filtration  or  i)ercolation  through 
a  bed  of  zeolite,  will  be  found  to  have  lost  all  that  "hard- 
ness," the  sodium  of  the  zeolite,  which  is  soluble  and  non- 
incrusting,  will  have  taken  the  place  of  the  calcium  and 
magnesium. 

The    zeolite     in     the     filter-bed     will     have    become 

Calcium       /    .i^^i„„^i,n„„    Silicate  and  the  effluent   water 

Magnesium) 

will  be  zero  soft. 

The  reverse  operation  restores  the  zeolite  to  its  ori- 
ginal condition.  Sodium,  in  dilute  solution,  the  ordinary 
salt  of  commerce  being  employed,  serves  as  the  re-ex- 
change medium. 

The  operation  of  "regeneration,"  as  this  re-exchange 
of  base  is  termed,  is  entirely  mechanical,  simplicity  itself. 
No  chemicals  whatever  are  used,  the  time  element  may 
be  made  unimportant,  and  the  results  are  positive.  Very 
slight  loss  of  zeolite  material  occurs — that  incident  to  a 
flushing  operation  only — and  the  life  of  the  material 
seems  to  be  indefinite. 


Permutit  zeolite  water  softening  plants  are  in  continu- 
ous operation  under  every  variety  of  conditions  from 
the  .'\tlantic  to  the  Pacific.  Many  installations  are  giv- 
ing ideal  results  where  all  other  methods  failed  and 
failed  badly.  There  are  no  limitations  as  to  size  of  soften- 
ing plant,  and  no  limitations  as  to  the  daily  volume  of 
water  which  .such  a  plant  may  be  designed  and  built  to 
Iiandle. 

Reference  was  made  in  the  first  paragraph  of  this 
article  to  the  power  losses  and  the  excessive  cost  of  power 
production  inflicted  by  boiler  scale.  Serious  as  those 
direct  effects  are,  they  do  not  constitute  all,  nor  indeed 
the  worst,  of  the  waste  caused  by  raw  hard  water.  The 
decided  trend  toward  larger  boiler  units,  a  development 
which  is  particulaily  important  in  the  blast  furnace  and 
steel  mill  industry  with  its  large  power  units,  has  mag- 
nified these  difficulties.  One  of  the  reasons  for  a  battery 
of  boilers  rather  than  a  single  boiler  of  capacity  equal 
to  the  aggregate  of  the  battery  has  been  that  it  was  neces- 
sary to  shut  them  down,  one  after  another,  for  cleaning. 
So  long  as  scale  was  a  "necessary  evil,"  continuity  of 
operation  was  maintained  at  the  cost  of  a  certain  degree 
of  cumbersomeness,  appreciable  inefficiency  and  exces- 
sive space.  It  is  now  possible  and  economical  to  eliminate 
this.  With  a  constantly  clean  surface  on  the  water 
side  of  the  metal,  with  the  insulating  coat  of  scale  gone, 
never  to  return,  affording  uninterrupted  conduction  of 
heat  from  fire  to  water,  there  is  never  any  overheating  of 
the  metal,  either  in  tubes  or  shell,  consequently  no  loss 
of  tubes  or  drums. 

Zero  water  also  does  away  with  foaming.  This  in 
turn  permits,  in  most  installations,  of  minor  alterations 
in  equipment  and  operation  which  further  improve  duty, 
as  foaming  or  priming  carry  in  their  wake  a  whole  train 
of  undesirable  penalties. 

The  result  of  all  this  is  that  it  is  nothing  unusual  for 
a  boiler  on  zero  water  to  operate  at  200  and  even  300 
per  cent  of  its  rated  capacity.  Boilers  are  doing  that 
today  which  previously  were  unable  to  deliver  100  per 
cent  of  their  rating  except  for  a  few  days  immediately 
after  thorough  cleaning.  The  value  of  this  margin  of 
power,  gained  without  the  necessity  of  additional  invest- 
ment in  boilers  and  housing,  is  obvious.  That  it  does  not 
unduly  overload  a  well  made  boiler  is  shown  by  the 
strikingly  unanimous  reports  that  the  need  of  repairs 
ceases  when  the  boiler  is  fed  with  the  kind  of  water  it 
ought  to  have,  zero  water. 


THE  PRODUCTION  OF  RUSTLESS  IRON 

There  has  btcn  developed  recently  in  lingland  a  "rust- 
less iron."  This  material  is  iron  to  which  a  certain  pro- 
portion of  chromium  has  been  added.  A  similar  alloy 
called  'stainless  steel"  has  for  some  time  been  familiar 
to  metallurgists.  Stainless  steel  ditfers  from  rustless  iron 
chiefly  in  that  it  contains  small  amounts  of  carbon.  In 
order  to  produce  rustless  iron,  an  iron  chromium  alloy 
free  from  carbon,  it  is  necessary  that  carbon-free  iron  and 
chromium  be  available.  The  usual  forms  of  chromium, 
commercial  grades  of  ferro  chromium,  contain  compara- 
tively large  amounts  of  carbon.  The  discovery  of  rust- 
less iron  has  thus  made  it  very  important  to  be  able  to 
treat  ferro-chroniium  by  some  process  which  will  remove 
the  carbon.  Among  the  methods  proposed  is  that  of 
heating  ferro-chromium  in  contact  with  hydrogen. 

This  work  is  described  in  Scientific  Paper  No.  4-18 
of  the  Bureau  of  Standards,  available  from  the  Super- 
intendent of  Documents,  Government  Printing  Oflice, 
Washington,  D.  C,  at  5c  per  copy. 
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WITH  THE  EQUIPMENT  MANUFACTURERS 


MOTORBLOC— THE  MOTOR  DRIVEN  CHAIN  HOIST 

An  electrically  operated  material-handling  device,  known 
as  the  Motorbloc,  has  been  placed  on  the  market  by  the 
Motorbloc  Corporation  of  Summerdale,  Philadelphia.  This 
new  device  has  been  developed  to 
serve  the  operations  lying  between  the 
well-defined  field  of  the  standard  hand 
chain  hoist  and  that  of  the  traveling 
electric  hoist. 

The  Motorbloc  is  a  rugged,  and 
readily  portable  hoist,  which  can  be  in- 
stalled with  the  facility  of  an  electric 
drill,  and  the  self-contained  pendant 
controller  permits  convenient  opera- 
tion as  soon  as  the  cord  has  been 
plugged  into  the  nearest  electric  cir- 
cuit. 

Great  care  has  been  used  in  avoid- 
ing the  stressing  of  the  hoisting  mech- 
anism beyond  the  loads  and  speeds  for 
which  it  is  proportioned  for  hand  oper- 
ation. 

It  consists  of  a  standardized  chain 
hoist  of  steel  construction,  electrified 
by  the  application  of  a  specially  de- 
signed heavy-duty  motor,  liberally  pro- 
portioned reduction  gearing  and  slip  friction  clutch,  applied 
by  means  of  a  malleable  iron  supporting  bracket  comprising 
a  self-contained  electrifying  unit,  to  which  the  pendant  con- 
troller is  also  attached.  In  this  way  a  simple,  rugged  mech- 
anism has  been  developed  for  the  electrification  of  the  stand- 
ard spur-geared  chain  hoist  in  capacities  ranging  from  ^  to  10 
tons,  proportioned  to  stand  up  under  the  severe  overloads 
and  abuse  to  which  portable  apparatus  of  this  character  is 
subjected  by  common  labor,  generally  unfamiliar  with  the 
handling  of  power  machinery. 

Extreme  care  has  been  given  to  features  of  compactness, 
symmetry  and  balance,  combined  with  lightness  and  strength 
through  the  use  of  the  highest  grade  materials,  liberally  pro- 
portioned to  meet  the  most  severe  service  conditions.  The 
armature  shaft  and  worm  are  carried  in  heavy  duty  ball-bear- 
ings and  liberal  provision  has  been  made  for  adequate,  auto- 
matic lubrication. 

The  self-contained,  pendant  controller  is  easily  operated 
by  the  fingers  of  one  hand,  leaving  the  other  hand  free  to 
guide  the  load.  This  arrangement  makes  it  possible  for  one 
man,  without  physical  effort,  to  accomplish  what  would 
otherwise  require  two  or  more  men  for  lifting  and  placing 
the  same  load.  The  ready  portability  of  the  unit  is  apparent 
from  the  fact  that  the  one-ton  size  complete  weighs  only  148 
pounds. 

The  extreme  simplicity  of  this  mechanism  is  promoted  and 
the  operation  safeguarded  by  the  use  of  the  ring-oiled  slip 
friction  clutch  which  prevents  damage  from  over-running  to 
the  hoist  parts  and  chain  and  at  the  same  time  completely 
protects  the  motor  from  overload,  without  the  complication 
of  an  electric  limit  switch. 

For  occasional  use  at  points  where  electric  current  is  not 
available,  or  in  the  event  of  the  temporary  failure  of  electric 
power,  the  hand  chain  can  be  quickly  applied,  and  the  hoist 
operated  as  an  ordinary  block. 


THE  NEW  HAUCK  OIL  BURNER 

The  Hauck  Venturi  Fuel  Oil  Burner  is  a  new  and  improved 
type  of  atomizer  in  which  oil  or  even  tar  is  completely  atom- 
ized or  broken  up  into  finely  divided  fog-like  particles  by 
means  of  steam  or  compressed  air. 

The  burner  consists  essentially  of  a  cylindrical  casing  with 
slots  parallel  to  the  bore  axis.  These  slots  form  with  the 
inner  wall  of  the  casing  longitudinal  ports  or  orifices  through 
which  the  atomized  oil  is  impelled  into  the  furnace.  Each 
port  or  orifice  is  a  small  Venturi  tube  constricted  at  its  cen- 
ter and  flared  outwardly  at  the  two  ends.  The  throats  or 
constricted  parts  of  the  orifices  are  connected  with  the  in- 
terior of  the  bore  by  means  of  radial  openings  or  apertures. 

The  oil  or  tar  is  delivered  under  a  pressure  of  40  to  60  lbs. 
per  sq.  in.  to  the  bore,  and  then  passed  through  the  radial 
apertures  to  the  orifices  where  it  is  collided  against  and  blast- 
ed by  the  compressed  air  or  steam. 

The  compressed  air  or  steam  is  delivered  to  the  burner  at 
about  80  to  100  lbs.  per  sq.  in.  pressure.  As  it  flows  through 
the  ports,  its  velocity  increases  rapidly  and  becomes  a  maxi- 
mum at  the  orifice  throats.  Here  it  strikes  and  blasts  the 
oil,  atomizes  it  thoroughly,  even  by-product  tar,  and  impels 
the  atomized  oil  from  the  burner. 

The  Hauck  Venturi  Oil  Burner  secures  a  thorough  mix- 
ture of  the  air  and  atomized  fuel  oil  at  the  mouth  of  the 
burner.  It  is  correctly  proportioned  to  the  oil  and  steam  or 
air  pressures  available,  is  accessible  for  purposes  of  cleaning 
and  inspection,  and  can  be  conveniently  removed  from  the 
furnace  without  affecting  the  operation  of  any  other  burner 
served  by  the  same  piping  system. 

Reducing,  neutral  and  oxidizing  flames  are  readily  ob- 
tained merely  by  manipulating  the  oil  and  air  valves.  The 
furnace  atmosphere  is  thus  closely  controlled. 

Combustion  can  be  made  to  take  place  close  to  the  burner 
nozzle.  Oxygen  consequently  cannot  come  into  contact  with 
the  steel.  This  results  in  less  scaling.  Decarburizing  of  the 
work  is  reduced,  and  there  is  less  spoilage  and  greater  uni- 
formity of  product. 

Close  control  of  temperature  is  accomplished  with  ease 
and  certainty.  The  temperature  of  the  furnace  is  controlled 
through  two  standard  waives.  The  labor  and  attention  re- 
quired are  a  minimum. 

Uniform  combustion  conditions  and  ready,  exact  and  sim- 
ple temperature  control  increase  the  efficiency  of  production. 
Fewer  demands  are  made  upon  skill  and  judgment  in  the 
handling  of  the  furnace,  and  more  time  and  attention  can  be 
devoted  to  the  work  itself. 

The  Hiauck  Venturi  Oil  Burner  is  simple  to  install  and 
easy  to  operate.  The  efliciency  of  the  burner  is  high.  It  is 
adaptable  to  a  wide  range  of  work,  including  the  following: 

Baking,  bolt  heading,  bluing,  carburizing  or  case-hardening, 
continuous  reheating,  core  ovens,  drying,  enameling,  forging, 
galvanizing,  hardening,  japanning,  ladle  drying,  lead  and 
cyanide  pot  furnaces,  melting  furaces  with  crucibles,  melting 
furnaces  without  crucibles,  muffle  and  retort  furnaces,  non- 
ferrous  and  precious  metal  melting,  oil  tempering  baths,  open 
hearth  furnaces,  plate,  angle  and  rod  heating;  rivet  forges, 
scrap  reclaiming,  soaking  pits,  soft  metal  melting,  tinning 
wire,  strip  and  sheet,  tool  dressing,  tube  brazing,  vitrious 
enamel  melting,  welding. 
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Power  Specialty  Company,  builders  of  Foster  superheaters, 
economizers  and  oil  heating  and  cooling  equipment,  announces 
the  opening  of  new  branch  offices.  Mr.  L.  Lanyi  is  to  be  in 
charge  of  the  office  at  Dime  Savings  Bank  Building,  Detroit, 
Mich.,  and  Mr.  R.  B.  Nutting,  who  was  fortnerly  Chicago  dis- 
trict manager,  in  charge  oi  ottice  at  2.i24  IVnirternth  Street, 
Boulder,  Colo. 


The  Guilbert  Steel  Company,  Diamond  Bank  Building,  Pitts- 
burgh, Pa.,  recently  organized  under  state  laws,  has  acquired 
property  in  the  West  Park  district  for  the  construction  of  a  new 
plant  for  the  manufacture  of  steel  products  including  a  general 
fabricating  works.  Plans  will  he  prepared  at  once  for  the  initial 
buildings,  to  comprise  a  main  one-story  structure,  50x200  feet, 
to  cost  approximately  $100,000,  with  machinery.  The  new  com- 
pany is  headed  by  O.  E.  Guilbert  and  R.  C.  Stewart.  It  is  repre- 
sented by  John   Rebman.  jr.,  Ai  Nicholas  Building.   Pittsburgh. 


George  M.  Thompson,  West  Newton,  Mass.,  formerly  vice 
president  and  general  manager  of  the  Wickwire  Spencer  Steel 
Corporation,  Worcester,  Mass.,  is  organizing  a  new  company  to 
manufacture  a  line  of  steel  products  and  operate  a  rolling  mill. 
Plans  have  been  prepared  for  the  construction  of  the  proposed 
plant  on  site  at  41  Mildred  Avenue,  Dorchester,  Mass.  The 
rolling  mill  will  be  60x115  feet,  and  supplemented  by  two  other 
structures  50x150  feet  and  25.x35  feet,  each  one-story.  If  is  pur- 
posed to  have  the  plant  ready  for  service  at  an  early  date.  Brain- 
ard,  Leeds  &  Kellogg,  89  Franklin  Street.  Boston,  Mass..  arc 
architects. 


The  Southern  Sheet  Steel  Company,  Chattanooga.  Tenn.,  re- 
cently organized,  has  plans  in  progress  for  the  construction  of  a 
new  local  plant,  designed  to  manufacture  sheet  steel,  12-gauge 
and  smaller.  The  initial  works  will  consist  of  an  eight-sheet 
rolling  mill  and  three  open-hearth  furnaces,  each  with  capacity 
of  about  60  tons.  It  is  expected  to  give  employment  to  a  work- 
ing force  of  about  700  men  when  operating  at  capacity,  with 
estimated  output  of  close  to  55,000  tons  per  annum.  The  entire 
works  will  cost  in  excess  of  $1,200,000,  with  machinery.  W.  M. 
Bleckner  is  president;  and  W.  J.  Lynch,  vice  president  in  charge 
of  operations.  Equipment  purchases  will  be  made  at  an  early 
date  under  the  direction  of  the  last  noted  official. 


The  American  Rolling  Mill  Company.  Middletown.  Ohio,  has 
plans  nearing  completion  and  will  soon  break  ground  for  the 
construction  of  additions  to  its  plant  at  Ashland.  Ky,  to  pro- 
vide for  a  complete  system  of  blast  and  open  hearth  furnaces, 
blooming  mill,  sheet  and  finishing  mill  and  miscellaneous  struc- 
tures for  the  production  of  general  commercial  steel  oroducts. 
The  new  structures  will  consist  of  a  one-story  sheet  mill,  one- 
story  jobbing  mill,  and  one-story  galvanizing  plant,  estimated 
to  cost  approximately  $250,000,  with  machinery.  Dwight  P.  Rob- 
inson &  Company,  Inc.,  152  East  Forty-sixth  Street,  New  York. 
N.  Y.,  is  engineer  and  contractor  in  charge. 


The  Bethlehem  Steel  Corporation,  Bethlehem,  Pa.,  has  plans 
in  progress  for  extensions  and  improvements  at  its  Lackawanna 
Steel  Works,  Buffalo,  N.  Y.,  recently  acquired,  and  will  arrange 
a  fund  of  about  $15,000,000  for  the  expansion.  The  plant  will 
be  remodeled  and  modernized  and  considerable  new  machinery 
installed    in   the   different   operating   departments.     The   capacity 


will  be  considerably  increased.     The  company  is  advancing  pro 
iluctioii  at  its  Bethlehem  works  as  well  as  at  its  plant  at  Steelton, 
near  Harrisburg,   Pa.     A   number  of  operating  units  at  the  last 
noted   plant   have   been    placed   in    service   after   an    inactivitv   of 
more  than  a  year. 


The  Empire  Drawn  Steel  Company,  1153  Marine  Bank  Build- 
ing. Buffalo,  N.  Y.,  is  completing  plans  for  the  construction  of 
a  new  local  plant  on  Germania  Street,  for  the  manufacture  of 
cold  drawn  steel  products,  and  other  steel  specialties.  The  main 
structure  will  be  one-story.  75x450  feet,  and  is  to  be  equipped 
for  an  initial  output  of  approximately  35,000  tons  per  annum.  It 
is  estimated  to  cost  upwards  of  $100,000.  Work  will  be  placed 
under  way  at  an  early  date. 


The  New  Process  Steel  Company,  Noblesville.  Ind..  is  com- 
pleting the  construction  of  the  initial  units  at  its  new  local  plant, 
and  will  commence  immediate  production  at  a  portion  of  the 
works.  The  company  will  specialize  in  the  manufacture  of  steel 
billets,  small-sized  T-rails,  and  structural  steel  shapes.  The  en- 
tire works  is  expected  to  be  ready  for  service  early  in  the  com- 
ing year,  and  production  will  be  advanced  at  that  time  to  include 
a  working  force  of  more  than  2,000  men,  on  a  full-time  working 
basis.  J.  F.  Reiner  is  pre.;ident  of  the  company;  J.  E.  Owen,  vice 
jiresident.  and  James   Hundley  general  manager. 


The  National  Enamel  &  Stamping  Company.  411  Fifth  .-Kvc- 
nue.  New  York,  N.  Y..  has  foundation  work  in  progress  for 
the  new  sheet  mill  at  its  plant  at  Granite  City,  111.  Plans  for 
the  superstructure  have  been  completed,  and  it  is  proposed  to 
push  the  erection  to  consummation  at  the  earliest  date.  It  is 
estimated  to  cost  approximately  $1,000,000,  including  machinery. 


The  Andrews  Wire  &  Iron  Works,  1802  Preston  Street, 
Rockford,  III.,  manufacturers  of  steel  and  iron  products,  has 
plans  in  progress  for  the  construction  of  a  new  plant  addition 
for  general  increase  in  capacity,  to  be  one-story,  and  estimated 
to  cost  approximately  $50,000.  Peterson  S:  Johnson,  406  S.  A. 
Bank  Building.  Rockford.  are  architects. 


The  Columbia  Steel  Company,  Elyria.  Ohio,  has  been  re- 
organized and  succeeded  by  a  new  company  of  the  same  name, 
formed  under  state  laws,  with  a  capital  of  $1,500,000.  Plans 
are  under  way  for  a  number  of  improvements  in  the  works,  to 
include  the  installation  of  perfected  processes  of  manufacture, 
and  considerable  new  equipment  for  projected  expansion.  To 
provide  for  the  work  a  preferred  stock  issue  of  $500,000  is  being 
arranged.  C.  E.  Lozier,  heretofore  vice  president  and  general 
manager  of  the  company,  has  been  elected  chairman  of  the 
board;  H.  M.  Naugle  is  president;  K.  R.  Jenson,  secretary  and 
treasurer;  and  A.  J.  Townsend,  vice  president,  in  charge  of 
operations. 


The  Lukens  Steel  Company,  Coatesville.  Pa.,  manufacturers 
of  steel  plate,  etc..  have  acquired  property  on  the  Industrial  Canal 
at  New  Orleans,  La.,  as  a  site  for  a  new  branch  plant.  Pre- 
liminary plans  are  under  way  for  a  complete  fabricating  works 
to  consist  of  four  units.  75x250  feet,  estimated  to  cost  approxi- 
mately $300,000.  A  large  warehouse  building  will  also  be  built 
for  immediate  service. 
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Carl  G.  Schluederberg,  assistant  to  the  managers  of  the  Sup- 
ply and  Merchandising  Departments  of  the  Westin.ehouse  Elec- 
tric &  Manufacturing  Company  and  special  representative  of 
that  company  in  foreign  countries,  left  recently  for  a  four 
months'  trip  in  the  Orient  to  study  business  conditions  there. 
Mr.  Schluederberg  will  visit  Japan,  the  Philippines  and  China  to 
make  a  sales  survey,  investigating  especially  the  possibilities  of 
expansion  of  the  niarket  for  household  appliances.  Mr.  Schluder- 
berg  is  well  known  in  American  electro-chemical  circles  and  has 
held  various  important  offices  in  the  American  Electro-Chemical 
Society.  He  graduated  from  the  School  of  Electrical  Engineer- 
ing of  Cornell  University  in  1902,  and  in  that  year  entered  the 
employ  of  the  Westinghouse  Electric  &  Manufacturing  Company. 
In  1905  he  took  up  research  work  along  electro-chemical  lines 
and  also  entered  upon  postgraduate  work  at  Cornell  Univer- 
sity, which  he  continued  until  1908,  when  he  was  awarded  the 
degree  of  Doctor  of  Philosophy  and  a  degree  in  chemistry.  He 
also  spent  some  time  abroad  on  special  investigations  and  si;b- 
sequently  became  associated  with  the  Carnegie  Steel  Company 
and  later  the  United  Coal  Company  in  metallurgical  and  electri- 
cal engineering  work. 

V  V 

M.  W.  Hall,  chief  mechanical  engineer.  South  Side  Works, 
Jones  &  Laughlin  Steel  Company,  Pittsburgh,  recently  resigned 
and  has  been  succeeded  by  C.  G.  Bigelow,  formerly  with  the 
American   Sheet  &  Tin  Plate  Company. 

V  V 

Harrj'  W.  Coffin,  vice  president  and  general  manager,  Ala- 
bama Company,  Birmingham,  Ala.,  retired,  effective  November 
IS.  John  W.  Porter,  vice  president  and  sales  manager,  who  has 
been  with  the  Alabama  Company  for  14  years,  will  assume  Mr. 
Coffin's  duties  in  addition  to  his  own. 

V  V 

Harry  J.  Cogswell,  formerly  associated  with  the  Ajax  Forge 
Company,  Chicago,  recently  joined  the  organization  of  the  Val- 
ley Forge  Steel  &  Tool  Company,  Chicago,  as  general  sales 
manager. 

V  V 

Joseph  G.  Shryock,  designing  engineer,  Belmont  Iron  Works, 
Philadelphia,  Pa.,  has  been  appointed  chief  engineer  of  that 
company 

V  V 

W.  W.  Heylmun.  formerly  chief  chemist  of  the  St.  Louis 
Coke  &  Chemical  Company,  Granite  City,  111.,  has  been  appointed 


blast  furnace  superintendent,  succeeding  T.  W.  Harris,  who  re- 
signed recently  to  become  connected  with  the  Tata  Iron  S:  Steel 
Company  of  India. 

V  V 

Fred  C.  Severin  and  B.  H.  Tripp  have  formed  a  partnership 
for  the  purpose  of  buying  and  selling  used  machine  tools.  They 
have  taken  an  office  at  25  Church  Street,  New  York  Mr. 
Severin  was  for  many  years  with  the  Niles-Bement-Pond  Com- 
pany and  more  recently  with  the  Belts  Machine  Company,  Roch- 
ester, N.  Y.,  now  a  part  of  the  Consolidated  Machine  Tool  Cor- 
poration, and  Mr.  Tripp  was  for  manj-  years  connected  with  the 
Chicago  Pneumatic  Tool   Company. 

V  V 

R.  L.  Bears,  who  has  just  been  appointed  chief  engineer  of 
the  Detroit  Stoker  Company,  graduated  from  Syracuse  Univer- 
sity in  the  1912  class  in  Mechanical  Engineering.  Leaving  the 
university,  he  spent  four  years  with  the  United  States  Bureau 
of  Mines  under  Mr.  O.  P.  Hood,  doing  research  and  testing  v\ork 
on  various  fuels  and  combustion  apparatus.  Four  years  ago  he 
was  appointed  testing  engineer  of  the  Underfeed  Stoker  Com- 
pany of  America  and  was  later  promoted  to  the  position  of 
assistant  chief  engineer. 

V  V 

F.  F.  Rohrer,  assistant  to  manager  of  both  the  Power  and 
Railway  Departments  of  the  Westinghouse  Electric  &  Manu- 
facturing Company,  has  been  appointed  general  contract  mana- 
ger of  that  company.  In  his  new  appointment,  which  is  effective 
immediately,  Mr.  Rohrer  will  be  a  member  of  the  staff  of  W.  S. 
Rugg,  general  sales  manager. 

V  V 

W.  W.  Sayers,  of  the  Link  Belt  Company,  has  been  ap- 
pointed chief  engineer  of  the  Company's  Philadelphia  Works 
and  eastern  operations.  Mr.  Sayers  was  representative  of  the 
company  in  their  Chicago  territory  in  the  lines  related  to  power 
house  machinery,  coal  storage.  Peck  carriers,  crushers,  etc.,  and 
later  in  charge  of  the  Locomotive  Crane  Department 

V  V 

John  K.  Boll,  for  many  years  sales  manager,  Page  Steel  S: 
Wire  Company,  has  resigned  to  accept  an  important  position 
with  the  Wheeling  Steel  Products  Company,  which  will  sell  the 
output  of  the  new  rod  and  wire  mills  of  the  Whitaker  Glessner 
Company,  now  nearing  completion  at  Portsmouth,  Ohio.  Mr. 
Boll  assumed  his  new  duties  November  16. 
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William  II.  lUouut.  siipcriiittiidcnt  Sleeper  &  Hartley,  Inc.. 
Worcester,  Mass..  wire  drawing  machinery,  has  resigned  for 
the  purpose  oi  devoting  his  entire  attention  to  the  affairs  ol 
the  Arey  &  Blount  Klcctric  Company,  recently  organized  to 
manufacture  electric   flashlights. 

V  V 

H.  B.  Bole  resigned  as  first  vice  president  of  the  Hydraulic 
Steel  Company.  Cleveland,  Ohio,  at  the  annual  meeting  on  Octo- 
ber n.     Me  will  remain  as  a  member  of  the  board  of  directors. 

V  V' 

B.  F.  Phillopon.  president  Climax  Molybdenum  Company,  61 
Broadway,  New  York,  sailed  on  the  Majestic  on  October  29  for 
I'Vance,  where  he  will  spend  four  or  five  weeks  on  business. 

V  V 

G.  Ernest  Wells,  director  Edgar  .Mien  &  Company,  Ltd., 
Sheflield,  Eng.,  is  in  the  United  States  visiting  the  western  and 
eastern  offices  of  the  Edgar  Allen  Steel  Company,  Inc.,  S6  John 
Street,   New  York. 

V  \i 

Wni.  H.  Warren,  formerly  general  manager  of  Brier  Hill 
Steel  Company,  Youngstown,  Ohio,  and  previously  with  the 
Gary  Works  of  the  United  States  Steel  Corporation,  has  been 
appointed  general  manager  of  the  Trumbull  Steel  Company, 
Warren,  Ohio. 

V  M 

Charles  E.  Beeson,  who  on  November  I  was  elected  a  vice 
president  of  the  Pittsburgh  Steel  Company,  has  been  identilied 
with  that  company  since  its  organization  in  1901,  having  been  its 
first  secretary  and  holding  that  office  until  about  two  years  ago. 
For  the  past  three  years  Mr.  Beeson  has  been  a  director  and  a 
member  of  the  executive  committee. 

V  V 

Stephen  Badlam  has  been  appointed  works  manager  of  the 
Superior  Steel  Corporation,  Pittsburgh,  the  plant  of  which  is 
at  Carnegie,  Pa.,  succeeding  James  Warren,  who  resigned  re- 
cently to  become  works  manager  of  the  LaEance  &  Grosjean 
Mfg.  Company,  Woodhaven  L.  I.  For  the  past  year  Mr.  Bad- 
lam has  been  engaged  as  an  engineer  specializing  in  rolling  mill 
equipment  in  Philadelphia,  but  previously  for  12  years  had  been 
in  the  operating  department  of  the  Pennsylvania  Steel  Com- 
pany; served  as  assistant  chief  engineer,  Pittsburgh  Crucible 
Steel  Company  during  the  building  of  its  plant  at  Midland,  Pa., 
and  later  was  chief  engineer,  Pittsburgh  Seamless  Tube  Com- 
pany, Beaver  Falls,  Pa.     In  the  World  War,  he  was  major  of 


infantry  on  the  general  staff,  First  Army,  and  was  overseas  for 
two  years.  Following  the  war  he  was  sales  engineer  with  the 
Philadelphia  Roll  &  Machine  Company.  He  is  a  graduate  of 
Massachusetts  Institute  of  Technology. 

V  V 

Willis  L.  King,  vice  president,  Jones  &  Laughlin  Steel  Com- 
pany, Pittsburgh,  has  returned  to  his  desk  after  an  absence  of 
several  weeks  due  to  illness,  which  also  prevented  his  attendance 
at  the  recent  ineeting  of  the  American  Iron  and  Steel  Institute, 
of  which  he  is  a  vice  president.  Mr  King  on  July  12  last  rounded 
out  S3  years  with  the  Jones  &  Laughlin  Steel  Company 

V  V 

P.  D.  Brown  has  been  appointed  district  sales  manager  in 
southern  territory  of  the  Polidi  Steel  Corporation  of  America, 
with  headepiarters  at  Baltimore.  Mr.  Brown  was  formerly 
general  manager  of  the  Lakeside  Forge  Company,  Erie,   Pa. 

V  V 

C.  V.  Dodge,  formerly  in  charge  of  steel  casting  sales  for  the 
United  Engineering  &  Foundry  Company,  Pittsburgh,  has  been 
promoted  to  assistant  manager  in  charge  of  roll  and  steel  sales. 
He  began  his  career  with  the  company  in  1904  as  shipping  clerk 
at  the  steel  foundry  in  Vandergrift,  Pa,  and  was  later  made 
foreman  of  the  chipping  shop  at  this  plant.  In  1916,  he  was 
given  charge  of  steel  casting  sales. 

John  Duncan,  president  Illinois  Company,  St.  Louis,  Mo., 
and  formerly  president  of  the  Wheeling  Steel  &  Iron  Company, 
has  been  elected  a  director  of  the  National  Enameling  &  Stamp- 
ing Company. 

V  V 

J.  J.  Stoddard  has  been  appointed  general  manager  of  the 
Lakeside  Forge  Company,  Erie,  Pa.,  manufacturers  of  drop 
forged  wrenches  and  forgings.  Since  the  first  of  the  year  he 
has  held  the  position  of  sales  manager. 

V  V 

A.  H.  Hunter  of  Buffalo  has  resigned  as  president  of  the 
Atlas  Steel  Corporation.  E>unkirk,  N.  Y..  a  consolidation  of  the 
Atlas  Crucible  Steel  Company  of  Dmikirk  and  the  Electric  Alloy 
Steel  Company.  Youngstown,  Ohio.  Mr.  Hunter  was  formerly 
president  of  the  Atlas  Crucible  Company.  The  position  will 
remain  vacant  and  the  duties  of  president  will  be  performed  by 
L.  J.  Campbell  chairman  of  the  board  in  immediate  charge  of 
the  company.  Mr.  Campbell  was  previously  president  of  the 
Electric  Alloy  Company. 
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Fifteen  Years  ^1^0—*?^^^°^"^^ 

^  coke   oven   in- 

dustry received  an  impetus  from  the  introduction  of 
a  new  oven  that  has  carried  it  from  comparative 
obscurity  to  a  point  where  it  is  now  recognized  as 
one  of  the  basic  industries  of  the  country. 

Through  its  development,  coal  products  worth 
billions  of  dollars  have  been  saved  and  utilized  for 
the  benefit  of  the  nation,  creating  new  industries  and 
broadening  the  scope  of  others. 

The  part  played  by  the  Koppers  Company  in 
this  development  is  best  expressed  by  the  fact  that 
out  of  a  total  of  9,300  ovens  built  in  the  United  States 
and  Canada  since  1903,  when  the  first  Koppers  Ovens 
were  built,  7,196,  or  88%,  have  been  designed  and 
built  by  this  company. 

TrkflrfM '^^  Koppers  Company's  New  Oven 

•^  gives  an  even  greater  conception  of 

the  benefits  to  be  derived  from  the  by-product  coke 
oven,  establishing  a  standard  of  performance  that  far 
excels  anything  heretofore  attained. 

There  are  now  built  or  building  408  ovens  of  this 
new  design,  as  follows: 

Chicago  By-Product  Coke  Co.,  Chicago,  111.    .    .        5 

Carnegie  Steel  Co.,  Clairton,  Pa 36G 

Weirton  Steel  Co.,  Weirton,  W.  Va 37 

Total 408 


The  Koppers  Company 

PITTSBURGH,  PA. 
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Some  Pointers  on  By-'Product  Goke  Oven  Operations 


COMBUSTIBILITY  OF  COKE 

Further  work  on  the  combustibility  of  coke  and  relative 
re-activity  with  carbon  dioxide  is  being  conducted  by  the 
southern  experiment  station  of  the  United  States  Bureau  of 
Mines,  Birmingham-Tuscaloosa,  Ala.,  in  co-operation  with 
the  Pittsburgh,  Pa.,  station  of  the  bureau.  Two  variable  prop- 
erties of  coke,  namely,  its  combustibility  and  rate  of  oxidation 
of  "solution"  in  carbon  dioxide,  are  believed  to  play  an  im- 
portant part  in  its  performance  in  the  blast  furnace.  It  has 
been  stated  that  the  ideal  coke  should  come  down  to  the 
tuyere  zone  without  oxidation  by  the  carbon  dioxide  in  the 
stack  gases  (Gruner's  ideal  working)  and  should  there  burn 
rapidly  to  carbon  monoxide.  Laboratory  scale  tests  for  de- 
termining relative  combustibility  of  cokes  and  their  reactivity 
with  carbon  dioxide  have  been  developed  and  a  number  of 
by-product  and  beehive  cokes  tested.  The  relation  between 
these  values  and  the  physical  properties  of  the  coke  has  been 
studied.  A  comparison  of  laboratory  scale  test  results  and 
results  of  actual  furnace  practice  is  being  made. 


DETERMINES  ASH  IN  COAL  WITH  MILK  TESTER 

.\.  M.  Rogers,  a  research  worker  in  the  School  of  Mines 
at  the  Pennsylvania  State  College,  has  devised  a  novel 
scheme  for  estimating  rapidly  the  percentage  of  ash  likely 
to  be  contained  in  a  given  sample  of  coal.  By  means  of  a 
centrifuge  such  as  is  used  to  test  the  proportion  of  cream 
in  a  given  sample  of  milk,  he  has  succeeded  in  making  tests 
of  coal  in  a  few  minutes  whereas  the  previous  method,  which 
necessitated  the  burning  of  the  coal,  took  nearly  a  day. 

The  coal  to  be  tested  is  ground  finely  and  poured  into  test 
tubes  containing  a  liquid.  When  the  tubes  are  whirled  around 
rapidly  by  the  centrifuge,  the  slate  and  sulphur  go  to  the  end 
of  the  tube  and  the  combustible  part  of  the  coal  is  left  near 
the  top.  Graduations,  like  those  used  in  the  milk  and  cream 
tester,  show  at  once  the  proportion  of  waste  in  the  coal. 


TO  CLOSE  GAP  IN  BY-PRODUCT  COKE 
STATISTICS 

The  U.  S.  Geological  Survey  has  recently  been  getting 
a  monthly  report  of  by-product  coke  output  corresponding 
to  the  reports  received  during  the  war.  However,  figures  have 
not  been  available  for  1919  and  1920  and  the  survey  is  now 
planning  to  get  these  data  so  that  there  will  be  a  continuity 
of  record  from  1917  on. 

The  survey  is  urging  co-operation  of  the  industry  in  this 
matter.  It  is  recognized  that  the  data  are  of  very  great  in- 
dustrial significance  not  only  in  the  coke  industry  itself  but 
also  to  metallurgical  industries  and  fuel  users  generally.  An 
early  summary  of  the  data  is  promised  if  prompt  reply  is  re- 
ceived by  the  survey. 


TESTING   MATERIALS   SOCIETY   DEFINES   COKE* 

In  order  to  standardize  the  methods  of  testing  coke  and 
to  give  it  a  nomenclature  which  will  be  of  nation-wide  ac- 
ceptance, the  Society  for  Testing  Materials,  in  its  annual 
volume  of  tentative  standards,  has  included  a  chapter  entitled 
"Tentative   Definitions   of  Terms   Relating  to   Coke."     It   de- 

*Froni  Coal  Age,  November  23. 


fines  coke,  beehive  coke,  by-product  coke  and  gashouse  coke. 
Foundry  coke  from  beehive  ovens  it  designates  as  coke 
which  is  physically  and  chemically  suitable  for  use  in  foundry 
cupola  practice.  It  may  be  either  72  or  48-hour  coke.  The 
principal  diflference  ibetween  the  two  is  the  greater  size  of 
the  72-hour  coke,  due  to  thicker  coal  beds  employed  in  its 
preparation.  The  breeze,  or  fine  coke — smaller  than  approxi- 
mately 54-in. — is  forked  or  screened  out. 

Foundry  coke  from  by-product  ovens  is  coke  that  is  physi- 
cally suitable  for  foundry  cupola  practice  and  which  passes 
over  a  screening  device  having  approximately  2^  in.  open- 
ings.    It  is  not  produced  in  any  standard  coking  time. 

Furnace  coke  from  beehive  ovens  is  coke  that  is  physi- 
cally and  chemically  suitable  for  the  reduction  of  iron  ore 
in  blast  furnaces.  The  breeze  smaller  than  approximately 
54-in.,  as  in  foundry  coke  from  the  same  source,  is  forked  or 
screened  out.  The  usual  coking  time  is  four  48-hour  charges 
and  two  72-hour  charges. 

Furnace  coke  from  by-product  ovens  is  coke  that  is  physi- 
cally and  chemically  suitable  for  the  reduction  of  iron  ore  in 
blast  furnaces  and  which  passes  over  a  screening  device  with 
openings  varying  from  34  in.  to  Ij.^  in.,  depending  on  local 
conditions  at  difTerent  plants.  It  is  not  produced  in  any 
standard  coking  time. 

Domestic  coke  is  coke  of  the  smaller  screened  sizes,  below 
approximately  2;4  in.,  suitable  for  use  in  domestic  stoves, 
heaters,  etc.  The  standard  sizes  are  quite  generally  sold  un- 
der the  names  given  in  the  table  and  the  screened  sizes  are 
average,  although  locally  varied  somewhat. 

USUAL  SIZES  OF  DOM'BSTIC  COKE 

Size  of  Screen 
Name  Passing     Retained 

Egg    2'/^  In.  \3/4  In. 

Stove    m  '•  VA    " 

Nut     VA  "  H   " 

Pea   • H  "  y2    " 

Breeze     yi  "' 

The  chapter  also  defines  for  purposes  of  analysis  dry  coke, 
moisture,  ash,  volatile  matter  and  fixed  carbon.  Volatile  mat- 
ter is  described  as  that  part  of  coal  or  coke  which  on  heating 
is  driven  off  in  the  form  of  tars  and  gases  and  is  determined 
as  the  percentage  loss  in  weight,  less  the  percentage  of  mois- 
ture, sustained  on  heating  coke  in  a  covered  platinum  crucible 
for  seven  minutes  at  a  temperature  of  950  deg.  C. 

Obviously  coal  should  be  omitted  in  the  first  part  of  this 
definition  if  it  is  not  to  be  placed  in  the  last  part.  Certainly 
all  the  volatile  matter  driven  off  dry  coal  does  not  consist  of 
tars  and  gases  unless  steam  is  regarded  as  a  gas,  which  indeed 
it  is,  but  it  would  seem  that  the  words  were  put  in  purposely 
to  exclude  steam,  for  if  it  does  not  exclude  it  these  words  are 
entirely  useless.     The  definition  is  faulty  and  misleading. 

Dry  coke  is  defined  as  coke  which  has  been  dried  to  con- 
stant weight  at  temperatures  not  less  than  104  deg.  C.  nor 
more  than  200  deg.  C.  in  the  case  of  lump  coal  and  between 
104  deg.  C.  and  110  deg.  C.  in  the  case  of  60-mesh  coke.  This 
also  is  not  as  specific  as  it  with  advantages  might  be  made. 
Why  leave  a  range  as  great  as  that  between  104  and  200 
deg.  C.? 
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TRADE   PUBLICATIONS 
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TRADE    PUBLICATIONS 

Steel  Conveyors  —  Saiuhik  Sticl,  Inc.. 
233  Broadway.  \.  Y.,  has  issued  Catalog 
No.  18  which  contains  information  on  the 
application  of  the  steel  l)clt  in  conveying 
problems,  also  as  to  its  eflicienry  and 
economy.  Illustrations  are  supplemented 
with  fractional  views  of  various  units  in 
the  construction.  The  bookct  contains 
2  papcs. 

Alloy  Steels  —  The  Central  Steel  Com- 
pany, Massillon.  Ohio,  has  issued  a  44- 
page  booklet  {living  a  brief  story  of  the 
evolution  of  the  alloy  steel  industry,  and 
listing  many  parts  for  which  alloy  steels 
are  used.  Numerous  charts  are  includ- 
ed giving  chemical  and  physical  charac- 
teristics of  many  most  generally  used 
alloy  steels.  Specifications  are  also  given 
of  some  of  the  special  alloy  steels  inadc 
by  this  company. 

Combustion  Device  —  Crown  Fuel 
Saver  Company.  Richmond,  Ind.,  recent- 
ly issued  an  illustrated  circular  descril)- 
ing  a  device  for  introducing  supplement- 
ary air  for  combustion  immediately  above 
the  fuel  bed  of  coal-burning  furnaces. 
Barl  F.  Whitakcr,  30  Church  Street,  New 
York,  is  agent. 

The  Century  Electric  Company,  St. 
Louis,  Mo.,  have  issued  four  booklets  in 
which  many  types  of  motors  arc  de- 
scribed and  illustrated.  One  bulletin  is 
devoted  to  repulsion  start  induction  sin- 
gle p'liase  motors;  a  second  to  automatic 
start  induction  poly-phase  motors;  a 
third  to  split  phase  induction  motors  and 
the  fourth  to  squirrel  cage  induction  poly- 
phase motors. 

Stokers  —  The  Laclede-Christy  Clay 
Products  Company.  St.  Louis,  is  circulat- 
ing a  bulletin  describing  .Vrmour  &  Com- 
pany's experience  with  their  stokers.  The 
bulletin  is  well  written  and  illustrated. 
and  gives  much  data  of  value  to  prospec- 
tive stoker  buyers. 

The  U.  G.  I.  Contracting  Company,  of 
Philadelphia,  has  recently  been  awarded 
a  number  of  contracts.  They  will  install 
an  additional  carburctted  water  gas  ap- 
paratus for  the  Roanoke  Gas  Light  Com- 
pany, Roanoke,  Va.,  and  will  remodel  and 
improve  the  carburetted  water  gas  sets 
of  the  C.  H.  Geist  Company,  Glassboro, 
N.  J.,  and  the  two  sets  of  the  Lewiston 
Gas  Light  Company,  Lewiston,  Me.  The 
Old  Colony  Gas  Company.  East  Brain- 
tree,  Mass.,  has  also  decided  upon  exten- 
sive improvements  to  its  plant,  which 
will  be  carried  on  by  the  U.  G.  I.  Com- 
pany. The  Queens  Borough  Gas  &  Elec- 
tric Company  will  have  improvements 
made  on  an  extensive  scale;  and  the 
Equitable  Gas  Company  of  Pittsburgh 
has  made  arrangements  for  the  installa- 


tion of  three  U.  G.  I.  automatic  controls 
at  its  Elrama  plant. 
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NEW  SHEET  MILL  SHEARS 
The  Youngstown  Foundry  &  Machine 
Company,  Youngstown,  Ohio,  builders  of 
mill  machinery,  have  recently  added  to 
their  line  a  complete  set  of  heavy  squar- 
ing shears  for  sheet  mills,  embodying  the 
latest  features  of  design  and  construc- 
tion. These  machines  are  built  in  72,  108, 
126  and  l.i4-in.  sizes.  This  company  has 
also  recently  developed  a  sectional  angle 
straightening  machine  so  constructed 
that  it  may  be  furnished  with  7,  8,  9,  11 
or  13  rolls  as  desired.  These  machines 
are  so  I)uilt  that  the  number  of  rolls  may 
he  increased  readily  by  the  addition  of 
further  sections.  This  feature  will  un- 
doubtedly prove  to  be  a  great  advantage 
over  the  old  type  of  straightening  ma- 
chine in  common  use. 

WESTINGHOUSE       COMPANY 

MAKES    RECORD    SHIPMENT 

OF  ELECTRIC  LOCOMOTIVES 

Tlie  third  shipment  of  electrical  equip- 
ment for  the  Chilean  State  Railway,  con- 
sisting of  six  complete  electric  locomo- 
tives, the  largest  shipment  of  electric 
locomotives  ever  made,  recently  left  the 
East  Pittsburgh  Works  of  the  Westing- 
house  Electric  &  Manufacturing  Com- 
pany. The  shipment  was  valued  at  $700.- 
000  and  represented  a  partial  fulfillment 
of  the  $7,000,000  contract  awarded  the 
Westinghouse  International  Company  by 
the  Chilean  State  Railways. 

Thirty-nine  electric  locomotives,  IS  for 
road  freight  service,  six  for  express  pas- 
senger service,  11  for  local  passenger 
service  and  seven  for  switching  service, 
are  to  be  built  by  the  W^estinghouse  Com- 
pany for  the  Chilean  Railways.  The  six 
locomotives  in  the  recent  shipment  are 
of  the  road  freight  type  and  weigh  ap- 
proximately 103  metric  tons  each.  They 
are  capable  of  maintaining  an  average 
speed  of  35  miles  per  hour  when  hauling 
a  770-ton  train  on  any  part  of  the  line 
between  Valparaiso  and  Santiago,  e-xcept 
the  heavy  Tabon  grade. 

Freyn.  Brassert  &  Company,  Chicago, 
have  recently  taken  contracts  with  the 
Norton  Iron  Works,  Ashland,  Ky.,  for 
the  relining  of  one  of  their  hot  blast 
stoves  with  the  Brassert  Patented  Hot 
Blast  Stove  Lining,  also  with  the  Bel- 
font  Iron  Works  Company,  Ironton, 
Ohio,  for  installation  of  a  pig  casting 
machine  at  their  furnace  plant." 

Dayton  Steel  Foundry  Company,  Day- 
ton, Ohio,  have  just  purchased  a  three- 
ton  Moore  Rapid  'Lectromelt  furnace  for 
their  steel  foundry.  Their  trade  has  en- 
larged  to   the  extent   that  their   old   fur- 


nace equipment  will  not  take  care  of  it 
and  the  company  is  improving  its  equip- 
ment in  view  of  its  larger  business.  The 
'Lectromelt  furnace  here  replaces  two 
furnaces  of  another  make. 

Freyn,  Brassert  &  Company  have  re 
cently  contracted  for  installation  of  pat- 
ented Bacon  Waste  Heat  Boilers  at  the 
Bettendorf  Company,  Bettendorf,  Iowa, 
and  at  the  plant  of  the  Carpenter  Steel 
Company,   Reading,  Pa. 

The  Norwalk  Iron  Works  Company, 
pioneer  builders  of  compressors,  manu- 
facturing air  and  gas  compressors  for  all 
|)ur|voscs  and  also  refrigerating  machin- 
ery, with  general  offices  and  works.  South 
Norwalk,  Conn.,  has  just  opened  a  Chi- 
cago office.  It  is  located  at  627  W.  Wash- 
ington Boulevard  and  is  in  charge  of  Mr. 
L.  R.  Bremser  who  for  13  years  was  as- 
sociated with  the  Gardner  Governor 
Company.  He  is  tliorougUily  familiar 
with  all  angles  of  the  compressor  busi- 
ness. 

The  Underfeed  Stoker  Company  oil 
.\nierica  has  received  orders  from  the 
National  Enameling  &  Stamping  Com- 
pany for  all  the  sheet,  pair,  and  anneal- 
ing furnaces  for  their  new  plant  at  Gran- 
ite City,  III.  The  same  company  has  re- 
ceived an  order  from  the  Newton  Steel 
Company,  Newton,  Ohio,  for  a  pair  fur- 
nace for  their  new  plant. 

Work  has  been  started  by  Dwight  P. 
Robinson  &  Company  on  the  design  and 
construction  of  an  extension  to  the  plant 
of  the  American  Rolling  Mill  Company 
at  Ashland,  Ky.  The  extension  will  in- 
clude a  jobbing  and  sheet  mill,  and  a  gal- 
vanizing plant.  This  is  one  of  several 
undertakings  recently  awarded  to  Dwight 
P.  Robinson  &  Company. 
iiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii'iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiuiiiiiiiiiiiiiiiitii 

COMING  MEETINGS 
iiiiiiHiiiiiniiiniiiiiiiiiiiiiiiiiitiiimiiiiniiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiwrcmnuiiiiiii^ 

December  4-8  —  American  Society  of 
Mechanical  Engineering,  annual  meeting 
in  Engineering  Societies  Building,  New 
York.  Calvin  W.  Rice,  29  West  39th 
Street,  is  Secretary. 

December  7-13  — ■  National  Exposition 
of  Power  and  Mechanical  Engineering 
at  the  Grand  Central  Palace,  New  York. 

January  11-12 — American  Engineering 
Council  annual  meeting  headquarters  F. 
.\.  E.  S.,  24  Jackson  Place,  Washington. 
L.  W.  Wallace,  24  Jackson  Place,  Wash- 
ington, is  Secretary. 

February  17-22  —  L^niversal  Exposition 
of  Inventions  and  Patents,  under  the  aus- 
pices of  the  Universal  Patent  Exposition 
Corporation,  Grand  Central  Palace,  New- 
York. 

February  19-21  —  American  Institute 
of  Mining  and  Metallurgical  Engineers 
annua!  meeting  in  Engineering  Societies 
Building,  New  York.  F.  F.  Sharpless, 
29  West  39th  Street,  is  Secretary. 
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During  a  recent  acute  coal 
shortage  at  the  River  Rouge 
Plant  of  the  Ford  Motor  Com- 
pany the  four  large  Ladd 
Water  Tube  Boilers  were  fired 
with  a  combination  of  fuel  oil, 
blast  furnace  gas,  tar  and  pow- 
dered coal  and  an  average  load 
of  255'  (  rating  was  maintained 
throughout.  The  oil  burning 
equipment  was  installed  v/hile 
the  boilers  were  in  operation 
and  the  boilers  fired  with  this 
combination  without  a  time 
loss  of  any  kind. 

Here's  still  further  proof  of  the 
adaptability  and  flexibility  of  LADD 
BOILERS  for  power  plant  service, 
no  matter  what  conditions  may  arise. 

Do  you  have  ourjatest  Bulletin  ? 


THE  GEORGE  T.  LADD  CD. 

FIRST  NATIONAL  BANK  BUILDING 
1  PITTSBURGH,  PENNA. 


o  '       ■        ■  ■       '     ' 

CHICAGO  OFFICE  :  528  MCCORMICK  BLDG.  CHICAGO, ILL. 
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Wilson's  Correspondence 
Schools 

Blast  Furnace  and  Steel  Plant  man- 
agers know  the  Chemistry  of  the  raw 
materials  and   finished   product. 

Wilson's  Correspondence  Schools 
teach  those  who  do  not  but  wish  to 
know  how  to  analyze,  calculate  charges 
and  become  proficient  in  the  indus- 
tries for  $30. 

It  also  has  a  course  in  Cost 
Accounting. 

E.   B.  WILSON 

Principal. 

Box  141-B  Scranton,  Pa. 
tf 


iiK.WY  in"rv  i,m;i.\i.  u.\i;iiAi.\s 

1— I.Sx.'lfi  Hinilltnn    CorliSH 

1— ifix42  Ohio  Corliss 

1— L'2xl'.>  nnmlltcin    Corliss 

1  ■-22X-1.S  KcMlliorstoiio    Corliss 

REGVL.VR   IIF.WV   DTTY    KOLLl.VG 
.MILL  I-.XGINK.S 
1     JlxIlO  Todd   nitli   rope  drive  wlieol 
I     ■Jlxllli  Mes1;i    Corliss 

BOILERS 
.-. — r,OTlP.   It.  .^    W.   200-lh.    ASME 
■-' — 200-111'.    lli'iiio    type     t'tiioii      Iron      Works 
\\'ator  tiilie  I)oilprs,  185  ll>s.  stoitni   pressure 

Iron  W»irk'iig  Mapliinery  of  All  Kinds 


PHI 

rj2 


CLE  VI 


IL.VXD  BELTING  &  M.\cnT.  CO. 

Cleveland.    Ohio 


YOrXG  MEN — nigh  grade  to  travel  through 
the  gre.-it  niannftu'tnring  and  inrhitrial  dis- 
tricts tt)  iiist;ill.  inspect  and  test  electrical  in- 
strument and  teinperaturo  controlliiig  e^inip- 
inent;  special  consideration  -nill  he  given,  to 
applicants  having  had  experienee  in  handling 
instruments  meters,  gauges,  recorders,  con- 
I  rollers,  etc..  educated  men  preferred;  nnusual 
chance  for  promotion.  \\'rite.  state  experi- 
ence, ednc.ition.  age  nnd  s:ilary  desired.  Box 
K  P  M.  care  of  Blast  Furnace  an«l  Steel  Plant, 
lOS  Smithficlrt  St..  Pittsliurgh,  Pa. 
TJl 


WANTED 

Salesman     with     practical     steel     works    ex- 
perience open  ftir  higli  grade  line  S()ld  to  mills 
:ind    foundries.      TMtt.**I>nrgh    .and    vii-lnlty. 
BOX   K    X   V 
Care  of  Blast   Knriitice  and   Steel  Plant 
lOK  Smithfield  St.  Plttshurgh.  P:i. 

un 

These  columns  pro- 
duce RESULTS. 

RESULTS  count; 

Good  men  and  good  jobs 
can  be  obtained  by  using 
the  Classified  Section  of 
the  Blast  Furnace  and 
Steel  Plant. 

Write  for  Rates. 
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For  Sale  and  Miscellaneous 
Help  and  Positions  Wanted 


4    or   more 

1  time 

times 

Page    7'   X    10' 

.     $40.00 

$35.00 

'A  page— 7'  X  5"  or  SYi'  x  10". . . 

20.00 

15.00 

%  page— 2H"  X  7"  or  3j/^"  x  5". . 

10.00 

7.50 

3    inches     

6.00 
4.00 
2.00 

3  00 

2    inches     

3  00 

1    inch    

1.50 

Copy  should  be  in  publication  office  by  15th  of  each 
month  for  issue  of  1st  of  following  month.  A  copy 
of  each  issue  containing  advertisement  is  sent  to  ad- 
vertiser. No  extra  charge.  Remittance  should  accom- 
pany advertisement. 
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CONTINUOUS 

AUTOMATIC 

BAR    STRAIGHTENERS 

Could  be  made  a  profitable  addition  to  the  equipment  of  any  plant  where  economy  in  production 
is  a  consideration. 

This  machine  is  economical  and  efficient. 

It  straightens,  polishes,  and  cold  rolls  in  one  opera- 
tion, one  bar  following  another  as  closelj'  as  possible. 

Chucking  is  eliminated  and  the  machine  can  be 
operated  by  ordinary  labor,  straightening  from  y^"  \o 
6 "  bars  from  40  to  80  ft.  per  minute. 

Write  for  our  Machinery  Catalog. 

The   Medart   Company 

(Formerly  Medart  Patent  Pulley  Co.) 

Office  and  Warehouse,  Offices 

St.  Louis,  Mo.  Chica£:o   and  Philadelphia 

Branch    'ill    \'ine    St.,    Cincinnati,    Ohio 

Offices  and  Works,  St.  Louis,  Mo.,  U.  S.  A. 
"To  get  the  right  start  —  EquH>  with  •HIDABT'" 
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IllclS         insures  100%  operating  efficiency 
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Thomas    Flexible    Coupling   Co.,   Warren,   Pa. 

Pittsburgh  Philadelphia  Cleveland 

Empire  Bldg.  136  Chestnut  St.  Hippodrome   BIdg. 

Chicago  Agents:    Williams  Beasley  Company 


Coupling 
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HOMER    OF   CLEVELAND 
COMMUTATORS   ONLY 


Homer  Assembled  Commutators  are  made 
from  Hard  Drawn  Copper  and  are  insulated 
with  Aiiiher  Mica  Plate.  The  V's  are  carefully 
machined,  particular  pains  being  taken  to  avoid 
drng^ging  the  copper  into  the  mica  segments. 

The  wire  band  holding  the  Segments  together 
is  soldered  and  insulated  from  the  Segments. 
This  permits  the  .Segments  being  tested  for  shorts 
before  moimting  on  the  core. 

Deliveries  can  be  made  promptlv.  We  will 
appreciate  your  next  inquiry. 

The  Homer  Commutator  Co. 

4748  Hough  Ave.  N.  E. 
Cleveland,  Ohio 
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PORTERI 
LOCOMOTIVI 


H  KPORTER  C< 

PlTTSBUnO»<.PA. 


IN.^^5LHEa^=4 


f^^li^^^ifM 


.NORTHERN  ENGINEERING   WORKS 

de:ti=*oix    rvMCt-t^    LI,  s    >=^ 


JUST  OUT! 

Hoyt's  Metallography — Part  II  Metals 
and  Common  Alloys 

462  Pages,  6x9,  illustrated,  $5.00 
An    authoritative    and    up-to-date    treatment,    tak- 
ing up- 
Pure  Metals  Brasses  and  Alloys 
White  Metal  Alloys  Steel  and  Cast  Iron 
Light  Metal  Alloys  Special  Steels 

It  is  the  second  volume  in  the  series.  The  first 
book,  "Principles,"  was  published  last  year.  The 
third  volume,  "Technical  Practice,"  is  in  prepa- 
ration. 

When  you  go  to  a  book  for  information,  you  want 
the  most  recent  developments.  Here  is  a  book  that 
is  timely,  complete  and  covers  the  latest  research 
material.  It  goes  into  a  field  where  exact,  scientific 
information  is  of  vital  importance. 

No  refernce  library  can  be  complete  without  Hoyt's 
Metallography. 

Part      I.     Principles    $3.00 

Part     II.     Metals  and  Common  Alloys 5.00 

Part  III.     Technical   Practice  in  Preparation. 

Book  Department 

The  Blast  Furnace  and  Steel  Plant 

Thaw  Building,  Pittsburgh,  Pa. 


BLAST    FURNACE    CONSTKCCTION    IN    AMERICA 

By  J.  E.  JohusoD.  Jr. 
410  pages.  6x9,  over  250  Illustrations,  $4.00. 
I.  HandllDg  the  Raw  Materials.  II.  Filling  the  Blast-fur- 
nace. III.  The  Boiler  Plant.  IV.  Blowing  Apparatus.  V.  Hot- 
Blast  Stoves.  VI.  The  Construction  of  the  Blast-furnace  Stack. 
VII.  Cleaning  and  Washing  the  Gas.  VIII.  Handling  the  Iron 
and  Cinder.  IX.  Auxiliaries  and  General  Arrangement  of  Plants. 
X.    The  Dry  Blast. 

Book   Dcpt.,  The  Blast  Furnace  and   Steel   Plant, 
Thaw   BldK..   PlttsburBh. 


smsi.E 

HOOK 


GRAB  BUCKETS 

EDGAR  E  BROSIUS      PITTSBURGH.  PA. 
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CONTINUOUS    HEAT    TREATMENT 

The  ideal  condition — better  heating  at  lower  cost — is  npproflched  when  the  heat  Is 
applied  to  each  piece  in  the  same  manner,  for  the  same  time,  at  the  same  rate,  and  at  the 
same   temperature. 

The  automatic  furnace  most  easily  meets  tlie  requirements  by  insuring'  the  grad- 
ual heating  of  each  piece  in  the  ssiine  manner,  for  the  same  time,  at  the  same  rate, 
and  at  the  same  temperature. 

It  also  has  the  advantage  of  increasing  output  in  proportion  to  labor,  fuel  and 
Boor  space,  as  one  man  with  an  auton.atic  furnace  can  do  more  work,  at  less  cost, 
than  two  or  three  men   with   a   furnace*   uperating  on   the   "batch"   principle. 

Many  intermating   applications    of   the  continnovs  method   to  the  field  of 
industrial  hmating  arm  shown  in  Bulletin  234-V. 

}Vrit9  for  copy  to  nearest  branch. 


CHICAGO 

ICllsworth  Bldg. 


Branches : 
CLEVELAND  DETROIT        MONTREAL.  CAN. 

Engineers'  Bldg.      Majestic  Bldg.    35S  Beaver  Hall  Sq. 


Kolar.'k     All 

np,T; 


toniatic    lii'm^niu't's    in    "■(■rn-s 

tit  inn    heat-treat  mi'nt — norm; 

hartleningr    and    drawing. 


li/in-. 


three-      British  Representative:    Gibbons  Bros.,  Ltd.,  Dudley,  Wore,  England 


giiiiiiiiiiiiilliiiiii[iiiiiiiiiitiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiii][mMiiiiiiiiiiiiii!iiiiiiiiiii^  iiiimii^ 

1  ARE  YOUR  CRANES  DEPENDABLE  I 

Are  your  cranes  stand-  i 

ing    up    under    hard    and  | 

continuous    service?  = 

The    O.    S.    Locomotive  1 

Cranes     are     ruggedly  h 

constructed,       built       to  f 

withstand       the       severe  e 

steel    mill    service.      This  § 

sort    of    crane    will    save  E 

you      money      through  | 

minimizing      breakdowns  e 

and       consequent       inac-  e 

tion    all    around.  e 

We   solicit    your   inves-  j 

ligation.  f 

Orton  &  Steinbrenner  Co.,  Chicago,  111.  | 

Factory :      Huntington,   Indians.  = 


I 
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PULVERIZED 

COAL 
EQUIPMENT 

AERO  PULVERIZER  CO. 

165  Broadway,  N.  Y. 


CUT  GEARING 

Spur,  Bevel  and  Worm  Gearing 

MADE  FROM 

CAST    STEEL,    FORGED    STEEL, 

CAST   IRON,    BRASS,    RAWHIDE 

Etc.,   Etc. 

Builders  of  special  machinery. 

Special  attention  to  quick  repair  work. 

The  Simonds  Manufacturing  Co. 

Pittsburgh,  Pa. 


Taylor-Wilson 
GEARS 


P^!iSiSSJ®ffl 


JAWCUS, 


W^MILL      |R!M!4AASSS^    SPUR 
DRIVES   IS^^KJJSSroW^^  WORM 

SPEED  REDUCERS  ^^^^^^^^^^^^^^^^^  BEVEL  GEARS 

FAWCUS  MACHINE  CO. PITTSBURGH,  PA. 


EXTENSION     SIDE     DUMP     CARS 

:'.0  i-u.   yils:.   Level   Full; 
43  cu.  yds.  Normal  Loading; 
^—^^  100,000  pounds  A.   R.  A.  Capacity. 

(J^P,TTSBURGH  CLARK  CAR  COMPANY 

\V^5^  PITTSBURGH,  PA. 

^"^  Boston— 683   Athmtio  Avenue 


Machine  Molded  or  cut  gears  for 
any  purpose — to  your  specifica- 
tions, Bevel,  Spur,  Miter,  Worm, 
Spiral,  Internal,  etc.  Get  in 
touch  with  us  to-day. 

"AYLOR-WILSON  MFG.C 

Engineers -Founders-Machinists 

MAIN  OrriCC  AND  WORJ^^  MIKCCS  Rocrvs.PA. 
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DioDUfFi, 


rnacor-Jiool  rianr 


..i23asc3eisiE*«f*'y> 


CYLINDER  — 
OPERATED— 

-GATE- 
VALVES 


are  built  for  any  pressure  or  service — 
the  motive  power  may  be  either  water, 
air  or  steam. 
Special  attachments  for  use  with  verti- 


ca 


1  cvlinders  mav  l)e  obtained. 


Lrt 


■lid  cctnpJcii'  data. 


PITTSBURfiH  VALVE  FOUNDRY  &  CONSTRUCTION  CO. 

PITTSBURGH,  PENNA. 
Dislrict   OIHces: 
NEW    YORK  BOSTON  CHICAGO 

ao  Cluiroli   St.  I'J   Milk    SI.  StiO  Mound nocl;  KliU'. 

I>niLAI)EI>Ir'HIA  CDEVELANI) 

nor.   Widi'iicr   Bltig.  VM)   Kirljy    Bldg. 


The  Babcock  &  Wilcox  Co. 

85  Liberty  Street,  New  York 

Established  1868 


Water  Tube  Boilers 
Steam  Superheaters 
Chain  Grate  Stokers 

BRANCHES 

Bnaton.  40   Fedprnl  Street 

Philadelphia,   North   Araoric.nn   Building 

PittsbiirBh.  Farmers  Deposit  B:ink  Building 

Cleveland,  Guardian  Building 

ChlcaBo.   Martjuette   Building 

nelrolt.   Ford    Building 

Cincinnati,  'Iraction   Building 

Atlanta,   Candler  Building 

Tiieson.  Ariz.,  '1\  South  Stone  Avenue 

New   OrleanH,  Ty'2\-^  Baronne  Stre<?t 

Honhton,  Texas,  Southern   Pacifie  Building 

Dallas,  Texah.  2001  M.ignolia  Building 

Denver    4^.'i   Seventeenth   Street 

Salt  Lake  City,  70o-6  Kearns  Building 

San   Franeiseo,   Sheldon   Building 

1,0s  AnBeles,  404-406  Central  Building 

Seattle,   I-.   C.    Smith   Building 

Havana,  Cuba,  Oalle  dc  Agniar  1'14 

San  Jiinn.   Porto  Rico,  Roval  Bank   Building 

Honolulu,  H.  T.,  Castle  &  Cooke  Building 
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SHAPE  STRAIGHTENER 


and  CUTTER 

handles  Squares,  Hex- 
^     agons  and  Flat  Stock. 


Takes  it  from  the 
coil,  straightens 
two  ways,  and 
cuts  to  accurate 
lengths.  Steel, 
Brass  Aluminum, 
all  kinds  of  spe- 
cial alloys,  etc., 
with  equal  facil- 
ity. 

The    universal 
joints  on  the  roll 
and    roll    gear    shafts 
give    independent    ad- 
justment  to   all   rolls, 
permitting   several    sizes    of    any 
one  shape  to  be  handled  in   one 
set   of   rolls.     A    patented   clutch 
mechanism  stops  the  feeding  of  the  stock  while  the  cutting  off  is  done. 


The  F.  B.  Shuster  Co., 


Formerly  John  Adt  &  Son 

Established    1866 


Belt,    or   motor    drive,    as    re- 
quired. 

Glad    to    furnish    further    information 
and  catalogue  on  receipt  of  specifications. 

We  also  make  machines  for  rounds. 

New  Haven,  Conn. 


Hot 
Rolled 


Cold 
Rolled 


Strip  Steel 

of  exceptional  quality  for 

Blanking,  Stamping  and  Deep  Drawing 
STEEL  HOOPS  AND  BANDS 

Plain,  Pickled   and   Box  Annealed 


West  Leechburg  Steel  Co. 

Farmers  Bank  Building,  Pittsburgh,  Pa. 


Union  Drawn  Steel  Co. 

GENERAI,  OFFICES  AND  WOBK8 

BEAVER     FALLS,  ....  PENNA. 

SLANCFACTCBEBS    OF 

COLD    DIE-ROLLED 
STEEL     AND     IRON 

SH A  FT ING 

Pump    Rods,    Piston    Rods,    Roller 
Bearing     Rods     and     Screw     Steel 

BONDS,        8QCABE8,        FLATS,        HEXAGONS        AND 

STBEET         CAB         AXLJ;S,         SPECLAL        SHAPES 

TBCE  TO   SIZE  AND  HIOHL.T  POLISHED 

CHROME,    NICKEL    AND    VANADIUM     STEEL 

Warehoni.a:  Bnuch  Sal.i  OnoM: 
New  T.rk             Cincinnati  Bolton 

Clileaco  Dolr.lt  BnVal. 

Pkll»d.lpkla  OI.T.taad 


JohnA.Savage&Co. 

IRON  ORE    &.  PIG    IRON 

DULUTH 


ALL   GRADES    OF 

LAKE   SUPERIOR   IRON    ORES 


HIGH    GRADE 
LOW  SILICA 

MANCANIFEROUS  ORES 

4T0  24%  MANGANESE 


SALES  OFFICE 

821  DIXIE  TERMINAL 

CINCINNATI 
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Accumulatora — Uydraollc. 
BlrdBburo  Steel  t'dy.  &  Mch.  Co. 
Blaw-Kuux   Co. 
Garrlsou,  A.,  Foundry  Co. 
Macklutosb,  Uempblll  &  Co. 
Mesta   Machine   Co. 
UDlted  Kug.  &  Foundry  Co. 

Acetylene — UUsoIved. 

Llude  Air  Products  Co. 
Oiweld  Acetyleue  Co. 

Acid-Proof  rroductH. 
Jobns-Maovllle  Co. 

Acid  Tanks. 
Blaw-Kuox  Co. 
KeUogg,  M.  W.  Co.,  Tht 

Aconltlca. 

Jotins-MaDTllle  Co. 

"Adanilte." 
FlttBburgb  Iron  &  Steel  Fdy«   Co. 
United  En(.  &  Fdy.  Co. 

Arltaton. 

Blaw-Knox  Co. 
Chapman  Eng.  Co. 

Air   Compreisors. 
Allla-Cbalmers  Mig.  Co. 
Blaw-Knox  Co. 
General  Electric  Co. 

Hi...v,u.  ((Wens.   Keiitscliler  Co. 
Ingeraoll-Rnnd  Co. 
Meata   Macblne  Co. 
Westlnghonae    Elec.    *    Mfg.    Co. 

Air  TalTa*. 

Felix  McCarthy. 


AUoya. 
0«»  Steel  Co.,  The 
U.  8.  BcdBCtlon  Co. 


Annealing  Fota^Lap  Welded. 
Blaw-Knox  Co. 
Kellogg,  M.   W.  Co.,  Th*. 

Appllancea — Steel    Works. 
Felix  McCarthy. 


Asbestos  Materials. 
Jobna-MacrlUe  Co. 


Automatic  Air  Damp  Cars. 

Clark  Car  Co. 

Automatic    Buckets. 
Orton  &  Stelnbrenuer  Co. 


Automatic  Gas  Producers. 

Wood.  K.  D.  &  Co. 


Automatic    Smokeless    l-'uruaces. 
Babeock  i   Wilcox  Co.,  The. 
Weatlngbouae  Electric  &  Mtg.  Co. 


UaTUes. 
Jobus-ManTllle  Co. 

Bands. 

West  Leecbburg  Steel  Co. 


Bar    Straightening    Machines. 
Medart  Patent  Pulley  Co. 
Stauiter  Co.,  F.  B. 


Barometers. 
Taylor   InitrumeBt   Co. 


Blocks — Die. 

American    Steel   Foondrlea. 
HeppenataU    Forge    A    Knlte    Co. 

Blowers — Turbine. 

General  Electric  Co. 
Ingersoll-Uand  Co. 
Weatlngbouae    Elec.    &    Mfg.    Co. 

Hlox^inx   Kn;{:inei«. 
lIiMiven,  Owens,  Rentscblcr  Co. 

Blue  Gas  Plants. 

U.  G.   I.   Contracting  Co. 

Boilers. 

Babcock  &  Wilcox  Co.,  The 

Badenbuuaeu,   Phillips. 

Blgelow  Co. 

EAge  Moor  Iron  Co. 

Ladd  Co.,  Geo.  T. 

Meeban  Boiler  &  Conatructlon  Co. 

Springfield   Boiler  Co. 

Boiler  Insulation.  •'* 

Celite  Products  Co. 
Johus-ManvlUe  Co. 

BoUei    Bettings. 
Ladd  Co.,  Geo.  T. 
Hydraallc  Press  Brick  Co. 

Boiler  Wall  Coating. 

Jobns-MaDTlUe  Co. 

liiiilers — Water   Tnbe. 
Babcock  &   Wilcox  Co.,  The. 
Blgelow  Co. 
Edge  Moor  Iron  Co. 
Ladd  Co.,  Geo.  T. 
Meeban  Boiler  &  Construction  Co. 
Springfield   Boiler   Co. 


Boiler    Feed    Purification. 
Scalfe,  Wm.  B.  t  Bona  Co. 


Brick — Chrome,    Magnesia,   BUIca. 
Amer.  Enameled  Brick  A  Tlla  Cn. 
American  Uefractorles  Co. 
Harbison- Walker    Kef.    Co. 
Mutton  Hollow  Fire  Brick  Co. 
Pyro  Clay  Prodacts  Co. 
Taylor,  Chai.,  The  Bon*  Co. 


Brick — Blast    Furnace. 
Amer.  Enameled  Brick  &  Tile  Co. 
American   Refractories  Co. 
Ashland  Fire  Brick  Co. 
Clearfield  Brick  Mfg.  Co. 
Harbison-Walker   Kef.  Co. 
Hydraulic  Press  Brick  Co. 
Kier  Fire  Brick  Co. 
Mutton    Hollow   Fire  Brick  Co. 
Pyro  Clay  Products  Co. 
SolBSon    Fire   Brick    Co.,   Joa. 


Brick — Boiler   Settings. 
Amer.  Enameled  Brick  &  Tile  Co. 
American   Refractories  Co. 
Ashland  Fire  Brick  Co. 
Clearfield  Brick  .\Ifg.  Co. 
Harbison-Walker  Ref.  Co. 
Hydraulic  Press  Brick  Co. 
Kler  Fire  Brick  Co. 
Mutton  Hollow  Fire  Brick  Co. 
Pyro  Clay   Product*  Co. 
Solsson   Fire  Brick  Co.,  Jo«. 
Taylor,  Chas.,  The,  Song  Co. 


Brick— Fire. 

Amer.  Enameled  Brick  t  Tile  Co. 
American   Refractories  Co. 
Ashland  Fire  Brick  Co. 
Clearfield  Brick  Mfg.  Co. 
Harbison-Walker  Ref.  Co. 
Hydranllc  Press  Brick  Co. 
Kler  Fire  Brick  Co. 
Mutton  Hollow  Fire  Brick  Co. 
Pyro  Clay  Products  Co. 
Solsson  Fire  Brick  Co.,  Jo». 
Taylor,  Chas.,  The  Sons  Co. 


Alnnainam. 
U.  B.  Redsctlon  Co. 

Ammonia    Distillation    Plants. 
Bemet-Solvay    Co. 

Ammonia    Recorerj    Apparatns. 
The  Koppers  Co. 

Angle  and  Straight  Stem 
Thermometers. 
Taylor   Instrument  Co. 

Anaaaling  Boxes. 
American  Bteel  Fo«ndri»s. 
Blrdabore  Bteel  Fdy.  *  Mch.  Co. 
Blaw-Knox  Co. 
KeUogg,  U.  W.  Co.,  Th« 
MeaU  MacklB*  Co. 
VaUt*  BBf .  *  Tir.  Ob- 


ABBaallag  Bozaa  aa4  Ourlen. 

BUw-Knox  Co. 


ABBeallBg  raraaees  aad  OT*as. 

6«B«ral  Blaetrlc  Co. 
■Uctrlc  rmraaca  Conatr.  Oo. 
Morgan    ConitmcUon    Co. 
Kackwall  Co.,  W.  8. 
Waitlnrhomie   Blec.   *   Uff.    Co. 


ABBaallBC   P««a— Targa   aad    Haa- 

BUw-Kb*Z  CSi    ^     —, 


Beama. 
Kratzer  A  Co., 


W.  N. 


Bearings  and   Bearlag   Metal. 

Lawrencevllle    Bronze    Co. 


Bearings — Roller. 
American  Roller  Bearing  Co. 
Hyatt  Roller  Bearing  Co. 


Beaters. 

Joseph    L.    Hlllcr. 

Benches — Draw     Wire,     Blrat 
Bolt  Works. 

Morgan  Conetmctlon  Co. 

BendlBg  aad  BtralghtealBg 
Machines. 
Satton-Abrmnisen  Bng.  Oo. 

Bssiial  B«e«Tar7  riaata, 
Tk*  Koppara  O*. 


Blast  Tmrmmtw: 

Arthur  G.  McKee  A  Co. 
Maakao  B«U«r  A  Cooatr.  Oa. 


Boilers — Waste  Heat. 

U.  G.   I.   Contracting  Co. 

Boxes    —    Annealing    Furnace    and 
Oven. 

American  Steel  Foundries. 

Btrdsboro  Steel  Fdy.  A  Mch.  Co. 

BUw-Knox   Co. 

Meeban  Boiler  A  Conctmctlon  Co. 

Mesta  Machine  Co. 

United  Engineering  A  Fdy.  Co. 


Boxes — ^Annealing  Famaeo  A  Otob. 

KeUogg,  M.  W.  Co.,  Tho 

*'     Bradshaw   Burners. 

The  Gas   Combastlon    Co. 


Brakes— Kleotrle,    Magnetic,    Craae. 
CDtler-Hammer  Mfg.  Co. 
■loctrie  ControUer  A  Mfg.  Co. 

Braka  Baad  Ualag. 

Jchni-ManTlUa  Co. 

BraalBg  Oatflts. 
Ozweld  AcatyloB*  Oo. 


Blast  SatM. 

aoekwall,  W.  ■. 

"BUw"   Baakata. 
•Uw-KaM  O*. 


O*. 


Brake* 


-DUe. 


CBtlsr-Hammer  Mfg.  Co. 
Electric  ControUer  A  Mfg.  Oo. 
Madait  Patent  PaUay  Co. 


Brakaa— Motar   Oi»ala<. 
Catlar-Hanuaar  Mlg.  Oow 


Brick — Heat  Insulating. 
Amer.  Enameled  Brick  A  Tile  Co. 

Johns-Manvllle  Co. 
Mutton  HoUow  Fire  Brick  Co. 
Pyro   Clay   Prodncta   Co. 
Taylor,  Chas.,  The  Sons  Co. 


Brick — Locomotive  Fire. 
Amer.  Enameled  Brick  A  Ttle  Co. 
Clearfield  Brick  Mfg.  Co. 
Harbison-Walker   Ref.  Co. 
Hydraulic  Press  Brick  Co. 
Mutton  HoUow  Fire  Brick  Co. 
Pyro  Clay  Prodacta  Co. 
Taylor,  Chai.,  The  Sana  Co. 


Brick — Noxxles,  Bleevee  and  Banner 
Amer.  Enameled  Brick  A  TU*  Oo. 
Matton  HoUow  Fire  Brick  Co. 
Pyro  Clay  Prodacta  Co. 


Bridges   aad   Btraetaral   Work*. 

Blaw-Knox  Co. 

Kratier  A  Co.,  W.  N. 

Maeban  BoUer  A  ConatiraetloB  O*. 

Mt.  Yarnon  Bridge  Co. 


Backets— Clam       SheU,      Grab 
Orange  Peel  (or  Coal  aad  Or*. 

Blaw-Knox  Co. 
Bdgar  B.  Broalaa 


Baekstara— O.  H. 

BIbw-Kboz  Co. 
National  BoU  *  Viy. 


Co-operate:— Refer  to  The  Blast  Furnace  and  Steel  Plant 


TkoBksfF, 


urnacp , 


/^ 


Sieol  PL.,f 


61 


Sand  and    Chilled 

ROLLS 

One    Plant    Devoted    ExcluBively    to 
Rolls. 

Rolling      Mill      Machinery, 
Special  Machinery. 

Ingot     Cars,     Shears     and 
Roll  Lathes 

Straightening  Machines, 
Engineers— Fonnders— Machinist 


Alligator  Sbear. 


Vertical    Shear. 


The  Youngstown  Foundry  &  Machine  Co.  youngstown,  ohio. 


Hotel  Continental 

Broadway  at  Forty-first  Street,  New  York  City 

lu    the   Heart    of  the  City 

A  Modem,  Up-to-Date  High  Class  Hotel 

F\lve  minutes  from  the  Pennsylvania  and  Grand 
Central  Terminals,  within  easy  access  of  the  retail 
shopping    district    and    surrounded    by    forty    theatres. 

300  OUTSIDE  ROOMS 

Each  with  private  bath 

RATES— Single,  $2.50  per  Day  Upward 
Double,  $5.00  Upward 

Comfort  of  our  guests  our  first  consideration 


tiiiiiiiiiiiiiiiiNJJiiiiiniiiiiiiniiiiiiiiunniniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiinnniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiniii^ 


ON  THE  OCEAN  FRONT 


FIREPROOF     I 


THE  BREAKERS 

ATLANTIC  CITY,  N.  J. 

Unusually  Attractive  During  Autumn  and 
Winter  Seasons.     Rates  Greatly  Reduced. 

Luxurious,  heated  Solarium,  bathed  in  Sunshine, 
overlooking  the  ocean,  where  charming  afternoon 
musicales  and  complimentary  "Five  lO'Clock"  fTea 
Service  invite  complete  relaxation  after  your  return 
from  an  outing  on  the  exhilarating  Boardwalk,  or  from 
the  Golf  Course. 

American  and  European  Plans 

New  Golf  Club  Privileges  Fireproof  Garage 

fiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 


FORCINGS 

PRESSED  AND  HAMMERED 

HEAT  TREATED 

CARBON  AND  ALLOY  STEELS 


<^ 


Shear  Knives 

FOR  HOT  OR  COLD  SHEARING 
OF  SHEETS,  PLATES,  BARS,  ETC. 


Heppenstall  Forge  &  Knife  Co. 


PITTSBURGH, 
PENNA. 


BRIDGEPORT. 
CONN. 


—  WORKB  - 
SALES   OFFICES   IN   PRINCIPAL   CITIES 


The  STEWART  FURNACE  COMPANY 

Successor  to  STEWART  IRON  COMPANY,  Ltd. 

Manufacturers  of 

Low  Phosphorus     T^  ¥  g^^       ¥  ¥^  g^\  TWT 
and    Bessemer     K      1  V3      1  Ix  V^  1^ 

CLEVELAND      works  at  Sharon,  Pennsylvania      OHIO 
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BuilOlncil. 

Blaw-Knox  Co. 
Kratzer  &  Co.,   W.   N. 
Mt.  Vernon  Brldg*  Co. 


BDlldlnsa,   Portable   »t—t. 
BUw-Knoz  Co. 


Biilklieadi — O.  H. 
BUw  Knox  Co. 
N«tlonal  KoU  tc  Ffly.  Co. 


Bulldoier*. 
Oarrlion   Fonndrj  Co.,  A. 
Uorg&n  Conitraetloo  Co. 


Burners. 

Gas  Combustion    Co. 


Bomara — G«"  "nd  Oil. 
RockweU  Co.,  W.  8. 


Br-Prodnct     Coke    and     0«a    Ot 
PIknta. 
Koppen  Co.,  The. 
fl«met-8olvay    Co. 


Cmt» — Damp. 

Clark  Car  Co. 

Yo»ng«town  Fdy.  *  Mch.  Co. 


Oar* — ^Bxtenaton  Bide  Dnmp. 
Clark  Car  Co. 


Oara— Het   Metal. 

Blaw-Knox  Co. 

Ueeban  Boiler  *  Conat  ruction  Co 

Toengatown  Fdy.  &  ii<:^-  Co. 


Cars — Scale  and  Tranhfer. 
Arlhur  G.  McKeo  &  Co. 


Cars — Slag. 
Blrdaboro  Steel  Fdy.  A.  Mck.  Co. 


Car  a — Indnatrlal, 
Toungatown  Fdy.  A  Mck.  Co. 


Cars — Ingot,   Open   Hearth,   Charg- 
ing. 

Mesta    Machine   Co. 


Oaattnga. 

American  Bteel  Foeodrlea. 
Blrdaboro  Bteel  Fdy.  *  Uek.  O*. 

Mesta    Machine    Co. 


Caetlngn — Brasa. 

Conncllsvllle  Fdry.  Mach.  i.  Steel 

Casting  Co. 
Lawrencevllle    Bronze   Co. 


Oaatlngn — Brana  and  Bronie. 

Lawrencevllle    Bronze    Co. 
Meata  Machine  Co. 


Castings — Copper. 

Lawrencevllle    Bronze   Co. 


Caatlnga — Electric  Bteel. 

American  Bteel  Fonndrlea. 
Blrdaboro  Steel  Fdy.  *  Mck.  Ce. 
Wheeling  Mold  *  Foandry  Co. 


Caatlnga — Gear. 

American  Bteel  Foandrlee. 
Blrdaboro  Steel  Fdy.  *  Mcb.  Co. 
Conncllsvllle  Fdry.  Mach.  &  Steel 

Casting  Co. 
Garrlaon  Foundry  Co.,  A. 
Macklntoah,  Hemphill  *  Co. 
Meata  Machine  Co. 
Plttahorgh  Iron  &  Steel  Fdya.  Ce. 
Standard    Engineering   Co. 
Taylor-WllaoB  Mfg.  Co. 
United  Engineering  k  Fdy.  Co. 
WbeeUng  Mold  A  Foandry  Co. 


Castbigs — Machinery. 

Connellavllle  Fdry.  Mach.  tt  Bteel 

Casting  Co. 
Mesta    Machine   Co. 


Caatlnga — Gray  Iron  and  Bteel. 

Garrison   Foandry  Co.,  A. 
Mesta    JI.Tchine   Co. 
Morae  Chain  Co. 
Otla  Steel  Co.,  The. 
Taylor- WUaon  Mfg.  Co. 


Oenant — Fire  Brick. 
Amerleao   Bafraetorlea 


Ce. 


ChaBBela. 

lirataer  A  Oe., 


Charging   Baxea. 

BUw-Knox  Co. 


Chlmneya — Radial  Brick. 
Kellogg,  M.  W.  Co.,  The 


Cblmaeya — Steel. 
Krataer  *  Co.,  W.  M. 


Okreme. 
HarbUoD-Walker  BefracterUa  Co. 


Chreme  Brick. 
American  Refractories  Co. 


Clreolattag    Byatanaa    (er    Labrleat- 
Ing  OU. 

Bowaer  A  Co.,  Ino.,  B.  W. 


Clutches — Magnetic. 
Cutler-Hammer  Mfg.  Co. 


OoaL 

Combaatlon  Kng.  Corp. 
McKeefrey  *  Co. 
Stewart  Iron  Co. 


Oeal  Cmahera. 

Orton  ft  Btelnbrenaer  Oo. 


Ceal  Gaa  Planta. 

U.  Q.   I.   Contracting  Co. 


Coal — Planta    far   Fowderlag. 

Blaw-Knox  Co. 


OmJ   Tipples   and   TraaU* 
Blsw-Kaox  Co. 
Mt.  TsraoB  BildB*  Oo. 


Coke  Breeze. 

Combuatlon  Eng.  Corp. 
Garrison   Foundry  Co.,  A. 
Mesta  Machine  Co. 
National  Koll  &  Foundry  Co. 
Otla  Steel  Co.,  The. 
fitandard    Engineering  Co. 
United  Eng.  &  Fdy.  Co. 
WbeeUng  Mold  ft  Foundry  Co. 

Oeke   OTena   —   By-Prodaet— Orel 

Regeneratora. 
Hydraulic  Preaa  Brl«k  Co. 
Koppera  Co.,  The. 

Ceoling   Tables. 
Blaw-Koox  Co. 


Oolomna. 
Kratzer  ft  Co.,  W.  N. 
Meeban  Boiler  ft  Conatraetlon  Co. 

Combination  Gaa  Plants. 

U.   G.   1.   Contracting  Co. 

Compreaaed    Air    LocomotlTsa. 
Porter  Co.,  H.  K. 

Compreaaora — Air. 
AUIa-Cbalmera  Mfg.   Co. 
Blaw-Koox  Co. 
General  Electric  Co. 

IIiHiviMi.   Dwi'iis.   Tientscliler  Co. 
Ingersoll-Rand  Co. 
Meata  Machine  Co. 
Westlnghouse    Elec.    ft    Mfg.    Co. 

Cummutntors. 

Homer    Commutator    Co. 


Ovnerste  —  Btssl 
atmetlsB. 
BIsw-Kboz  Co. 


Ferms   lev   Oea 


Oendenaera. 

Blaw-Knox  Co. 

Mesta    Machine    Co. 


Oendenaera  —  Barometrle,  Barfaee 
Jet. 

Ingereoll-Rand  Co. 
Kellogg,  M.  W.  Co.,  Tba 
Meata   Machine  Co. 
WestlQghoaae  Blectrle  ft  Mlg.  Oe. 


Oeadensera — Ix>w  Lerel  { 
Ingersoll-Rand    Oo. 

Oeadaaaere^— Barfaes, 

Ingersoll-BaBd    O*. 


Cars — Ladle   Transfer. 

Toangstown    Fdy.    ft 


lU«k     TsMpera- 


Meb.    Oe. 


Car  Tanks. 

Blaw-Knox  Co. 
Kellogg,  M.  W.  Co.,  Tbs 


CssBaBS— Fami 
tare, 
Jokns-MaoTlUa  Oo. 


Central  Station  Equipment. 
Allla-Chalmers  Mfg.  Co. 
General  Electric  Co. 
Smith  Gaa  Engineering  Co. 
WaMlngboBi*  Bleetrlc  ft  Mfg.  Co. 


Cartridge     Fuaea — Renewable     aad 
Nea-Renewable. 
D.  ft  W.  Faae  Works  of  Oaaanl 

Sleetrle  Co. 
Jobna-MsnTlUe  Co. 


Chain  Oratea. 
Hagan,  6«o.  J.  Ce. 


Cooka — Tuyere. 
McCarthy,  FeUx. 
Homastaad  TsJts  Mfg.  Ce. 

LawreDcevllle   Bronze    Co. 


Colla  and  Benda — Pipe. 
Plttsbargb  Piping  ft  Bqalp.  Co. 


Coks. 

McKeefrey  ft  Co. 
Starwart  Iron  Co. 


Cenneciora — Frankel   Bolderless. 
Westlngboass  Electric  ft  Mfg.  Co. 

Ceaatruotlng  Knglneera. 

Dwlgbt  P.  Robinson  ft  Co.,  Inc. 


Conatraetlon— Blaat    Furnace. 

Arthur   G.    McKee  &   Co. 
Blaw-Knox  Co. 
Freyn.  Brassert  ft  Co. 
I<aughltn  ft  Sons  Co.,  Alex. 
Meeban  Boiler  ft  Construction  Co. 
MeClnre.  Q.  W.  ft  Son  Co. 
Mt.  Vernon  Bridge  Co. 
Smyths  ft  Co.,  ■.  B. 
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LAWRENCEVILLE    BRONZE    COMPANY 

Works;  Zelienople,  Pa. 


Pittsburgh,  Pa. 


Valve  Seats 
Tuyeres,  Coolers 
Cinder  Notches 
Cooling  Plates 
Tuyere  Cocks 


Manufacturers  of 

Hot  and  Cold  Mill  Bearings 
Pickling  Crates 
Housing  Nuts 
Screw  Boxes 
Electrode  Holders 
Machinery  Brass 


Send  Us  Your 
Inq  uiries 


Engine    Brasses 

and 

Journal    Bearings 


BRASS 
TCYERB    COCK 


BLAST  FURNACE  and 
OPEN    HEARTH   FITTINGS 


Designed  and  constructed  to  slye  thoroughly 
reliable  service  in  Blast  Furnace  and  Open 
Hearth  Service.  Blast  Furnace  and  open  hearth 
fittings  of  all  kinds,  Bra«s  Tuyere  Cocks, 
Tuyere  Unions,  Universal  Ball  Joint  Unions, 
Extra  Heavy   Brass  Cocks,  etc. 

Write  us  regarding  your  requirements 


Pittsburgh  Brass    Manufacturing  Co. 

PENN  AVENUE  AT  32ND  STREET 
PITTSBURGH,  PENNA. 
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Sfool  Plonf 


Construction — (jQH    Workl. 
Blan'-Knox  Co. 
Smitb  Gas  Bnglneerlns  Co. 
U.   G.    I.   Cuiilractliig   Co. 


Conittructton — Plate. 
Blaw-Knox  Co. 

Meeban  Boiler  &  Constrnctlon  Co. 
Mt.  Vernon  Bridge  Co. 

Construction — Structural  Iron,  Steel 
Biaw-Knox  Co. 
Kratier  &  Co.,  W.   N. 
Meeban  Boiler  &  Constructioo  Co. 
Mt.   Vernon   Bridge   Co. 

Construction — Wire  Work. 
Kratzer  &  Co.,  W.  N. 

Continuous    Rolling    Mills. 

.Mfsta    .\l:l(liinc    Cu. 
.Morgan    Construction    Co. 

Controllers — Automatic   for   Cranes. 

Cutler-Hammer  Mfg.  Co. 
Electric  Controller  &  Mfg.  Co. 
General  Electric  Co. 
Westiugbouse    Elec.    &    Mfg.    Co. 

Controllers — Enclosed  Drum  Type 
for    Cranes. 

CutierHammer  Mfg.   Co. 
Electric  Controller  &  Mfg.  Co. 
General  Electric  Co. 
Westingbouse    Elec.    &    Mfg.    Co. 

Controllers — Electric,   for  Steel  Mill 
Machinery. 
Cutler-Hammer  Mfg.  Co. 
Electric   Controller  &   Mfg.   Co. 
General  Electric  Co. 
Westiugbouse    Elec.    &    .Mfg.    Co. 

Controllers — Milgnctic. 

(Jliii)  Elcolrii-  \-  CumrMlI.-r  Cm. 

Controllers  —  Manual,  .Automatic, 
Machine  Tool,  Crane,  Coal  and 
Ore   Bridges. 

Cutler-Hammer  Mfg.  Co. 
Electric  Controller  A  Mfg.  Co. 
General    Electric   Co. 
Westingbouse    Elec.    &    Mfg.    Co. 

CoDTeyors — BUlet. 

Morgan    Construction    Co. 

Cooling  Beds. 

Morgan    Construction    Co. 

Cooling  Plates. 

Blaw-Knox  Co. 
LawrencevlUe  Bronze  Co. 

Cors   Ovens. 

Electric  Furnace  Constriction  Co. 


Coupling  Boxes. 

American   Steel  Fotindrlea  Co. 
Garrison   Foundry   Co.,  A. 
Mesta  Machine  Co. 
National  Roll  &  Foundry  Co. 
Standard  Engineering  Co. 
Wheeling  Mold  A  Fomndry  Co. 


Couplings — I-  lexiltle. 
Electric  Controller  *  Mfg.  Co. 
■ntt-h  *  IMrrall. 

Thomas   Flexible   Shaft    Co. 


Couplings — Magnetic. 
Cutler-Hammer  Mfg.   Co. 

Couplings — Shaft. 
Smith  &  Serrell. 

Couplings — Rigid. 
Smith  &  Serrell. 

Couplings — Compression    Shaft. 
W.  n.  Nicholson  &  Co. 

CoTerlngs    for    Cold    Pipes, 

Johns-ManTllle  Co. 

Coverings  for  Pipes  and  Boilers. 

Jobns-Manvllle  Co. 

Cranes — Charging. 

Northern  Engineering  Works. 

Cranes — Electric   Traveling,   Gantry 
and    Grab   Bucket. 

Northern  Engineering  Works. 

r.   s.  If. c.i. 

Cranes — Gantry. 

Northern    Engineering    Work*. 

U.  S.  Crane  Co. 

Cranes — Jib  and   Pillar. 

Northern  Engineering  Works. 

Cranes — Coal  and  Ash  Handling. 

Northern  Engineering  Work*. 

Crimes — Dock   and    M'liiirf. 
I  .    S.    I'rane   I'li. 

Cranes — Locomotive. 

Crton  &  Stelnbrenoer  Co. 
U.  S.  Crane  Co. 

Cranes — Pillar. 

Northern  Engineering  Works. 

Cranes — Pneumatic. 

Northern  Engineering  Works. 

CriineN — Portal. 
1'.   S.   Crane  Co. 

Cranes — Slag   Breaking  and    Hand- 
ling. 

Northern  Engineering  Works. 

Cranes — Transfer. 

Northern  Engineering  Work*. 

Cranes — Wall  and  Jib. 

Northern  Engineering  Works. 

Cupolas. 

.Northern  Engineering  Works.   ' 

Cupola  Linings. 

Jobns-MaQTllle  Co. 

Cutouts, 

D.  &  W.  Fuss  Works  of  Oeneral 

Electric  Co. 
Jobns-Manville  Co. 

Cut  Bar  Carrier. 

Blaw-Knox  Co. 

Cyanide  Pats. 

KaUogg,  M.  W.  0».,  Tks 


Cylinders. 

Blaw-Knox    Co. 
Mesta  Machine  Co. 

Designing  and  Constrnctlon  Service 
Dwlght  P.  Robinson  &  Co.,  Inc. 

Digesters. 

Biaw-Knox  Co. 
Kellogg,  M.  W.  Co.,  The 


Electrical  Insolatloa. 
Johns-Manrllie  Co. 

Elevators   an<l    Conveyors. 
Orton  &  Stelnbrenner  Co. 


Eliminators— Steam. 
Nicholson  &  Co.,  W. 


B. 


Disc  Brakes. 

Cutler-Hammer  Mfg.  Co. 
Electric  Controller  &  Mfg.   Co. 

Direct    Sulphate    Plants. 
Semet-Solvay  Co. 


Doors — Open  Hearth. 

Blaw-Knox  Co. 

National    Roll   &    Foundry    Co. 

Draft   Gauges  and   Recorders. 
Bacharach  Industrial  Inst.  Co. 

Dras-line  Excavators. 
Orton  &  Stelnbrenner  Co. 

Drives — Chain. 

■ri;i      .MiMlart     Co. 

Drives — Mill. 

Fawcus  Machine  Co. 

IIoiivcii.  (.iHi-ii.-;.  lIiMitscliIer  Co. 
ilesta    Machine   Co. 
Morgan    Construction    Co. 

Dryers    for  all   Materials. 
Rockwell,   W.   8.  Co. 

Dynamos. 

AiUs-Chaimers  Mfg.  Co. 
General  Electric  Co. 
Westingbouse  Electric  &  Mfg.  Co. 

Efficiency    Instruments. 

Bacharach  Industrial  Inst.  Co. 
Bristol  Co. 
General  Electric  Co. 

Electric  Light  Equipment. 

General  Electric  Co. 
Westingbouse    Elec.    &    Mfg.    Co. 


Electric   Furnaces. 

Biaw-Knox   Co. 

Electric   Fur.   Construction    Co. 

General  Electric  Co. 

Pittsbirgb    Elec.    Furnace    Corp. 

Pittsburgh   Furnace  Co. 

W.   S.   Rockwell  Co. 

Westingbouse    Elec.    &    Mfg.    Co. 

Electric  Steel  Furnaces. 

Electric   Furnace  Constr.  Co. 

'Electric  Locomotive*. 
General  Electric  Co. 
Weatlnghouse  Electric  A  Mfg.  Co. 

Electric    Motors. 
Electric  Controller  &   Mfg.  Co. 

Electric   Ovens. 

Electric  Furnace  Constr.  Co. 

Electric   Steam   Boilers. 

Electric   Furnace   Constr.   Co. 

Klectrle  Welding  Apparatus. 
General   Electric  Co. 
WaMinghouse  Electric  A  Iffg.  Co. 


Engineering    *    Constrnctlon    Serv- 
ice. 

Dwlght   P.  Robinson  A  Co..  Inc. 

Engineers — Consulting. 

Arthur  G.  McKee  &  Co. 
Frejn,  Brassert  &  Co. 
Laugblln,  Alex.  &  Co. 
Moore,  W.  E.  &  Co. 
Morgan    Construction    Co. 
Rocitwell.   W.   S.   Co. 
Shover,   Barton    R. 
Smytbe  Co.,  S.  R.,  The 
U.  G.   I.   Contracting  Co. 

Engineers — Furnace. 

Jobns-Manville  Co. 
Electric  Furnace  Construction  Co 
Moore,   W.   E.   &   Co. 
Pittsburgh  Electric  Fur.  Corn. 
Rockwell  Co.,  W.  S. 

Engineers  and  Contractors. 

Arthur  G.  MpKee  &  Co. 
Dobrlu,    Harr.v 
Freyn,   Brassert  &  Co. 
Garrison  A.,  Foundry  Co. 
Mesta  Machine  Co. 
Mt.  Vernon  Bridge  Co. 
McClnre  Son  &  Co.,  Q.   W 
Laugblln,  Alex.  A  Co. 
Moore,  W.  E.  &  Co. 
Morgan    Construction    Co. 
Rockwell,   W.  S.,  Co 
Smytbe  Co.,  S.  R.,  The. 
Standard  Engineering  Co. 
Sutton-Abramsen   Eng.   Co 
William    Swindell   &   Bros. 
Robinson,   Dwlght  P.  Co. 
U.   G.    I.    Contracting   Co. 

Engines. 
Allis-Chalmers  Mfg.  Co.     ' 
.\ia,-kilil"-li.    ll.'inl.liill    A:    Co. 
Mesta  Machine  Co. 

Engine   Brasses. 

LawrenceviUe  Bronze  Co. 

Engines — Gas. 

Allis-Chalmers  .Mfg.  Co. 

ll.io\,.ii,  <i«,.|,^.   l;,-nlsclilpr  Cc. 

Meats   Machine  Co. 

Dnlted  Eng.  ft  Foundrv  Co. 

Engines — Hoisting. 
Mesu  Machine  Cu. 

Engines    —    Reversing.        Blowlaa 
Pumping.  Gas. 

HnnVi'M.    CIWIMI^.     I  Ci'li  t -.i- 1|  l^r    Cii. 

Mackintosh,  Hemphill  A  Co. 
Mesta  Machine  Co. 
United  Bug.  ft  Foundry  Co. 
Rockwall  Co.,  W.  8. 

Bngines^Steam. 

AillB-Chaimers  Mfg.  Co. 
II'Hiv.ii.  ii«.-ii^.  l;,.riis,  |,i,.r  C). 
Mackintosh,   Hemphill  ft  C*. 
MMts  Machine  Co. 
Unttad  lug.  ft  Foundry  Co. 

K«iiipm*nt^Welded      Chain,      WiM 
aad      Wire      Nail      Mills— O*^ 
plet*. 
Uorgaa  CoaMrustlou  Oa. 
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TyCCS±QTCYg 


erature  instruments 


Jv^^A-iVX'^I.iVA-o-^A-o-^.^^-l^A-^'^J^l-^vWWJJVIW.n.l.&I-tvWWWtai.i^^ 


Difficult  temperature  problems  are  being  solved 
every  day  in  every  branch  of  industry  by  Tycns 
Temperature  Instruments. 

Vour  temperature  problem  can  be  solved  b\ 
Tyros  ensjineers.  You  may  have  oni-  catalog  by 
stating  your  firm  connection. 

^y/or  Instrument  Companies 

RochesterN.Y.  USA. 

a  Ty\\.i  <ind  Tbvhr  Ti'moeratur?  instrument  for  evtry  purpoce 


JHE   CLASSIFIED   SECTION   of 


DieNasfRimacGSSfepIPlanl 
is  read  by  the  right  men. 

Are  You  Using  It? 


1 

m 

m 

1 

m 

■ 

A 

m 

i\\ 

A    \\\ix\\    ur;njf    lire    IJricU    niaile   Iroin    tht-    finest    Keii- 
fiu-ky     lire    (  hi.v    anil    iifliiptable    ro    all    departments 
of   the    steel    plant.        Inenrporated    l.S8(i 
VSIILAXI)    FIRE    BIMf  K    CO.               ASHLAXU.    KV. 

;»ii?iiiE 


YyHAT  kind   of   Brick 
are  you  using  in  your 
FURNACES    and    BOIL- 
ERS? 

Have  you  ever  considered 
the  many  advantages  to  be 
gained  by  using  our  No.  1 
or  XX  Grade? 

You  will  eventually  use  our 
Material.     Why  Not  Now  I 

American    Enameled 
Brick  &  Tile  Co. 

(Established  1893) 

52  Vanderbilt  Avenue 
NEW  YORK 


HAMILTON 

ENGINES 


A  Special  Cylinder  Boring  Machine  which  permits  the 

cylinders,  barrel  and  ports  of  an  engine  to  be  bored 

at  one  setting,  thus  insuring  perfect  alignment 

Hamilton  Engines  Save  Money 

THE  time  to  avoid  losses,  both  in  and  because  of  your 
power  plant,  is  when  you  buy  your  power  equipment. 
That  is  why  consulting  and  operating  engineers  recom- 
mend dependable  HAMILTON  Heavy  Duty  Engines 
and  Machinery. 

Costly  shut-downs  and  expensive  repairs  can  only  be 
eliminated  by  purchasing  a  reliable  prime  mover.  To 
get  reliability,  simplicity  of  design  and  sturdiness  or  mas- 
siveness  of  construction  are  indispensable. 

HAMILTON  engines  have  that  inherent  strength  of 
construction  which  enables  them  to  withstand  econom- 
ically all  the  pressure,  stresses  and  strains  that  heavy  duty 
s  ;rvice  involves.     This  strength  is  due  to : 

(1)  — The  foundry  being  operated  under  chem- 
ical control,  to  assure  a  uniform  mix- 
ture of  HAMILTON  quality ; 

(2) — All  parts   being  properly  proportioned ; 

(3)  — The  machining  being  done  on  the  best 
tools  obtainable  and  to  gauge.  The  in- 
spection is  rigid  and  of  one  standard. 

The  soundness  of  this  policy  has  been  proven  by  the 
years  of  steady,  economical  service  HAMILTON  engines 
have  rendered  The  Carnegie  Steel  Company,  The  Penn- 
sylvania Hotel,  The  Ford  Motor  Company,  and  other 
corporations  which  are  leaders  in  their  industry.  What 
Hamilton  engineers  and  heavy  duty  engines  and  machin- 
ery have  done  for  them,  they  can  do  for  you. 


TheHooven,Owens,RentschlerCo. 

Hamilton  Engines  and  Aiachinery 
HAMILTON,   OHIO 
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H.  C.  INGRAM  &  SONS 


BLAST  FURNACE  AND 

OPEN  HBARTH  WORK 

A  SPECIALTY 


JOBBING  AND  FIRH 
BRICK  WORK  GIVEN 
PROMPT    ATTENTION 


BRICKLAYER  CONTRACTORS 

STEELTON,  PA. 


!^S 


f: 


L 


HY-BRAND 

Fire  Brick 

Stand 

for 

Quality 


HYDRAULIC-PRESS   BRICK   COMPANY 
Saint  Louis. 

Chicago,  Cleveland,  Davenport,  DnBois,  Pa.;   Indianapolis,  Kansaa 

City,  Minneapolis,  New  York  City,  Omaha,  PbUadelphU, 

Toledo,    Washington,    D.    C. 


PYRO  -  STEEL  FIRE  BRICK 

•^^^^^^^^^     /or   '^•8^»  heat  work — made 
.^^^"^^^^^     f^      from  the  famous 
Sciotoville  clays 

THE  PYRO  CLAY  PRODUCTS  CO. 

OAK  HIL^  OHIO 


SSl^^EL  INSULATION 

The  most  eCfeotive  insulating  material  (or  all  types 
of  heated  equipment.  Complete  data  given  in 
Bulletin  0-7B. 

CELITE  PRODUCTS  COMPANY 

New  Yorli        Chicago  Los  Angeles    San  Francisco 

Philadelphia   Cincinnati       St.  Louis  Minneapolis 

Cleveland         Detroit  New  Orleans    Denver 


flarbison=Walker  Refractories  Company 

Manufacturers  of 

HIGH  GRADE  SILICA,  CHROME, 

MAGNESIA,  AND  FIRE  CLAY  BRICK 

DEAD  BURNED  MAGNESITE  AND  FURNACE 

CHROME,   CHROME   ORE. 

METALKASE  MAGNESITE  BRICK 

(Maccallum  Pat.) 

PITTSBURGH,  PA. 


FIRE  CLAY  BRICK 
"SALINA" 

Plant — Salina,  Pa. 
Conemansh  Div.,  P.  R.  B. 


SILICA  BRICK 
"LYON"      "YOUGH" 

Plant— Chllds,   Pa. 
Yough.  nlv.,  P.  &  i.  E.  B.  B. 


Canister   Rock   Quarries — 

Brookes  Mills,  Pa.,  Middle  Division,  P.   B.   B. 

Offices 

2243   Oliver   Bldg.,   Pittsburgh,   Pa. 


FIRE    BRICK 

The  CHAS.  TAYLOR  SONS  CO., 

Est.   1864 

Difficult  Shape  Specialists 

Mines:     Olive  Hill,  Ky.     Factories,  Taylor,  Ky.;   Cincinnati.  O. 
Gen'I.    Offices:      706   Burns   St.,   Cincinnati. 


PULVERIZED  JERSEY  FIRE  CLAY. 

Red,  Blue  and  Grey  Pulverized  Fire  Clay  and  Fire  Mortar 
in  Car  Lots  a  Specialty— Daily  Capacity  100  tons. 

Write  us  covering  your  requirements — Immediate  shipments. 

Also   Manufacturers   of  Highest  Grades   Jersey 
Fire    Bricl!    and    Special    Fire    Clay    Products. 

The   Mutton  Hollow   Fire   Brick   Co.,  Woodbridge,   N.   J. 


United  States  Refractories  Corporation       : 

MOUNT   UNION,   PA.  \ 

SILICA  BRICK  FIRE  BRICK  : 

SILICA  CEMENT  FIRE  CLAY  : 

OUR  BRAND  "MTU"  OUR  BRAND  "USRCO"  j 

Refractory  Material  of  the  Highest  Grade  \ 

Capacity    10,000,000.  : 


OUR   63rd   YEAR 
JOS.  SOISSON  FIRE  BRICK  COMPANY 

Connellsville,    Pa. 

Brick   Service   for  Every   Purpose 


American  Refractories  Company 

MANUFACTURERS   OF 
HIGH    GRADE— SILICA— MAGNESIA— CHROME   AND    FIRE   CLAY    BRICK 

"AA"  AUSTRIAN  DEAD  BURNED  MAGNESITE 

General   Sales  Office  Western    Sales    Office  Eastern   Sales  Office 

Union  Arcade  Bldg.,  208   So.  LaSalle   St. 

Pittsburgh,  Pa.  Chicago,   m. 


Equitable    Bldg., 
New    York,    N.   Y. 
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lD(*raoU-IUBd  Co. 
Nortbero  BntlDMrlnc  Work). 

■•Itia — Blaetrie. 

AlUi-Cbtlmeri  Mtg.  Co. 
Northern  BDglDeerin(  Worki. 

Bctati — McaorsU. 

Narthorn    lDfln««rln(    Worka. 

Holdara— Oka. 

Smith  Oa«  Bartnaerlng  Co. 

Heopa. 

W«it  Leccbbarg  Steel  Co. 

HjdrBDilo  Machinery. 

AllU-Cbalmeri  Mfg.  Co. 
Blrdaboro  8te«I  Fdy.  A  Mcb    Co 

Ml'Sta     Machine    Co. 

Hydraalle  PackinK. 

Jobna-UaDTllle  Co. 

Hydrometers. 

Taylor   Instrument    Co. 


Hygrodelks. 

Taylor   Instrument    Co. 


Importer  and  Forwarder. 
Tagarli  Ttmoleon,  P. 


Indnatrlal  Track. 

Wheellnr  Mold  *  Pdy.  Co. 


laatromenta — Eflflclency, 

Brlatol   Co..  The 
General  Electric  Co. 


Inatromenta — Indicating     and      Re- 
cording. 

Brlatol   Co.,   The 


Inaalatlng       Materiala   —   Tarnlah, 
Sheeting,  Tape  Componnd. 
D.  A  w.  Fuae  Worki  of  General 
Electric  Co. 


Ladlea. 

Blrdaboro    Steel    Fdy.    Mcb.    Co. 

Blaw-Knox  Co. 

Meeban   Boiler  A  Conat'o.  Co. 


Lathea— Roll. 

Garrison   Foundry  Co.,  A. 
Meats  Machine  Co. 
Pittsburgh  Rolls  Corporation. 
Standard  Eug.  Co. 
United  Engineering  &  Fdy.  Co. 


Lectromelt    Rapid    Steel    Fomacea. 

Pgh.  Electric  Fnrntce  Corp. 


Lifting   Magneta. 

Outler-Hammer  Mfg.  Co. 
Electric  Controller  &  Mfg.   Co. 
Ohio  Electric  and  Controller  Co. 


Light  on  DIatlUatlon  Planta. 

Semet-Solvay  Co. 


Limestone, 
McKeefrey  & 


Co. 


L.  In  Inga— Brake. 
Johns-Manrllle  Co. 


Linings — Cnpola. 

Amer.  Enam.  Brick  A  Tile  Co. 
Ashland  Fire  Brick  Co. 
Olearfleld  Brick  Mfg.  Co. 
Harbison-Walker  Ref.  Co. 
Johns-Manvllle  Co. 
Kler  Fire  Brick  Co. 
Mutton  Hollow  Plre  Brick  Co. 
Pyro  Clay  Product!  Co. 
Solason,  Joi.,  Fire  Brick  Co. 


Ltnln  gs — Ladle. 

Amer.  Enam.  Brick  A  Tile  Co. 
Aehland  Fire  Brick  Co. 
Clearfield  Brick  Mfg.  Co. 
Harbison-Walker  Ref.  Co. 
Kler  Fire  Brick  Co. 
Pyro  Clay   Products   Co. 
Mutton  Hollow  Fire  Brick  Co. 
Solaaon,  Jot.,  Fire  Brick  Co. 
Taylor,  Chas.  P. 

LIqnId  Lerel. 
Brittol  Co. 

LooomotWea  and  Special  Oranea. 
Orton  A  Btelnbrenner  Co. 


Machinery — Hydraollc. 

Allls-Chalmers  Mfg.  Co. 
BIrdeboro  Steel  Fdy.  A  Mcb.  Co. 
Mesta  Machine  Co. 
United  Engineering  A  Fdy.  Co. 


Machinery — Rolling  Mill. 

Blrdaboro  Steel  Fdy.  A  Mcb.  Co. 
ConnellsvlUe    Foundry    Macb.    A 

Steel  Casting  Co. 
Garrison,  A.,  Foundry  Co. 

lIiH    Vl'll,     I  IWI-IIS,      |;>.|!|V<    llIlT     I  'cl. 

Mackintosh,  BempblU  A  Co. 
Mesta  Machine  Co. 
Morgan  Construction  Co. 
National  Roll  A  Foundry  Co. 
Pittsburgh   RollB  Corporation. 
Standard  Engineering  Co. 
United  Engineering  A  Pdy.  Co. 
Wheeling  Mold  A  Foundry  Co. 
Woodard  Machine  Co. 
Toungetown   Fdy.  A  Uch.  Co. 


Machinery —Special. 

ConnellsTllle   Fdry.,   Mach.  A   Steel 
Casting  Co. 
Oarri«on.  A.,  Foandry  Co. 
Hnnvpn.  Oi^t'ii';.    Ili'nt'iclilcr  Co. 
Mpst.T    Machine    Co. 
Slmondt  Mfg.  Co.,  The 
tlnlted  Engineering  A  Fdy.  Co. 
Woodard  Machine  Co. 


Machinery — Tin  Plate. 

Garrleon,  A.,  Foundry  Co. 

Mesta  Machine  Co. 

Northern   Engineering  Works. 

Machinery— Transmitting. 
Mesta  Machine  Co. 


Machinery — Wire     Drawing,     Wire 
and    Rlret   Worka. 

Morgan  Construction  Co. 
Shuater  Co..  P.  B. 

Machinery    and    Bappllee — Mining. 
Meehan  Boiler  A  Const'n.  Co. 

Machinery — Wire  BUU. 

Morgan  Congtractlon  Co. 

Machinery — Tin  Plate. 
Garrison  Foundry  Co.,  A. 
Mesta  Machine  Co. 
Northern  Engineering  Worka. 


.Magnets — Electric  Lifting. 

I'ntler-Hammer  Mfg.  Co. 
Electric  Controller  A  Mfg.  Co. 
Ohio  Electric  A  Controller  Co. 


Melting  and    Refining   Furnace*. 

General  Electric  Co. 
Westlnghouse    Elec.    A    Mfg.    Co. 

Metal — Bearing. 
Lawrencevllle  Bronze  Co. 


Metalkase      Magneslte      Brick— He- 
Callom    Patent. 
Harbison-Walker    Refract.    Co. 


Meters — Flow. 

General  Electric  Co. 
Westlnghouse    Elec.    A    Mfg.    Co. 


Meters — Oas  and  Air. 
Bacharacb   Industrial   Inst.   Co. 
Cutler-Hammer  Mfg.   Co. 
General  Electric  Co. 
U.   G.   I.   Contracting  Co. 
Westlnghouse    Elec.    A    Mfg.    Co. 


Meters  for  OH — Kerosene,  Gasoline. 
Bowaer,  S.  F.  A  Co.,  Inc. 


Meters — Recording. 

Bristol   Co.,   The 
General  Electric  Co. 
Westlnghouse    Elec.    4    Mfg.    Co. 


Mill  Bearings — Roller. 

Hyatt  Roller  Bearing  Co. 


Mills— ContlnoOBS    Rolling. 

Garrison,  A.,  Foundry  Co. 
Mackintosh,  HempblU  A  Co. 
Mesta  Machine  Co. 
Morgan    Construction    Co. 
Pittsburgh  Iron  A  Steel  Fdys.  Co. 
Standard   Eng.   Co. 
Treadwell  Engineering  Co. 
United  Eng.  A  Foundry  Co. 


Mill    Drires. 

FawcuB  Machine  Co. 

Siesta    Machine   Co. 


tnanlatlng  Materials — Heat. 

Johns-Manvllle  Co. 

Iron  and  Iron  Ore. 
McKeefrey  A  Co. 
Stewart  Iron  Co. 
Tod-Stambaugh  Co. 

Iron    Soldering    (Electric). 
Cutler-Hammer  Mfg.  Co. 


Locomotives — Electric. 

Baldwin  LrOcomotlTS  Works. 
General   Electric  Co. 
Westlnghouse  Elec.  A  Mfg.  Co. 

LoeonnotlTea  —•  Steam,  Compreaaed 
Air,  Storage  Steam. 
Porter,  H.  K.  Co. 
Baldwin  Locomotive  Works. 


Machine    Work. 

Connellsvllle  Fdry.,   Mach.   A   Steel    Ml"'— Blooming,    Universal,    Plate, 
Casting  Co.  Sheet,    Tin   and   Bar. 

Hooven.  Owens.   Rentschlcr  l"o.  Mesta    Machine    Co. 

Treadwell  Engineering  Co. 

Machines — Straightening. 

Tlie    :Me.l.irl    i'.,, 
Morgan  Construction  Co. 
Shuster  Co.,  F.  B. 
Sutton-Abramsen  Eng.  Co. 


Mllla — Wire,    Complete    Eqalpmens. 
Morgan  Construction  Co. 


Journal  Bearings. 

Lawrencevllle  Bronze  Co. 


Locomotives — Storage     Battery. 

General  Electric  Co. 


Magnesia  Brick. 

American  Refractories  Co. 


MIzera— "Blaw." 

Blaw-Knox  Co. 


Key» — .Machine.    Self-FitllnB- 

.'^inith   A.-   .Serrell 


Lubricants — Gear,    Wire   Rope,  Etc. 
Keystone  Lubricating  Co. 
Ironsides  Co.,  The 


Magneslte. 

American  Refractories  Co. 


Molds — Ingot. 

Wheeling  Mold  A  Foundry  Co. 


Kline— Cement. 
Blaw-Knox  Co. 


Machinery    Brass. 
Lawrencevllle  Bronze  Co. 


Magnetic    Clutches 
rators. 
Catler-Hammer  Mfg.  Co 


Brakes.    Sepa- 


Motor  Benzol   Plants. 
Semet-Solvay  Co. 
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Pittsburgh  Transformer  Company 

Mill  Type  Transformers 

Pittsburgh,  Pa. 


The  Tod-Stambaugh  Co. 

Lake  Superior  Iron  Ores 

Perry  Payne  Building  CLEVELAND,  O. 


McKeefrey  Dependable  Products 

PIG   IRON — Basic,   Bessemer,   Seneca    (Strong),   Grafton    (Soft), 

Allegheny    (Neutral). 
LIMESTONE — Flnx,   Ballast,    Concrete,    Arrlcultnral. 
CONNEL,LSVII.LE   COKE — Furnace  and   Fomndry. 


McKEEFREY  &  CO., 


Leetonia 


Ohio 


The  Woodard  Machine  Co. 

WOOSTER.    OHIO 

CUT  GEARS 

SPUR,    BEVEl,    AND    HELICAL 

ROLLING    MILL   MACHINERY 


£!iniiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii)iiiHiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiniiriiiiiiiiiiiiiiniiiniiiiiiiiiiuDiiiu 

I      AMERICAN  ROLLER  BEARINGS  | 

g      Can  be  furnished  for  all  types  and  styles  of  Steel  Mill  Eqalp-  | 

i      ment.     Cut  production  costs,  obtain  greater  load  capacity  with  i 

s      an  absence  of  those  costly   bearing  renewal  delays.     American  p 

=      Roller   Bearings   can    be  Installed   In    your  equipment   without  i 

I       any   radical  change  from  your   present   design.  | 

I  Write  for  Bulletin  No.   1004.  | 

I  AMERICAN  ROLLER  BEARING   CO.,  | 

=       460  Melwood  Avenue,  Fittsbargrh,  Penna.  ^ 

fiiiiiiiiiiiiniiiiiiiininiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 


»^l=r^.L  UULLS 


L 


WiDElll/.nDLLV/DffilS 


PITTSBURGH  f?OLLS  CORPO>?AT!ON 
FORMERLY   SEAMAN  —   SLEETH    COMPANY 

PITT5riUr/Grb    PA' 


2 


MANTJFACTCBBB8 


W.  N.  KRATZER  CO. 

Structural  Steel  Work 

Bulldlngrs,      BrldKes,      Roof      Trusses,      Girders,      Columns, 

Builders'  Iron  Work,  Beams,  Channels,  Ancles, 

Zee  Bars,  Etc. 

PITT8BUBGH,   FA. 


3212  to  3230   Smallman   St. 


«YDROS^ 


MEASURE 

Pressure  and  Flow  of  Gases 
Bacharach  Industrial  Instrument  Co., 

Pittsburgh,   Pa. 


W.  H.  NICHOLSON  &  COMPANY 

AVilkes-Barre,  Pa. 

"Wyoming"  Steam  Specialties 

Wyoming  Automatic  Eliminators  eliminate  water  from  steam  lines 
feeding  engines  and  pumps.  Wyoming  Piston  Operated  Steam 
Traps  for  extra   heavy   steel  mill   service. 

PittsburKh  Agents — Andrews-Bradsbaw  Co.,  B.  F.  Jones  Bide 


THE 


MOORE 


PATENT 
ELECTRIC 


FURNACE 


For  Melting  and  Refining  High  Quality  Steel  and  Iron 

Operating  Records  on  these  furnaces  over  a  period  of  two  yeara 
show  large  average  productions  per  day,  low  current  and  elec- 
trode consumption   per  ton  and  long  life  for  roofs  and  Uninga. 

PITTSBURGH   FURNACE  COMPANY, 

Poblic   Service  Building  Milwaukee,   Wis. 


=HAGAN  FURNACES^ 


All  types  of  furnaces  for  Iron  and   Steel   Worlts.     6,000  Hagan 
Stoker  Fired  Furnaces  In  active  service.    Built  of  best  materials 
by   an   organization   which   has  designed   and   built  95%   of  the 
stolser-flred  metallurgical  Furnaces  of  America. 
Our  vast  furnace  experience  is  available  to  you.     Write  today. 


GEO. 
401  Peoples  Bank  BIdg. 


J.  HAGAN  CO., 


PITTSBURGH,  PA. 


-^, 


■f'/^iy  ■> 


s^i^iy/ 


MOORE   RAPID 
'LECTROMELT  FURNACES 

are  extremely  rapid  in  operation  and  ton 
for  ton  rating  will  turn  out  more  steel  or 
gray  iron  in  a  day  than  any  other  furnace 
on  the  market. 

Write  for  Information 


Piitsbixr^K  Electric 
Ftimace  Corporation 

-|    Pli-tslovtr^K,     I>eivxi.a.    f= 
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Motori — Electric  Steel  MUl. 
AllU-Chalmers  Mfg.  Co. 
G«neral  Electric  Co 
Westlngbouse  Electric  &  Mfg.  Co. 

Motor  Operated  Brake*. 
Cutler-Hammer  Mfg.  Co. 

Md<1      Oooii      and      lioIdliiK      Doirn 
Machines. 
Artlnir  G.  McKee  &  Co. 
McCarthy,  FelU. 

Nltrngen. 

Llnde  Air  Prodncts  Co. 

Ollii — Engrlne. 

Ironsides  Co. 

Keystone  Lubricating  Co. 

Oil   Engines, 

iDgersoll-Rand  Co. 

on  Filters. 

Blaw-Knoz  Co. 

Bowser,  S.  P.  &  Co.,  Inc. 

OU      Fase      Cntonts      (Aerial      and 
tTndergroand. 
D.  &.  W.  Fnse  Works  of  General 
Electric  Co. 

Oil  Meters. 

Bowser,  S.  F.  &  Co.,  Inc. 
General  Electric  Co. 

OU  Pomps. 

Bowser,  S.  F.  A  Co.,  Inc. 

OU        Storage       and        DIstrlbntIng 
Systems. 

Bowser,  S.  F.  A  Co.,  Inc. 

on   Tanks. 
Blaw-Knox  Co. 
Bowser,  S.  F.  A  Co.,  Inc. 

Ore. 

McKeefrey  A  Co. 

John   A.  S:ivage  Co. 
Stewart   Iron   Co. 
Tod-Stambaagb  Co. 


OTena— Core. 

Electric  Furnace  Const'n.  Co. 

Ore,       Oeal      and       Ash       Handling 
Eqatpment. 

Arthur  G.  McKee  A  Co. 
Blaw-Knoz  Co. 


Oxy- Acetylene. 

Llnde  Air  Products  Co. 

Oxyg<en. 

Llnde  Air  Products  Co. 
Oxweld  Acetylene  Co. 

Packing. 

JohDS-ManTlUe  Co. 

Paints — Metal  and  Wood. 

Hoppers  Products  Co. 

Palm  OU  Plants. 
BUw-Knoz  Co. 


Penstocks, 

Blaw-Knoz  Co. 
Kellogg,  M.  W.  Co.,  The 
National  lloU  A  Fdy.  Co. 

Pig  Iron. 

McKeefrey  A  Co. 
Stewart  Iron  Co. 
Tod-Stambaugb  Co. 

Pinions— MUl. 

American  Steel  Fonndrie«  Co. 
BIrdsboro  Steel  Fdy.  A  Mch.  Co. 
Garrison,  A.,   Foundry  Co. 
Mackintosh,  Hemphill  A  Co. 
Mesta  Machine  Co. 
Morgan    Construction    Co. 
National  Roll  A  Foundry  Co. 
Pittsburgh  Iron  A  Steel  FAye.  Co. 
Standard  Engineering  Co. 
Otis  Steel  Co.,  The. 
Slmonds  Mfg.  Co. 
United  Bng.  A  Foundry  Co. 
Wheeling  Mold  A  Foundry  Co. 
Woodard  Machine  Co. 


Pipe. 

Plttabnrgb  Piping  A  Equip  Co. 


Pipe — Bends  and  Colls. 

Kellogg,  M.  W.  Co.,  The 
Pittsburgh   Piping  A  Equip.  Co. 
Taylor-Wilson  Mfg.  Co. 

Pipe — Riveted  Steel. 

Blaw-Knoz  Co. 

Meehan  Boiler  A  Constr'n.  Co. 


Pipe— Wrought  Iron. 

Pittsburgh   Piping  A  Equip.  Co. 

Piping. 

Kellogg.  M.  W.  Co.,  The 
Pittsburgh   Piping  A  Equip.   Co. 


Pipe  Covering— Asbestos  and  Mag- 
nesia. 

Johns-ManvUle  Co. 


Pipe       Catting       and       Threading 
Machines. 
Standard    Engineering  Co. 
Pittsburgh  Piping  A  Equip.  Co. 
Taylor-Wilson  Mfg.  Co. 


Pipe— Fittings. 

American    Steel   Foundries. 

Kellogg,  M.  W.  Co.,  The 

Pgh.  Valve,   Fdry.  A  Constr.   Co. 


Pipe  Mill  Machinery. 

Garrison,  A.,  Foundry  Co. 
Mesta    Machine   Co. 
Pittsburgh   Piping  A  Equip.  Co. 
Standard  Engineering  Co. 
Tiylor-WlUon    Mfg.    Co. 
United  Engineering  A  Fdy.  Co. 


Piston  Bods. 

H*pp«n«tall  Forg*  A  Knlfa  Co. 
Heppanstall  Forge  Co. 
Mesta    Machine   Co. 


Plate  and  Stmotnral  Iron  Work. 

Kratzer,  W.  N.  A  Co. 
Otis  St«cl  Co. 

Pnenmatle  Tools. 

IngersoU-Rand  Co. 


Ports — Open  Hearth. 

Blaw-Knoz  Co. 

BIrdsboro  Steel  Fdy.  A  Mch.  Co. 

National  Roll  A  Fdy.  Co. 


Pumps. 
Allls-Chalmera  Mfg.  Co. 
BIrdsboro  Steel  Fdy.  A  Mch.  Co, 

Ilnovoii.  MwtMis.    H'Mitsobler  Co. 
Mesta  Machine  Co. 


Pots,  Annealing — Forge  and   Ham-     Pumps — Centrifngal. 


mer. 
Kellogg,  M.  W.,  Co.,  The 


Pots,  Annealing — Lap   Welded, 
Kellogg,  M.  W.  Co.,  The 


Power  Transmitting  Machinery. 

Mesta    Machine   Co. 


Powdered  Coal  Equipment. 
Aero  Pulverlier  Co. 


Preheaters. 

Badenhausen, 


Phillips. 


Presses — Forging. 

Garrison,  A.,  Foundry  Co. 

Mesta  Machine  Co. 

United  Engineering  A  Fdy.  Co. 


Presses — Hydranllc. 

BIrdsboro  Steel  Fdy.  A  Mch.  Co. 
Garrison,  A.,  Foundry  Co. 
Mesta  Machine  Co. 
United    Engineering   A    Fdy.    Co. 


Presses — RaU    Straightening. 
Garrison,  A.,   Foundry    Co. 


Pressure  Packed  Valves. 

Homestead  Valve  A  Mfg.  Co. 


Pressure  and  Tacnaua. 

Bristol  Co. 


Producers— Gas  Automatic. 
Wood,  R.  D.  A  Co. 

Producers — Gas. 

Blaw-Knoz  Co. 
Chapman  Eng.  Co. 
Langhlln,  Alez.  A  Co. 
Morgan  Construction  Co. 
Smith  Gas  Engineering  Co.,  The 
S.  R.  Smythe  Co.,  The 
T'.   G.    I.    Contracting  Co. 
Wood,  R.  D.  A  Co. 

PnUeys  and  CIntebes. 

The  Medart  Co. 
MMta  Machine  Co. 


Palveiicers. 

Aero  Pulverizer  Co. 

Polverised   Ceal  Kqalpaae 

Aero  Pulverizer  Co. 
Combustion  Eng.  Co. 

Pnmps^Alr. 

Ingersoll-Rand  Co. 


AlUs-Chalmers  Mfg.  Co. 

Pumps— Electric. 
Allli-Chalmers  Mfg.  Co. 

Pomps    (Hand    or    Power)    —    Oil, 
Gasoline. 
Bowser,  S.  F.  A  Co.,  Inc. 

Pomp   Valves. 

Johns-Manvllle  Co. 

Pyrometers — Indicating,    Recording 

Bacharach   Industrial   Inst.   Co. 
Bristol  Co.,  The 
Taylor    Instrument   Co. 

Railway  Eqolpment. 

American  Steel  Foundries. 
General   Electric  Co. 
Westlnghouse    Elec.    A    Mfg.    Co. 


Recording  Thermometers. 

Bristol  Co. 

Recording  Instruments. 

Bacharach   Industrial   lust.   Co. 
Bristol  Co. 

Recording   and    Index    Thermo- 
meters. 

Taylor   Instrument   Co. 

Reels — Wood  and  Iron,  Wire  Mills. 
Morgan  Construction  Co. 

Refractory  Joinings  and  Cement. 

Johns-Manvllle  Co. 


Refrigeration   Machines. 

Johns-Manvllle  Co. 

Regulators. 

Bristol  Co. 

Regulators — Automatic. 

Cutler-Hammer  Mfg.  Co. 

Bristol  Co. 

Electric  Controller  A  Mfg.  Co. 

Relays — Field  Rheostat. 

Cutler-Hammer  Mfg.  Co. 
Electric  Controller  A  Mfg.  Co. 
General  Electric  Co. 
Westlnghouse    Elec.    A    Mfg.    Co. 

Renewable  Fosea. 
General  Blsetrle  Co. 
Johns-Manvllle  Co. 

Reslstanca— Cast  Grid  and   Coll. 

f^itler-Hammer   Mfg.   Co. 
Electric  ControUer  A  Mfg.  Co. 
General  Electric  Co. 
Westlnghouse    Elec.    A    Mfg.    Co. 

Kbeeslats  —  Motor     Field,     Motor 
Starting. 

Cutler-Hammer  Mfg.  Co. 
Elaetrte  ControUer  A  Mfg.  Co. 
General  Electric  Co. 
Wesrtlnghouee    Elec.    A    Mfg.    Co. 
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NT    BEAT 


\3iE 


HyVMMEn    Mll-I- 


MILLER  PATENT  BEATERS 


RENEWABLE  SIX-EDGED  CUTTER  TIPS 
WITH  PERMANENT  ARMS 

Save  Power,  Crush  Finer,  Increase  Capacity,  Insure  Greater  Efficiency  at  Reduced 
Cost.     Enduring  as  the  Pyramids. 


JOSEPH   L.HILLER      2  I  so.  IZth.  ST..    P  H  I  L  ADE  L.PH  I A  .PA.. 


SUTTON-ABRAMSEN 
Straightening  Machines 

THE      BEST      IN      THE      WORLD 

For  straightening  Solid  Bars,  Pipes, 
Tubes  and  Sheets 

COLD  AND  HOT  ROLLED 

For  further  details  see  our  double  page  ad  in 
January  Blast  Furnace  and  Steel  Plant,  pages  S-g 

Sutton=Abramsen  Engineering  Company 


1903  Union  Bank  Bldg. 


Pittsburgh,  Pa.,  U.  S.  A. 


The  Mount  Vernon  Bridge  Co. 

ENGINEERS  AND   BUILDERS 

Blast  Furnaces,  Ore  and  Coke  Bins,  Trestles, 

Skip    Bridges,    Mill    Buildings,    Bridges,    and 

Structural  Steel  Work. 

Exclusive   Rights  in  the   United  States  to 
Amsler      Three-Pass      Hot      Blast      Stove 


MOUNT  VERNON, 


OHIO. 


Badenhausen 


Boilers 

Superheaters 

Preheaters 


Phillips  Badenhausen 


1426   Chestnut   Street 
Philadelphia,   Pa. 


90  West  Street 
New   Yorls   City 


418    Manhattan    Bldg. 
Chicago,    III. 


ARTHUR  G.  McKEE  &  CO. 

ENGINEERS   and    CONTRACTORS 


BLAST  FURNACES.  HOT  BLAST  STOVES, 
STORAGE  BINS,  McKEE  REVOLVING  DIS- 
TRIBUTORS, KLING-WEIDLEIN  DRY  GAS 
CLKANERS.  SINTERING  PLANTS,  POWER 
PLANTS.  STEEL  MILLS,  OPEN  HEARTH 
FURNACES,      BLAIB     VALVES     AND      PORTS 

REPORTS  -  APPRAISALS  -  INVESTIGATIONS 


3433     EUCLID    AVE. 
CLEVELAND 


Westminster  Chambers 

11  Victoria  St. 

Westminster,      London, 

England 


METALLURGICAL    FURNACE 
EQUIPMENTS 

Pulverized    Coal  Fuel   Oil  Gas 

FULLER     ENGINEERING     COMPANY 

ALLENTOWN,    PA. 


THE  GAS  COMBUSTION  COMPANY 
Gas  Combustion  Engineers 

PITTSBURGH,  PENNA. 


Bradsbaw    Patented   Burner 

for 

Blast   Furnace  and    Producer   Gas 


Duqaesne    Combustion    Units 

for 
Natural   and    Colte    Oven    Gas 


USE 


the  Classified 
Section  of 


USE 


Ihp  Diasf  kirnaco^jfeel  Planf 
It    Brings    the    Buyer    and    Seller    Together 


Producer    Gas  Systems 

Using    Bituminous    and    Anthracite    Coals. 

Kaw    and    Scrublied    Gas    for    Displacing    Oil.    City    Gas,    Coal 

and   Coke  in    Furnaces  of  all  Descriptions. 

WE   GUARANTEE   RESULTS 

Flinn  &  Dreffein  Co.,     c* «"',  '*c"a'™g  ^o 


WE 


WAT  E  R 


TIMOLEON    P.   TAGARIS 

Merkez    Rlchtim    Han,    Constantinople 

IMPORTER   AND   FORWARDER  of 

AMERICAN    MERCHANDISE   FOR   THE   LEVANT 

exclusively 
Write  me  If  you  want  your       Postal  address  British  Post  OIBce 
products  pushed   with   true       box       168.         Telegraph       address 
^  *^  Tagarls,       Constantinople,       Code 

American  energy.  ABC,   Bth    Edition. 


ANO        SCAIFE 


WM.B.    5CAIFE      &     5DNS        CD  .    PITTSBURGH;    PA, 
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llu'bla.sf  lurniicp  !1  MocM  rlanl- 


BlTaUrs. 

Ifctti  Uaebin*  Co. 


BlTstcd  riplnc. 
llMhaD  Boiler  A  Conatr.  Co. 


■•eklnc  MUI. 
MtcklDtocb-HemphlU  Co. 


m»*  urn*. 

Morgan    Const  motion    Co. 
BtiDdard  BD(lueerlDg  Co. 


Rada— PlitoB. 

B«pp»natall  Force  t  Knife  Co. 
Heppenstatl  For^e  Co. 
Mesta    M.ichinc   Co. 


Kella— Sand,    Chilled    and    Steel. 
Amarlean  Steel  Fonndrtea. 
Blrdaboro  Steel  Fdy.  *  Mch.  Co. 
Oarrlaon,  A.,  Foundry  Co. 
Maeklntoab,  Hemphill  &  Co. 
MMta  Machine  Co. 
National   Roll  ft   Foundry   Co. 
Otia  Btael  Co. 

PIttabarfh  Iron  &  Steel  Fdys.  Co. 
Plttabnrrh   Rolls  Corporation. 
Standard  Engineering  Co. 
United  Bnglneerlng  A  Fdy.  Co. 
Toaovatown    Fdy.    ft    Mch.    Co. 


K«ll  I.Bthaa. 

Mest.a    Machine   Co. 
Btaadard  ■n(lnaerln(  Co. 


R*U  Nack  Labrlcant. 

Ironaldaa  Co.,  The 


Raller  BearlDca. 

Anaerlcan  Roller  Bearing  Co. 
Hyatt    Roller   Bearing   Co. 


Retary  Kiln  a. 
Kellogg.  M.  W.  Co.,  The 


RaUlBC  Mill  Machinery. 

lIoiiviMi.   I  iWfMs.    It.-iit^'  lilor   ('. 
Ueata  Machine  Co. 
Morgan    Constnictlon    Co. 
National  Roll  A  Foundry  Co. 
Standard  Engineering  Co. 


Rolling  Mill  Equipment. 

Blrdsboro  Steel  Fdry.  &  Mch.  Co. 
Connellsvllle  Foundry  Machine  & 

Steel  Casting  Co. 
Garrison.  A..  Foundry  Co. 
l^n^^•on.  rtwt'iis.    U.'iitsofiler  Co. 
Mackintosh-HempblU  Co. 
Mesta  Machine  Co. 
Morgan  Construction    Co. 
National  Roll  &  Foundry  Co. 
Standard   Eng.  Co. 
Sutton-Abramsen    Engr.  Co. 
United  Engr.  &  Fdry  Co. 
Wheeling  Mold  &  Foundry  Co. 
Woodard  Machine  Co. 


Raaflnva— Flr«pro*(. 

Johna-ll'anTllla  Co. 


R»«fa  and  Bnildlnra — Iron. 
Krataar.  W.  N.  A  Co. 
Mt.  VarnoB  Bridge  Co. 

Ra»a  Draaalag. 
Kayatona  Labrlcating  Co. 


■awa    —   Matal      OnMUg,      InaaHad 
Taatk. 

Standard  Englnaarlng  Co. 


Scientific  Inntromanta. 
Brlatol   Co. 


Scrap    BncJceta. 

Blaw-Knox   Co. 


Screw   Stock. 

Union   Drawn   Steel  Co. 
West  Leechburg  Steel  Co. 


Separators — Magnetic. 
Cutler-Hammer  Mfg.  Co. 

Separators — Steam. 
Nicholson  A  Co..  W.  H. 

Shafting. 
Heppenstall  Forge  A  Knife  Co. 
Heppenstall  Forge  Co. 

■11. (■    Mi'il:llt     I... 

Union   Drawn  Steel  Co. 
West  Leechburg  Steel  Co. 

Shaft  Couplings. 
Smith  A  Serrell. 


Shaft  Hangers. 

The    .Mi'fl.n-t    Co. 

Shapea — Special   Steel. 

Union   Drawn   Steel  Co. 
West  Leechburg  Steel  Co. 


Bhaara — Angle  and  Plate. 

Garrison.  A..  Foundry  Co. 
Mackintosh,   Hemphill  A   Co. 
Mesta  Machine  Co. 
Standard  Engineering  Co. 
United  Engineering  A  Fdy.  Co. 


Shear  Blades. 

Heppenstall  Forge  A  Knife  Co. 
Heppenstall  Forge  Co. 


Shears — Billet.  Bloom  and   Slab. 
Garrison,  A.,   Foundry  Co. 
Mackintosh,  Hemphill  A  o. 
Mesta   M'achine  Co. 
Stnnd.<»rrt   Engineering  Co. 
United  Engineering  &  Fdy.  Co. 
Woodard  Machine  Co. 


Shears — Oolllotlna. 

Garrison.    A..    Fnondrr    Co. 
Mackintosh.  Hemphill  A  Co. 
Mesta   Machine  Co. 
Standard    Engineering  Co. 
United  Engineering  A  Fdy.  Co. 


Shear  Knives. 

Heppenstall  Forge  A  Knife  Co. 
Heppenatail   Forge  Co. 


Shears — Portable.  Motor  DrWen. 

Garrison.  A..  Foundry  Co. 
Marklntoah.  Hemphill  A  Co 
Mesta  kischine  Co. 
Standard  Engineering  Co. 
United  Engineering  A  Fdy.  Co. 


ihaara— Sermp.    AUIgatar.    WIra. 

Oarrlsoo.  A..  Foundry  Co. 
Marklntoah.  Hemphill  A  Co. 
Meats  Machine  Co. 
Standard  Engineering  Co. 
United  Kiigineerlng  A  Fdy.  Co. 
Tonngatown  Fdy.  A  Mch.  Co. 


Shears — Squaring. 

Garrison.  A..  Foundry  Co. 
Mackintosh.  Hemphill  A  Co. 
Mesta  Machine  Co. 
Standard   Engineering  Co. 
United    Engineering   A    Fdy.    Co. 


Shearing — Machines. 
Garrison  A.,  Foundry  Co. 
Mackintosh.  Hemphill  A  Co. 
Mesta  Machine  Co. 
Morgan    Construction    Co. 
Standard  Engineering  Co. 


Sheets^Bteel  and  Iron. 
Otis  Steel  Co. 


Sheet   and   Tin    Mill    Equipment. 

Blaw-Knox  Co. 
Mesta    Machine   Co. 


Sheet   Packing. 

Johns-MauTllIe  Co. 


Sheet  Pack  and  Bar  Carrlera. 

Blaw-Knox  Co. 


Silica  Brick. 
American  Refractories  Co. 
Harbison-Walker  Refract.  Co. 

Silica   Clays. 
Harbison-Walker  Refract.  Co. 


Silicon. 

McKeefrey   A  Co. 


Skip  Hoists. 

.\rtbur  G.  McKee  &  Co. 

Skip   Cars. 

Youngstown    Fdy.   &   Mch.  Co. 

Soaking   Pit    Covers. 

Wheeling  Mold  A  Foundry  Co. 

SolderlcHS    Connectors — Frankel. 
Weatlnghouse  Electric  A  Mfg.  Co. 

Soot    Blowers. 
Diamond    Power   Specialty    Corp. 

Special  Machinery. 

Sutton-Abramsen  Eng.  Co. 


Spindles— MUI. 

-American  Steel  Foundries. 
Blrdsboro  Steel  Fdv.  A  Mch.  Co. 
Mackintosh.  Hemphill  A  Co. 
fiesta  Machine  Co. 
Pittsburgh   Rolls  Corporation. 
Standard  Engineering  Co. 
United  Engineering  A  Fdy.  Co. 
Wheeling  Mold  A  Foundry  Co. 


Sprocket  Wheels. 

The  .Mod.irt   <."o. 

Stacks — Steal. 
Blaw-Knox  Co. 
Meeban  Boiler  A  Conatr.  Co. 

Stampings — Steel. 
West  Leechburg  Steel  Co. 


Standings    —    Water      Cooled      for 
Rolling  Mill. 

Blaw-Knox    Co. 

Standplpes. 
Blaw-Knox  Co. 

Steam  Boilers — Electric. 
Electric  Furnace  Constr.  Co. 

Steam   Superheaters. 
Babcock  A  Wilcox  Co. 

Steam     and     Storage    Steam     Loco- 
motives. 
Porter,  H.  K.,  Co. 

Steam  Specialties. 
Nicholson,  W.  H.  A  Co. 

Steam   Traps. 

Johna-Manvllle  Co. 
Homestead  Valve  Mfg.  Co. 
Nicholson,  W.  H.  A  Co. 

Steel — Building   and    Strnctnral. 

Blaw-Knox  Co. 
Kratier.  W.  N.  A  Co. 
Mt.  Vernon  Bridge  Co. 

Steel — Cold   Rolled  Strip. 

Mt.  Vernon  Bridge  Co. 
Union  Drawn  Steel  Co. 
West  Leechburg  Steel  Co. 

Steel   Frame  Buildings. 

Blaw-Knox  Co. 

Mt.   Vernon  Bridge  Co. 

Steel— Nickel. 

Otis  Steel  Co..  The 

Steel  Plants. 
Arthur  G.  McKee  &  Co. 
Blaw-Knox  Co. 
Morgan    Construction    Co. 

Steel — Stamping  and  Drawing. 

Mt.  Vernon  Bridge  Co. 
Union  Drawn  Steel  Co. 
West  Leechburg  Steel  Co. 

Steel    Plate   Work. 
Blaw-Knox  Co. 

Steel  Plate  Construction — Heavy. 

Blaw-Knox  Co. 

Steel — Structural. 
Kratzer.  W.  N.  A  Co. 
Mt.  Vernon  Bridge  Co. 

Steel  Plate  Products — Pressed. 

Blaw-Knox  Co. 

Meeban  Boiler  A  Conitr.  Co. 

Stills. 
Blaw-Knox  Co. 
Kallogg.  M.  W.  Co..  Tha 
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</Yl-^S.      MILL     &IIQIN  E-ls-lt/ 


"The  Valve 

of 
The  Era." 


■f=™r 


"Schild  Sliding:  Gas  and  Air  KeverNlble  Valves,"  single  or  com- 
bination. Saves  fuel  "Maintenance."  "No  breakage."  The  only  valve 
which  cuts  off  gas  between  furnace  and  stack  during  reversing. 
Sizes   18'''  to  42''  diameter. 


The  S.  R.  Smythe  Co. 

Engineers  and  Contractors 

Steel  Works,  Rolling  Mills,  Blast  Furnaces, 
Hot  Blast  Stoves,  Furnaces  for  all  Purposes, 
Operated  with  Producer  Gas,  Natural  Gas,  Oil 
or  Pulverized  Coal.  Coke  Ovens.  Gas  Produc- 
ers, Hand  Operated  or  Mechanical. 

PITTSBURGH,  PA. 

"FDRNACE  EFFICIENCY  EXPERTS." 


ALEX.  LAUGHLIN  Sl  CO. 

ENGINEERS  &  CONTRACTORS 

PITTSBURGH,  PA. 


Builders  of  Every   Description  of 

FURNACES  AND  GAS  PRODUCERS 

for 

IRON   AND   STEEL   WORKS 


JOSEPH    BRESLOVE 

CONSULTING  ENGINEER 

POWER     PLANTS 

Ki'orioinii'  Genenitioii  and   Di&tributon  of  Steam  and  Electric  Power 
li>r  the   Steel    Mill 

OLIVER  BUILDING  PITTSBURGH,  PA. 


FREYN,  BRASSERT  &  COMPANY 

CONSULTING  ENGINEERS 

London  CHICAGO  Philadelphia 


Cable  Addresses : 


Fre.vn,    Chicago 


Vilvalle,   London 


DWIGHT 

P.  ROBINSON 

&  CO.. 

Inc. 

ENGINEERS  and  CONSTRUCTORS 

Steel  Mills, 

Design  and  Construction 
Foundries,         Shops, 

of 
Power  Plants 

i;,-> 

K-\ST    JIUli    STREET.   NEW 

YORK 

Cliic-ngo 
Los  Augeles 

VoiingstdWii 
Muiitreal 

liio   (le  .T 

ineiro 

William  Swindell  and  Brothers 

Engineers  and  Contractors 

Electric   .Melting-,   Heat   Treating  and   Annealing   Furnaces 

Open    Hearth    and    ('rucible   Steel    IVIelting    Furnaceb 

Industrial    Heating    and    Annealing    Furnaces 

8v\Lndell    Gas    Producers — Swindell    Keversing    halves   31"   to   48" 

Jenkins  Arcade   Buildine.   Pittsburerh.   Pa. 


Deaigned 

and 
Ermctmd 


Blast  Furnaces 


in  Any 

Fart  ^fthrn 

Cmm   try 


We  are  Engineers  and  Contractors  and  ^ve 
all    inquiries    prompt    and    careful    attention. 

Sole  Representatives  The  McCIure  Three 
Pass  and  Two  Pass  Flre-Bricl£  Hot  Blast 
Stoves  with  Center  Combustion  Chamber, 
Open  Hearth  and  Heating  Furnaces,  Boakln^ 
Pits. 

All   kinds   of   brickwork. 

G.  W.  McCLURE,  SON  &  CO. 

Bessemer  Building  PITTSBURGH,  PA. 


BARTON   R.   SHOVER 

Engineering  of  Electric  Furnaces  and  power  appli- 
cations for  iron,  steel  and  other  industrial  plants. 

REPORTS.     OPERATING  ADVICE. 
424  Oliver  Building  Pittsburgh,  Pa. 


W.  E.  MOORE  &  CO.,  ENGINEERS 

PITTSBURGH,    C.    8.    A. 

Designs  and  Supervision  of 

Rolling  Mill,  Forge  Shop,  Foundry  and  Mine  Installa- 
tions. 
Power  Plants  and  Heavy  Industrial  Power  Applications. 
Electric  Furnaces  for  Steel,  Iron  and  Brass. 


How  do  you  burn  your  By-Product  Gas  ? 

H.    DOBRIN 

CONSULTING  FUEL  ENGINEER 

Specializing  on  By-Product  Gas  Utilization 

REPORTS                                SURVEYS                                INVESTIGATIONS 

Brown-Marx  Building                        BIRMINGHAM,  ALA. 

ELECTRIC   FURNACE   CONSTRUCTION   CO. 

S08    Chestnut    Street,    Philadelphia.    Pa. 

DESIGN     AND     CONSTRUCTION     OF     ELECTBIO     FCB- 
NACE8      FOR      MELTING      IRON,      STEEL,     OB     BRASS. 

SpecialistB    on    Electrically     Heated    OveDa    and     Farna««a    f«r    all 
purpoHeii. 
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■ttlli    (or   Oil    B«aiiertM. 

BUw-Kuoi  Co. 
Kellost,  U.  W.  Co.,  Th« 

Btokwi. 

Btbcock  &  Wilcox  Co.,  Tha 

Coml)B»tloD  Eng.  Corp. 
lUgiu,  Oeo.  J.  Co. 

■topi — Elactrle     r,linll.     Etc.,     (or 
Cranes. 

Cutler-Hammer   Mfg.    Co. 
El»ctrle  Controller  &  Mfg.  Co. 

■torago  and  DUtrtbntIng  Sr'tam*- 
BowMr  4e  Co.,  B.  F. 

■toTei — Hot  Blast. 

Arthur  G.  McKee  &  Co. 
Bl»w-Knoi  Co. 
Mt.  Veroon  Bridg*  Co. 
McClnra,  Q.  W.,  Boo  tc  Co. 
Smytbe,  8.  R.,  Co. 

Straightening  Machines. 

Tlic   Medi.rt   Co. 
Morgan  Construction  Co. 
Bhnster.  F.  B.,  Co. 
Sutton-Abramsen  Eng.  Co. 

Superheaters. 

Badenhausen,   Pbilllps. 
Power  Specialty  Co. 

■wUcbboards — For  Cranes. 

Cutler-Hammer   Mfg.    Co. 
Blectrlc  Controller  Jb  Mfg.  Co. 
G«ner«l  Electric  Co. 
Westlnghouse    Elec.    &    Mfg.    Co. 

■  wltehas— Antomatle    Float,    Knife, 
■nap. 

Cutler-Hammer   Mfg.    Co. 
■laetrle  Coutrollar  *  Mfg.  Co. 
Oen«r«l  Blactrlc  Co. 

Westlnghouse    Elec.    &    Mfg.    Co. 

•witches — Magaetlo. 

Cutler-Hammer   Mfg.    Co. 
Oenersl  Electric  Co. 
Westlnghouse    Elec.    &    Mfg.    Co. 


Tables— Rolling   MUl. 

Blrdshoro  Steel  Fdy.  &  Mch.  Co. 
Mackintosh,  Hemphill  A  Co. 
Mesta   Machine  Co. 
Morgan    Construction    Co. 
United  Engineering  &  Fdy.  Co. 
Woodward  Machine  Co. 


Ta«hoaseters. 

Briatol  Co. 
Johns-ManTllle  Co. 

Tasks — Air  Preasara. 

BUw-Knox  Co. 

KaUogg.  M.  W.,  Co.,  The 

Maahao  Bollar  A  CoDSt'o.  Co. 

Tasks — OU,   OaseUaa,   Karasaaa. 

Blaw-Koox  Co. 

Bowaar,  8.  F.  *  Co.,  Inc. 

Taaks — Storage    (Oxygea    aa«    Hy- 
dro gaa). 
BUw-Knoz  Co. 

Taaks— Atorags   aa4   Paaasar*. 

BUw-Kaoz  Co. 
Nicholson  *  Co.,  W.  H. 

TMiks  aad  Tawars — SteeL 
Blsw-Knos  Co. 


Tar  Kxtraetors, 

Bmlth  Ota  BngluearlDg  Co. 
U.  G.   I.   Contracting  Co. 

Tar   DlstUlUg  FUnto. 

The  Koppera  Co. 
Bemet-Solray  Co. 


Temperature. 
Bristol  Co. 

Temperature    and    Pressure 
Regulators. 

Taylor   Instrument  Co. 

Temperature  Begulatora. 

Bristol  Co. 
General  Electric  Co. 

TestUg  MaeUaaa. 

Bristol  Co.,  Tha 

Teme  Pots. 

BUw-Koox  Co. 

Textiles — AsbastOB. 
Jobns-Maovllle  Co. 

Thermometers— BecaidlBg. 

Bristol  Co.,  Tha 

Tin  Plate  Mill  BqnlpmaBt. 

Mesta    Machine   Co. 

Tipples — CoaL 

Blaw-Knox  Co. 

Mt.  Veraoo  Bridge  Co. 

Tools — Boll  Taming. 

Garrison,  A.,  Poandry  Co. 
HeppenataU  Forge  *  Knlfa  Co. 
National  Roll  &  Foundry  Co. 
United  Engineering  A  Fdy.  Co. 
Pittsburgh   Rolls  Corporation. 
Standard  Bnglnecrlng  Co. 

Taols — Pnenmatle. 

IngeraoU-Rand  Co. 

Towers — Traasmlssloa,    OalTaalaad. 

Kratier,  W.  N.  h  Co. 

Transfennars. 

General  Electric  Co. 
Plttsbargb  Transforraar  Co. 
Westlnghouse    Elec.    &    Mfg.    Co. 

Traasmlssion — Bopa. 

Tin    .Mednrt   Co. 

M'eaU  MjieUn*  Ca. 

United  Kng.  A  Foundry  Co. 

Transmlsslaii— Kqalpnamt. 

Ganeral  Blaetrlc  Co. 

Till'    McdMrl   Co. 

MMti  Mschlna  Co. 

Morse  Chain  Co. 

United  Bng.  A  Foandry  Co. 

Westlnghouse    Elec.    &    Mfg.    Co. 

Tnmsmlsslon.— Towers. 

Kratier,  W.  N.  *  Co. 
Blaw-Knox  Co. 

Traps— gtaam,  Camprassad  Air  Q—. 
Hontaitatd  TalTa  Mfg.  Co. 

Jobns-ManvUle  Co. 
Nicholson  as  Co.,  W.  H. 

Trimmer  ttaaL 

Eeppanatall  SV>rge  h  Kntte  Oa. 
Heppanatall  Foise  Co. 


Trusses — K«a(. 

Kratsar,  W.  N.  *  Co. 
Mt.  VamoD  Brldga  Co. 

Tab*   Olaaaara. 

Combastlon  Bag.  Co. 

Tambling  Barrels. 

Babcock  *   WUeox  Co.,  Tk* 

Tarbtaaa— •taaas. 

AUla-Chaimara  Mfg.  Co. 
General  Electric  Co. 
Terry  Steam  Turbine  Co. 
Westlnghons*  Electric  *  Mfg.  Co. 

Turbines- Fewer. 

General  Electric  Co. 
Westlnghouse    Elec.    &    Mfg.    Co. 

Turbo— Blowers    and    Campreasors. 

General    Electric  Co. 
IngersoU-Rind  Co. 
Westlnghouse    Elec.    &    Mfg.    Co. 

Turbo— Generators. 

General  Electric  Co. 
IngersoU-Rand  Co. 
Weatlngbouse  Electric  *  Mfg.  Co. 

Tuyere  Cocks. 

LawrencevlUe  Bronze  Co. 

Cna-riow  Steam  Engines. 

Hooven,  Owens,   Rent?rhler  Co. 
Mesta    Machine   Co. 


Unions. 

McCarthy,   Felix. 
Homestead  Talra  MXg.  Co. 

Vacuum  and  Draft  Gauges. 

Brlatol  Co. 


Talrea. 

American  Fdy.  *  Conat'n.  Co. 

Arthur  G.  McKee  &  Co. 
Blaw-Knox  Co. 

Hooven.  (Hvens,   Rentschler  Co. 
McCarthy,  Felix. 
Homestead   Valre  Mfg.   Co. 
Pgh.    Valve,   Fdry.   &   Con.   Co. 
Rockwall,  W.  8^  Co. 
Snytha,  8.  B.,  Co. 

Valves — Blowing   Engine. 

Hooven,  Owens,   Rentscbler  Co. 

ValToa— BUw-Off. 

Homaatatd  Talr*  Mfg.  Oo. 

ValTaa— «aat  Itaal. 

Homa«t«t4  TalTa  Mfg.  Oo. 

TalToa^HydrsuUe. 

Smith  Gas  Engineering  Oo. 
Bomaatead  VaJra  Mfg.  Co. 

ValTaa— Faap. 

Johns-Manvllle  Co. 

Talras  and  FlMlngs^Hydranlle. 

McCarthy,  Fallx. 
Homestead  Talra  Mfg.  Co. 
Pgh.    Valve,    Fdry.    St.   Con.    Co. 

TalTas— Bagrladlng. 
MeCarUy,  Fallx. 
HoaaatMd  TalTO  MKg.  Co. 

Valve  Seats. 
Lawrencevlll*   Bronze   Co. 

Valves— fipeelal. 
Pgh.   Valve,   Fdry.  *  Con.  Co. 


Watar  Bosk**. 
Blaw-Knox  Co. 

Water-Cooled    Floors    and    tbUlds. 
Blaw-Knox  Co. 

Water  Filters. 

Scalfe,  Wm.  B.  *  Bona  Co. 

Water  Gas  Apparatus. 
U.  G.  I.  Contracting  Co. 

Water  Heaters. 

Cutler-Hammer    Mfg.    Co. 

Water      Softening      and      Purifying 
Systems. 
Scalfe,  Wm.  B.  A  Bona  Co. 

Waterproofing  Matorlals. 

Johns-Manvllle  Co. 

Water  Tube  Boilers. 

BIgelow    Co. 

Edge  Moor  Iron  Co. 

Springfield  Boiler  Co. 

Water  Tube  Steam  Sellers. 
Babcock  d:  WUeox  Co.,  The 

Welded  Specialties  and  Hasdars. 

Blaw-Knox  Co. 
Kellogg,   M.  W.  Co.,  Tha 
Pgh.    Valve,   Fdry.   &   Con.   Co. 

Welding. 

Blaw-Knox  Co. 

Welding — Forge  and  Hammar. 

Blaw-Knox  Co. 
Kellogg,  M.  W.  Co.,  Tha 

Welding  Glasses. 

Oxweld  Acetylene  Co. 

Welding  Rods. 

Oxweld  Acetylene  Co. 

Wheels — Car. 
American  Steel  Fonndrlei. 

Wheels — Fly. 

Hooven.   0^^en^«.    Kentsehlor   Co. 

Meats   Machine  Co. 

United  Engineering  A  Fdy.  Oo. 

Wheels — Sheave. 

Hooven.  Owens.   Rentschler  Co. 
Mesta  Machine  Co. 

Wheel*— Steel. 

American  Steal  Foandrlaa. 

Wire     and     Cable — Asbestos     Insn- 

lated. 
D.  &  W.  Fuse  Worka  of  Oanaral 
Electric  Co. 

Wire  Rope  Shield. 

Ironsides  Co.,  Th* 


Wire   MlB   Kqulpmaat. 

Morgan    Construction    Co. 

Wire  Btralgktaalng  Maoklnas. 
ABarleaa  Indaatrlal  ang.  Oa. 
The    Meil:irl    To. 
MoTgna  Co»atf«Ma»  Oa. 
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Aero    riilverizor    Co rn 

AIlis-Cl)«lmers    Mig.    Co... ■'< 

American  Adaiiiite    Co -1 

American  Enameled   Brick  &   Tile  Co (15 

American  Hefractories   Co 117 

American  lioller   Bearing:   Co li'J 

American  Steel    Foundries    25 

Ashland    Fire    Brick    Co 65 


H 


Hflgan.   George  .T.,   Co 

llarbison-Wnlker    Kefractories    Co.... 

HeppeustJill   Forge  &   Knife   Co 

Hiller.    Joseph    L 

H'Oimer    Commutator    Co 

Homestead    Valve    Mfg.   Co 32 

HO'OTen,  OweU'S.   Rentsohler  Co H5 

Hyatt    Rioller   Bearing    Co 5 

H.vdranlic-Press    Brick    Co (u 


Phoeni.Y    Rolls    Corp 

I'ittsburgh  Brass    i'Jlg.    Co 

Pittsburgh  Electric    Fnrnace    Corp 

Pittsburgh  Furnace    Co 

i'ittsburgh  Piping  &   Equipment   Co 

Pittsburgh  Rolls    Oorp 

Pittsburgh  Transformer    Co 

Pittsburgh  Valve,   Fdry.  &  Constr.  Co. 

Porter,   H.   K.,  Co 

Po"\ver    Specialt.v    Co 

Pyro   Clay   Products   Co 


(1!) 
C3 
69 
6ft 
16 
69 
69 
58 
,56 
29 
67 


Babcock    &    Wilcox    Co 58 

Bacharach    Industrial    Instrument    Co 09 

Badenhausen,    Phillips    71 

Birdsboro    Steel   Fdy.  &   Mach.   Co 27 

Blaw-Knox    Co 10 

Bowser,   S.    F.,   Co 30-31 

Breakers    Hotel    61 

Bigelow   Co 35 

Bresloye,    Joseph    73 

Bristol   Co.,    The    7 

Brosius,    Edgar    E 56 


Chapman   Engineering   Co 11-12 

Ch.-ipmau-Steiii    Furnace    Co 11-12 

Classified    Section    54 

Clark    Car    Co 57 

Clearfield   Brick   Mfg.   Co 67 

Celite   Products   Co 67 

Combustion    Eng.    Corp 36 

Counellsville  Fdy.,  Machine  &  Steel  Cast- 
ings   Co 55 

Continental   Hotel    61 

Cooper,   C.  &   G.,   Co 11-12 

Cutler-Hammer    Mfg.    Co 9 


Diamond    Power    Specialty    Corp 41 

D.ibrin,    H 73 


E 

Edge   Moor   Iron    Co 37 

Electric   Controller   &    Mfg.    Co 

Tlie  Back  Cover 

Electric    Furnace    Construction    Co 73 


IngersoU-Rand  Co.  ... 
Ingram  &  Sons,  H.  C. 
Ironsides    Co.,    The 


,33 

tu 

15 


Jolins-Manville    Co 40 

Jones,   W.  A.,   Foundry  &  Machine  Co...     17 


Kellogg,    JI.   W.,   Co 39 

Key.stone  Lubricating  Co.. Inside  Front  Cover 

Kier   Fii-e  Brick    Co 67 

Koppers    Co.,    The 6.53-A 

Kratzer,    W.    N.,    Co 69 


Ladd.    George   T.,    Co 53 

Liaughlin,    Alex.   &   Co 73 

T-«twreneeville    Bronze    Co 63 

liewis    Fdry.    *    Machine    Co 23 


M 


Mackintosh-Hemphill    Co 652-A 

The  Medart   Co 55 

Meeh.an    Boiler    &    Construction    Co 63 

Mesta    Machine  Co 651-A 

Moore,    W.    E„    &    Oo 73 

Morgan    Construction    Co.,    The 

Front  Cover  and  18-19-20 

Mount  Veraon  Bridge  Co.,  The 71 

Mutton    Hollow    Fire  Brick   Co 67 


Mc 


McCaa-thy,    Felix    5S 

.MeCIu  re,  G.  W.,  Sons  Co 73 

McKee,  Arthur  G.  &  Co 71 

McKeefrey   &    Co 69 


Rul)inson   Co.,   Dwight   P.. 
Rockwell   Co.,    W.   S 


S 


Savage,  .Tolin  A.,  Co 

Scaife   Co.,   Wlm.  B 

Seaiman-Sleeth    Co.    (Pgh.    Rolls   Corp.). 

Shover,   B.    R 

Shuster   Co.,    F.   B 

Simouds    Manufacturing    Co 

Sniitli   Gas   li^'ngineering  Co.,   The 

Smith   &  Serrell 

Smytlie,    S.    R..   Co.,    The 

Soiisson,    Joseph,    Fire    Brick    Co 

Springfield    Boiler    Co 

Stewart    Furnace    Co 

Sutton-.\bramsen    Eng.    Co 

Swindell,    William    &    Bros 


59 
71 
69 


76 
44 
73 
67 
38 
61 
71 
73 


Tagaris,   Timoleon   P 71 

Taylor,   Chas.    Sons   Co 67 

Taylor    Instrument   Co 65 

Taylor-Wilson    Mfg.    Co 57 

Terry   Steam  Turbine  Co 34 

Thomas   Flexilile   Sh;ift   Co 56 

Tod-Stambaugh    Co 69 


U 


U.   G.   I.  Contracting   Co.,   The 650-A 

Union   Drawn    Steel   Co 59 

United  Engineering  &  Foundry   Co 4 

V.   S.    Reductio-n    Co 69 

United    States    Refractories    Corp 67 


Fawcus    Machine    Co .o7 

Flinn  &  DirefCein  Co 71 

Freyn,  Bras.sert  &    Co 73 

Fuller   Eng.   Co 71 


O 


Garrison    Foundry    Co.,   A 22 

Gas   Combustion    Co 71 

General   Electric    Co 42-43 


National  Roll  &  Foundry  Co 26 

Nicholson,    W.    H.,    it    Co 69 

Northern    Engineering    Works 56 


O 

Oliio    Electric   &   Controller   Co 

Inside    Back    Cover 

Orton  &  Stelnbrenner  Co HI 

Otis    Steel    Co.,    The 28 

Oxweld    Acteylene   Co 3 


W 


Westing.house,   Church,  Kerr  &  Co.,   Inc.  73 

Westinghouse   Electric   *   Mfg.    Co 46 

West   Leechburg   Steel   Co ,59 

Wiheeling  Mold  &  Fdry.  Co 24 

Wiood.   R.  D.,  &  Co U 

Woodard    Macliine    Co 69 


Youngstown   Foundry   &   Machine   Co. 
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Sloc.1  Pirn,!' 


^re  Ifou  Clin^itiQ 
io5ln  OldT^eocess-? 

find  out  by  consulting  this  table 


Vou  can   quickly   calculate   the   saving  of  Smith   Gas   Pro- 
ducers by   comparing   the   amount   and   kind   of   fuel   you   are 
using    at    present    with    the    fuel    that    will    produce    its    heat 
equivalent  when  gasified  in  a  Smith  Producer.     This  is  plainly 
shown  by  the  simple  table  below. 
But  in  most  cases  additional  economy  is  possible  with   Smith   Producers  that 
is  not  shown   on  the  face  of  these   figures.     Because  clean  producer  gas  is  more 
easily    applied    to    many    heating    services  than   other  fuels,  often  less  heat  units 
are   required   to  perform  a   given   service  when  producer  gas  is   used,   than  when 
other  fuels  are  employed. 

Smith    engineers   will    make   a    surve/  of  your  plant  and  submit  a  detailed  re- 
port of   the   possibilities  of —  .._ ■■- i  mr.  mm 1 1  immi    , 

COLD  mJli^kliiy^tRODUCER GAS 

C  LEANED  ~~7 


When  Bituminous  Coal  is  Gasified  in  a  Smith  Producer  Plant; 


The  Smith  T>  jk* 
"B  K"  (iiis  I*  rod  lifer 
is  Hiniilar  to  the 
T>|»r  "K"  i>  1  a  II  t 
shown  helow,  hut  is 
iilso  e<|iii|>pe(l  \\  if  li 
the  T.\  i>e  "F"  Tar 
KxtriK-tor.  It  util- 
izes hit iiniiiious  and 
lignite,  and  is  niadi* 
ill  sizes  up  li»  and 
iiii-liidiiii;  too  hp. 
Cl.OO.OOO)  Btii.  I>er 
lioiir. 


The  WorR  of  : 

1  gal.  Fuel  Oil 
1000  cu.  ft.  City  Gas 
1000  cu.  ft.  Natural  Gas 


-Can  be  Done  bij: 


i^  16  lbs.  Bituminous  Coal 
^  69  lbs.  Bituminous  Coal 
^  114  lbs.  Bituminous  Coal 


When  Anthracite  Coal  is  (iasified 
In  a  Smith  Producer  Plant: 


The  Siiiilii  T.vpe 
"I'/'O  lias  I'rudiit'er 
lor  use  with  anthra- 
cile  roal  (illustrated 
upjiosiie)  is  made  in 
eleven       sizes,       from 

tr*  to  :i(io  hp.  c^.io  ooo 

to  :i,0U0.0OO  ISdi.  per 
lioiir).  Deserihed  in 
hiilletin  li.  Bulletin 
l()  deseril»es  Type 
"<;."  IliKh  -  I)  u  t  y 
B  i  t  11  111  i  nous  Pro- 
d  n  V  e  r  ( illust  rateil 
lielou  )  with  larK** 
(■apaeit.\'  —  as  ;;reut 
as  l.iiuo  Ills,  of  eoal 
per    hour. 


One  CenirAl  Fuel  SourcG'-'One  Responsibility 


■    =KK'  '"         ::  ^.i:     's::-     ::::::?     ■•::::'    •■:::::■    :::::::   !:■"«::   ;»ji-' 
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